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1 Introduction

1.1 Salt storage

1.1.1 Background

In connection with a special inspection of the salt storage in Hornum in June
1999 a large extent of reinforcement corrosion was observed. The salt storage
was constructed with a reinforced concrete foundation with a supportive
wooden roof structure. The structure measures 18 x 10 m with a gate in the East
Side of the building. The foundation structure is 1 m in height (above ground
level) and 30 cm wide.

The storage of salt has caused chlorides to penetrate the concrete from the in-
ternal side of the foundation walls causing corrosion of the reinforcement on
the internal as well as the external side of the foundation walls. A gap between
the foundation walls and the wood structure has allowed humidity from the ex-
terior to accelerate the rate of deterioration especially near the top of the foun-
dation.

Initial chloride analysis in 1999 showed that the chloride content in the con-
crete in general was high (up to 0.91 % CI” by weight of concrete, see appendix
9). Chloride initiated corrosion onsets by experience when the chloride content
by weight of concrete exceeds 0.05-0.10 % CI". The chloride content was
measured higher on the upper part of the foundation wall than closer to ground
level and higher on the internal side of the wall than on the external side of the
wall.

Among other a petrographic analysis of the concrete was carried out in connec-
tion with the special inspection. The analysis revealed that the concrete was
cast using a Portland cement with a water/cement ratio on 0.45-0.50 with some
fully reacted alkali silica aggregate grains (i.e. no further reactions are antici-
pated). Precipitation's showed that the concrete had been exposed to humidity
especially in the area near the surface (0-15 mm below the surface).

1.1.2 Repair Strategy

The following repair strategies were considered: Replacement of the entire
foundation wall or a partial replacement of the foundation wall. The partial re-
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placement strategy was chosen despite that the lifetime of such a repair is lim-
ited. The reason being that the remaining concrete still contains a considerable
amount of chloride which can cause new corrosion especially in the construc-
tion joint between parent concrete and new concrete. As supplementary protec-
tion sacrificial anodes, Galvashield XP anodes from Fosroc were installed in
the repair concrete towards the construction joint; one area is left as reference
without anodes.

1.2 Beam in oil quay, Kalundborg

1.21 Background

Statoil has an oil quay in Kalundborg, which is the life nerve of the oil refinery.
The quay was constructed in 1960-61. Annually the quay is called by 800 to
900 ships. The quay structure consists of caissons, rammed columns; pre-cast
beams and deck elements as well as in-situ cast deck elements. A total of 225
columns support the quay.

Due to the aggressive marine environment, chloride has penetrated the concrete
and caused corrosion of the reinforcement. In 1997 the deterioration had
reached a stage where repair was required.

1.2.2 Repair strategy

As the quay structure is difficult to access and as there is an explosion hazard,
special precautions are to be taken in relation to demolition works. Further it is
inappropriate to patch repair with short intervals due to the special circum-
stances.

For the columns, decks and beams, the optimum repair strategy is cathodic
protection using impressed current. However due to the explosion hazard, this
is not a feasible solution. For the columns a combination of sacrificial anodes
(Aluminium) and inhibitors (cast into repair material and applied to the surface)
was selected. This part of the repair works is presented in ref. 3.

As a trial installation sacrificial Galvashield XP anodes are installed and tested
on one beam. The anode installation serves as an alternative to the inhibitor
solution for the structural parts above water level.

1.3  Objective

The objective of the Galvashield sacrificial anode installation both in the foun-
dation wall of the salt storage in Hornum and in the beam in the oil quay in
Kalundborg is:

» to evaluate if these anodes can effectively protect the reinforcement against
corrosion and prolong the lifetime of the repair works carried out.
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Two different aspects have been dealt with. On one hand the current output
from the anodes has been measured as a basis for estimating the lifetime of the
anodes and, on the other hand, the ability of the anodes to protect the rein-
forcement has been evaluated by means of potential measurements, chloride
analysis and resistivity measurements.
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2 The Galvashield XP anode

2.1 Cathodic protection - principle

The principle of cathodic protection is to apply an external source of current via
an anode to the reinforcement, and thereby forcing the reinforcement to act as
cathode, where it electrochemically can not corrode.

Cathodic protection of atmospherically exposed reinforced concrete structures
using impressed current systems is today used worldwide. When designed and
applied in a reliable way, the systems have been found to be able to protect the
reinforcement against corrosion. The source of current with impressed current
cathodic protection systems is an external power supply applied through rectifi-
ers.

For concrete structures permanently submerged, i.e. marine structures, sacrifi-
cial anodes can be used to protect the reinforcement. The current source for
protection when using sacrificial anodes is the anode itself, which sacrifices
itself (and is thus consumed) as it is a less noble metal than the steel reinforce-
ment. The driving voltage of sacrificial anodes, i.e. Zinc or Aluminium, is
much smaller than the corresponding systems using impressed current. How-
ever, water is an efficient current distributor and a cathodic protection system
using sacrificial anodes for submerged structures is known to be able to protect
reinforcement from corrosion.

2.2 Galvashield XP anode - principle

The Galvahield XP anode is a sacrificial anode, consisting of a zinc core cast in
a specially formulated mortar. Wires from the zinc core though the mortar is
used to connect the anode to the reinforcement.

The Galvashield XP anode is designed especially to deal with the problem of
new corrosion occurring in the parent concrete next to the construction joint
between new and parent concrete. The principle of the protection is as de-
scribed above with sacrificial anodes, that the zinc core sacrifices itself and thus
protects the reinforcement next to the construction joint.

The Galvashield XP anode is installed approximately 1 m apart in the structure
to be protected and as close to the parent concrete as possible. Fosroc provides
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detailed design calculations on the distance to use between the anodes, based on
the reinforcement density in the area to be protected.

Fosroc estimates the lifetime of the Galvashield XP anode to be approximately
10 years, and the anode is therefore assumed to be able to protect the rein-
forcement next to the construction joint for a corresponding period of time.

The following treatment stages is recommended by Fosroc in connection with
the Galvashield XP anode installation:

e Initial inspection and survey. Determine the extent of affected concrete

e Excavation. Break out damaged area and expose corroded steel

e Preparation. Clean, repair or replace steel as necessary

¢ Installation. Position units at edge of repair and test for electrical continuity
e Priming. Apply Nitoprime Zincrich primer to steel

¢ Reinstatement

e Apply compatible Fosroc repair mortar

Investigations carried out by Fosroc implies that the anodes can provide a cur-
rent output above 60 pA, corresponding to a current density around the rein-
forcement on 1-2 mA/m?, ref. 1. The current output was according to ref. 4
measured using an ammeter over the internal resistance in the instrument and
the real current output is therefore likely higher when measured using a zero-
resistance meter. A current density of 1-2 mA/m? is considered sufficient for a
preventive cathodic protection installation, where the chloride content around
the reinforcement is modest, ref. 1. According to ref. 2, a reasonably competent
attempt should be made to remove most of the chloride bearing material prior
to patching.
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3 Conclusion and recommendations

3.1 Conclusion

3.1.1 Salt storage, Hornum

Demolishing was not carried out until non-corroding reinforcement was
reached. This would have been too costly.

The results in the salt storage walls show that the Galvashield anodes can pro-
vide current densities up to approx. 1.1 mA/m? steel surface (measured during
summertime at 27 degree C).

The chloride content at the reinforcement level near the construction joint area
exceeds 0.24 % CI by weight of concrete. Based on half cell readings the rein-
forcement is expected to be corroding, and the chloride content is most likely
too high for the anodes to protect.

This corresponds well with the potential measurements, that show no or only a
limited effect of the anodes installed in the foundation walls.

3.1.2 Beam in oil quay, Kalundborg

The results in the beam show that the Galvashield anodes can provide current
densities up to approx. 0.4 mA/m?’ steel surface (measured at an ambient tem-
perature at 18 degree C).

Assuming a current output from the anodes at 9 degree C (corresponding to the
yearly average temperature in Denmark) on 200 pA each for the Kalundborg
case (corresponding to approx. 0.3 mA/m? steel surface), the lifetime of the an-
ode will be approx. 35-45 years. The lifetime with a current output on 1 mA/m?
yields approx. 12 years.

The potential measurements indicate that the anode installation is able to pro-
tect the reinforcement to a satisfactory level, i.e. extending the service life of
the repairs carried out. Potential measurements carried out indicate that there is
only limited risk of ongoing corrosion in the existing, not repaired area of the
beam, and the installation is therefore considered preventive. The chloride
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content in the anode area is close to the threshold value for corrosion (0.02-0.09
CI’ by weight of concrete 0-40 mm below surface).

Resistivity measurements show that the resistivity of the repair material (Ren-
deroc LA) is suitable for a cathodic protection installation and is approximately
half the resistance of the parent concrete. This will be beneficial for an adequate
current distribution.

3.1.3 General

The measurements indicate that the lifetime of the anode exceeds 10 years un-
der the conditions tested at both test locations i.e. the Beam in oil quay in
Kalundborg and the foundation walls in Hornum.

The measurements indicate that the Galvashield anode is able to protect the re-
inforcement where the anode is installed and used as a preventive installation
only, with a low current requirement.

A financial evaluation of an anode installation compared to a traditional repair
of a motorway bridge column is in favour of the anode installation.

3.2 Recommendations

We note that there is no recommended limit to the chloride content in the rein-
forcement depth in the parent concrete. It should be investigated if demolishing
to non-corroding reinforcement is adequate, or an upper limit should be set on
the chloride content in the parent concrete.

The reason for this is that the higher the chloride content the higher is the re-
quirement to min. depolarisation value over 4 or 24 hours in order to ensure an
adequate protection.

Further, we note that there is no recommendation regarding the resistivity of the
repair material. As a high resistivity mortar/concrete will limit the current out-
put from the anode, it could be relevant to recommend a comparatively low re-
sistance repair materials (i.e. Renderoc LA) when used in combination with the
Galvashield anode.

As the current distribution from the repair zone to the parent concrete is im-
portant the cathodic protection is more efficient the lower the resistivity of the
parent concrete is. Also, according to Fosroc recommendations, the anodes
should be placed as close to the repair zone as possible.

Finally, as the lifetime of the anode is closely related to the ambient tempera-
ture it could be considered to limit the expected lifetime when used in areas
with high temperature (Middle East i.e.).
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4 Repair works

4.1 Salt storage, Hornum

A partial repair strategy was selected, where the upper approx. 30 cm of the
foundation walls was demolished. The demolished areas were sandblasted and
the surface treatment on the internal side of the walls was removed as well. The
horizontal reinforcement bars was removed, the stirrups were kept.

New shuttering was made and the existing reinforcement was supplemented
with new reinforcement bars, thus extending the height of the wall to 1.2 (inter-
nal side) and 1.3 m (external side).

Galvashield XP anodes were installed, one per running m, alternating between
the internal and external reinforcement. In the reference area, no anodes were
installed. The steel to concrete surface area ratio in the non repaired areas is
0.22 approx., and 0.35 approx. in the repaired area. According to Fosroc the
radius of cover of the Galvashield XP anode is approximately 0.55 m for the
repaired area. This corresponds to one anode each 1.1 m, however as the anode
is fixed to the reinforcement spaced each 0.20 m one anode per running m was
installed.

The foundation walls were reestablished using concrete for aggressive envi-
ronment and with a required compressive strength exceeding 30 MN/m2. A sur-
face treatment using Nitocote EP403 (2 component epoxy-based, chemical re-
sistant and abrasion-resistant) treatment was applied on the internal side of the
foundation wall and on the upper side of the wall.

Between the first and second measurement campaign (between October 1999
and March 2000) three of the external walls had been painted, among other the
South wall, where the test areas are located.

In Appendix 1, the layout of the test areas can be seen.

In Appendix 2, photos from the installation and repair works can be seen.

WLYPROJNPROMS2042\52042WAP12_Fosroc_anodenbbu01316_22_08_00.doc C()W.[
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4.2 Beam in oil quay, Kalundborg

The concrete on the lowest 0.15 m of the beam was demolished. Three anodes
were installed in the beam each 0.70 m apart. The steel to concrete surface area
ratio in the repaired area is 0.66 approximately (and 0.5 approx. in the existing
area). According to Fosroc the radius of cover of the Galvashield XP anode is
approximately 0.39 m for the repaired area. This corresponds to one anode each
0.8 m. The anodes were installed 0.7 m apart.

Nitoprime Zincrich was applied to the existing reinforcement. The beam was
reestablished using repair mortar (Renderoc LA).

WLYPROJMPRONS2042\52042WAP12_Fosroc_anoderbbu01316_22_08_00.doc COM
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5 Test methods and test programme

5.1 Test methods

5.1.1 Chloride analysis

Chloride analysis is carried out according to DS 423.28, which for all practical
purposes corresponds to BS 1881: Part 124.

5.1.2 Half cell potential measurements

Half cell potential measurements i.e. measuring the half cell potential differ-
ence between the reinforcement and a reference electrode have been carried out
using both the embedded Manganoxide reference electrodes (ERE-20) and us-
ing an external Ag/AgCl-electrode.

The half cell potential has been measured with the anodes connected to the re-
inforcement, immediately after disconnecting the anodes (inst. off potential), 2,
4 and 24 hours after disconnection.

5.1.3 Current measurements

The current output from the anodes has been measured over a shunt by using a
potentiostat. As the equilibrium current output is to be measured, the current
have been measured before anodes were disconnected from the reinforcement.
Disconnecting and connection over the potentiostat has been carried out as fast
as practically possible (less than 2 sec). Where the current has been measured
after disconnection, the anode and reinforcement connection was left to stabi-
lise for min. %2 hour.

5.1.4 Electrical resistance measurement

The electrical resistance between the anodes and the reinforcement as well as
between the reference electrodes and the reinforcement was measured using an
AC-technique.

In addition the resistance of the concrete has been measured on drilled cores

using an AC-technique and the corresponding resistivity have been calculated
using the core dimensions.

WLYPROJAPROJ52042152042W\P12_Fosroc_anoderbbu01316_22_08_00.doc COW.[
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5.2 Test Programme

5.2.1 Laboratory tests

A concrete block measuring 30 x 30 x 30cm was cast with an upper and a lower
reinforcement mesh and with a Galvashield XP anode in the centre. Connec-
tions from each of the reinforcement meshes and the anode were lead to the sur-
face of the concrete, allowing for current measurement.

The objective of the test has been to establish the current output using a poten-
tiostat related to the ambient temperature.

The current output was measured in the temperature range 5°C (refrigerator) to
approx. 40°C (oven) in both dry and wet condition (water applied up to approx.
4 hours before measurement for the wet condition testing).

5.2.2 Salt storage, Hornum

Two test areas on the South side of the foundation wall were selected one area
for installation of anodes and one area serving as reference area. The location of
the test areas can be seen on the sketch in Appendix 1 and on the photos in Ap-
pendix 2. The anodes were placed between 0.25 and 0.35 m from the construc-
tion joint.

Two @ 100 mm cores were drilled in the parent concrete as close to the repair
zone as practical possible from the internal side of the wall in both the anode
area and the reference area. The cores in the reference area were drilled 8.35
and 9.35 m from the East wall. The cores in the anode area were drilled 7.5 and
8.5 m from the West wall as shown in Appendix 1. Chloride analyses according
to DS 423.28 were carried out on sawn and ground slices from the cores, 4
slices of 20 mm from the internal side and two slices from the external side of
the wall. The cores were drilled from the internal side of the wall. When re-
ceiving the cores part of the external side was missing. The depth of the two
slices from the external side of the wall has been estimated based on a total
thickness of the wall on 0.30 m.

The anodes in the test area were electrical insulated from the reinforcement us-
ing a shrink hose. A cable was connected to each of the anodes allowing for
external connection of the anodes to the reinforcement, and allowing for meas-
urements of the current output from the anodes.

Four ERE-20 reference electrodes were installed in each of the two test areas,
the anode test area and the reference area. Two of the electrodes were installed
in the parent concrete (in drilled @25 mm holes) and two electrodes were in-
stalled in the repair material (tying the electrode to the reinforcement). In the
repaired area the distance between the electrode and one of the anodes were
200 and 400 mm, respectively.

Reinforcement connections (three connections in each test area) were made.

WLYPRONPRONS52042\52042W\P12_Fosroc_anoder\bbu01316_22_08_00.doc (X)W[



A

WLYPROMAPRCUS2042\52042WAP12_Fosroc_anoderbbu01316_22_08_00.doc

Testing Galvashield XP anodes in repairs. Foundation walls in salt storage, Hornum and beam in oil quay, Katundborg. 14

All cables from the anode area as well as from the reference area were lead to
separate junction boxes on the external side of the foundation wall.

5.2.3 Beam in oil quay, Kalundborg

The general layout of the anode installation is seen in Appendix 3. Both an area
where anodes are located and an area without anodes have been tested.

On the selected beam the three anodes were electrical insulated from the rein-
forcement using a shrink hose. A cable was connected to each of the anodes
allowing for external connection of the anodes to the reinforcement, and al-
lowing for measurements of the current output from the anodes.

At the location of the drilled in reference electrodes the concrete dust was col-
lected and chloride analysis carried out using DS 423.28. The depth of the hole
is approx. 40 mm.

Two cores were drilled from the reference area. One core was drilled from the
parent concrete and one core from the repair material, Renderoc LA. Unfortu-
nately the weather did not allow for drilling cores in the anode area, as was
originally planned. The cores were used for electrical resistivity measurements
of the Renderoc material and the parent concrete as well as chloride measure-
ments by sawing, crushing and analysing for chloride content.

Four ERE-20 reference electrodes were installed in the anode area, and two ref-
erence electrodes in the reference area. Two of the electrodes in the anode area
and one electrode in the reference area were installed in the parent concrete,
two of the electrodes in the anode area and one electrode in the reference area
were installed in the repaired area. The horizontal distance between the anodes
and the reference electrodes used is 0.10 and 0.25 m, respectively.

A reinforcement connection was installed in both the anode and the reference
area.

All cables from the anode area installation were lead to a junction box located
on the beam side. The cables from the reference area are located at the place of
installation and terminated using a splicing sleeve.
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6

6.1

In appendix 1, a photo of the reinforcement and anode layout in the test block
can be seen before casting of the concrete has taken place.

In figure 1, the current output from the anode can be seen for different tem-

Results

Laboratory tests

15

perature conditions, and with the concrete block in both wet and dry condition.
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Figure 1. Current output (using a potentiostat) and AC-resistance from Gal-
vashield Anode when test block is exposed to different temperatures and in

both wet and dry condition.
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It can be seen that the temperature has a pronounced effect on the current out-
put from the anodes as well as on the resistance of the concrete.

Likewise, it appears that the humidity has only a slight effect on the current
output from the anodes. It is a possibility that the anodes and reinforcement
mesh was not humidified to a satisfactory level.

6.2 Salt storage, Hornum

6.2.1 Chloride analysis

The results of the chloride analyses carried out in connection with the anode
installation can be seen in Table 1. The wall thickness is 0.30 m.

Core, Location Depth below surface Chloride content, % CI’
from the internal side of | by weight of concrete
the wall
mm

1, Reference area, towards East 0-20 0.37
20-40 0.30
40-60 0.32
60-80 0.29
220-240 0.07
240-260 0.13
2, Reference area, towards West 0-20 0.11
20-40 0.13
40-60 0.10
60-80 0.05
220-240 0.07
240-260 0.17
3, Anode area, towards East 0-20 0.31
20-40 0.24
40-60 0.13
60-80 0.06
240-260 0.15
260-280 0.24
4, Anode area, towards West 0-20 0.36
20-40 0.18
40-60 0.12
60-80 0.05
200-220 0.00
220-240 0.02

Table 1. Measured chloride profiles in foundation wall in reference and anode

area.

The concrete cover to the inner as well as the outer reinforcement layer is 20-30

mm.
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The chloride content near the inner reinforcement inside of the wall is therefore
approximately 0.13-0.30 % CI" by weight of concrete in the reference area and
0.18-0.24 % CI by weight of concrete in the anode area.

The chloride content near the outer reinforcement is accordingly approximately
0.24 % CI" by weight of concrete in the anode area (one of the two locations)
and exceeding 0.13-0.17 % CI" by weight of concrete in the reference area.

6.2.2 Current measurements

The results of the current measurements can be seen in Table 2. The complete
measurements including measurements over a resistance can be seen in Appen-

dix 5.
Date Temperatures de- Anode no. Current, pA
gree C
Using a poten-
tiostat
5/10-99 approx. 9 0
1
2
3
0-3
2/3-00 5 0-3 <33
20/6-00 25 0-3
21/6-00 28 0 1744/1567
1 1660
2 1420
3 1100

Table 2. Current output from Galvashield anodes at Hornum. For measure-
ments over a resistance, see Appendix 5.

6.2.3 Potential measurements
The results from the potential mapping can be seen in Appendix 6.

Measurements with external electrodes

From the results it can be seen that the potentials measured in the parent con-
crete both in the reference area and in the anode area before casting of new
concrete are more negative than the value where corrosion is probable, ref. 5.
This indicates that there is ongoing corrosion in both of the areas.

It can further be seen that the potential in the repaired area increase with time
from casting, as expected due to hardening of the concrete and an increased re-
sistance of the repair material. With time the increase in potential gradient over
the construction joint and thus the probability of corrosion increases.

WLYPROAPRONS2042\52042WAP12_Fosroc_anoderbbu01316_22_08_00.doc COW.[
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From the results it can be seen that the 24 hour depolarisation values over the
construction joint in March 2000 was approx. 10-55 mV and immediately be-
low the joint between -1 and 6 mV.

The corresponding values from June 2000 show predominant positive depolari-
sation values when measured over 2 and 4 hours but both positive and negative
depolarisation values when measured over 24 hours.

Measurements on cast-in electrodes

The potentials measured on electrodes cast into parent concrete are more nega-
tive in absolute value than potentials measured from the external side using a
handheld electrode. This is likely to be a result of hardening of the mortar sur-
rounding the electrodes, thus in time the potential is expected to increase to-
wards more positive potentials. '

The decay measurements over 24 hours show a very limited effect of the an-
odes in the repaired area (4-10 mV decay measured 200 and 400 mm from the
anode), and practically no effect in the parent concrete (0-3 mV decay).

6.3 Beam in oil quay, Kalundborg

6.3.1 Chloride analysis

The chloride content in the dust samples collected at the location of the refer-
ence electrodes R1, R2 and RS, the latter in the reference area can be seen in

table 3.
Location Chloride content
% Cl" by weight of concrete
(one @25 mm hole, 0-approx. 40 mm
below surface)
R1 (approx. 350 mm from anode Al) 0.02
R2 (approx. 150 mm from anode A2) 0.09
RS (reference area, approx. 50 mm 0.15
above construction joint)

Table 3. Chloride content in concrete, where reference electrodes were installed
in parent concrete. -

The chloride content in the drilled cores can be seen in table 4. It was not pos-
sible to drill cores from the anode area, which was originally intended.

Location Chloride content
% Cl- by weight of concrete

Reference area, 0-26 mm below surface 0.24

Reference area, 26-59 mm below surface | 0.16

Table 4. Chloride content in core drilled in the reference area, existing concrete.
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6.3.2 Current measurements

The results of the current measurements can be seen in Table 5. The complete
measurements including measurements over a resistance can be seen in Appen-

dix 7.

Date Temperature Anode no. Current, uA
Using a poten-
tiostat

14/10-99 Approx. 9 1

2
3
1-3
24/1-00 2 1 76/97
2 35
3 <33
1-3 34
3/7-00 16 1 610
2 240
3 280
1-3 220
3/8-00 18 1 180
2 380
3 350
1-3 810

Table 5 Current output from Galvashield anodes at Kalundborg. For measure-

ments over a resistance, see Appendix 7.

The results from the potential measurements can be seen in Appendix 8.

Based on the depolarisation measurements it can be seen that there is a positive
effect of the anodes both in the parent concrete and in the repair concrete. Table
6 shows the depolarisation values measured in July and August 2000.
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7 Comments

71 Chloride content

7.1.1  Salt storage, Hornum

The environment of the salt storage is highly aggressive towards reinforced
concrete structures, with chloride content in the parent concrete, next to the
construction joint area exceeding 0.24 % CI” by weight of concrete. This level
is normally considered enough to initiate corrosion and especially with a chlo-
ride gradient over the joint on the same level. According to Fosroc, ref. 4, no
recommended upper limit of the chloride content over the construction joint is
set when using the Galvashield anode, however it is recommended to demolish
concrete until non-corroded reinforcement is reached. This ensures according to
ref. 4, that the installation will be a preventive cathodic protection installation.
This strategy has not been used in connection with the salt storage foundation
wall at Hornum.

7.1.2 Beam in oil quay, Kalundborg

The chloride content of the parent concrete in the beam at Kalundborg has an
apparent lower value than in the salt storage. It should be considered that the
chloride content represents one $23/25 mm hole each and is thus a subject to a
certain degree of inaccuracy.

The chloride content in the anode area in the depth of the reinforcement is
somewhere between 0.02 and 0.09% CI” by weight of concrete - assuming that
the chlorides are homogeneously distributed in the area. The chloride content in
the reference area is somewhat higher (exceeding 0.15% approximately in the
depth of reinforcement.

7.2 Current output

7.21 Salt depot, Hornum

The current output of the anodes is highly dependent on the ambient tempera-
ture at the time of measurement. We note that the current output measured at
the salt depot exceeds the output from the beam in Kalundborg, and of the test
block measured under laboratory conditions.
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One possible explanation is that corrosion of the reinforcement from the time of
installation of the Galvashield anodes has been ongoing, which requires a
higher current output. The lifetime of the anodes must under these circum-
stances be expected to be decreased when compared to installing the anodes as
preventive measure according to Fosroc recommendations. However the esti-
mated lifetime with the max. current density measured still exceeds 10 years
(the lifetime estimated by Fosroc in any case).

As the corrosion rate increases with temperature, it appears that the current out-
put from the anodes adjusts to this requirement.

The current output measured from the anodes at Hornum during summer time
(27 degree C) is approx. 760pA from one anode (2200uA for 4 anodes, as
measured over resistance approx. 35-40 % too low a valueref. Appendix 5, and
divided by 4 anodes). Assuming that the protection diameter of one anode is
550 mm to exposed surfaces, the current output corresponds to approx. 1.1
mA/m’ steel surface.

The corresponding current output during wintertime (approx. 5 degree. C) is
below 0.02 mA/m? concrete surface and 0.05 mA/m? steel surface.

7.2.2 Beam in oil quay, Kalundborg

The current output from the anodes corresponds well with the results from the
test block measured in the laboratory.

The current output from the anodes during summertime (18 degree C) corre-
sponds to 430 pA/m? (0.4 mA/m>) concrete surface area and during wintertime
(2 degree C) 10 pA/m* (0.01 mA/m?) steel surface.

7.2.3 General remarks

The Galvashield anodes appear to be able to provide a current density (under
optimum conditions) that corresponds to what is normally considered adequate
for a preventive cathodic protection installation i.e. 1-2 mA/m?. This is only
possible during summer time, and corresponds well with the time for maximum
current requirement at the time of optimum for corrosion activity.

The Galvashield anode consists of approx. 80 g of Zinc. Assuming an average
current output from the anode on (corresponding to an average temperature in
Denmark on 9 degree C) 200 LA equal to 0.3 mA/m? steel surface (for the
beam in Kalundborg), the lifetime of the anode can be estimated to 35-45 years.
An average current output of 1 mA/m? steel would under the same assumptions
yield approx. 12 years.

7.3 Potential measurements

For cathodic protection installations the following performance criteria is nor-
mally applied for reinforced structures exposed to the atmosphere:
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Min. 100 mV depolarisation when measured over 24 hours.

Ref. 6 suggests lower polarisation values for structures with only limited
amount of chloride in the reinforcement level, corresponding to a preventive
cathodic protection installation and higher polarisation values for high chloride
contents around the reinforcement. Table 7 shows the requirements to polarisa-
tion in relation to the chloride content according to ref. 6. Polarisation values
are for practical purposes measured as depolarisation values.

Chloride content Necessary polarisation*
kg/m’ % CI” by weight of concrete mV
density assumed: 2400 kg/m>
<0.6 0.025 0
0.6-1.2 0.025-0.05 60
1.2-3.0 0.05-0.125 80
3.0-6.0 0.125-0.25 100
6.0-12.0 0.25-0.5 150

* in order to obtain a corrosion rate lower than 0.1 mm/year or more than 20
years until signs of corrosion occur
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Table 7. Polarisation criteria according to ref. 6. The chloride content has been
converted from kg/m® to % CI" by weight of concrete by assuming a concrete
density on 2400 kg/m’.

According to ref. 6, 100-150 mV depolarisation over 24 hours should be found
for the reinforcement in the salt depot in Hornum to be adequately protected.
This has not been found.

The data from the beam in Kalundborg imply that reinforcement with a chlo-
ride content on up to 0.025-0.05 % CI’ by weight of concrete around the rein-
forcement can be protected. The chloride content 0-40 mm below surface for
reference electrode 1 is 0.02 and the corresponding 24 hour depolarisation is 40
mV. The chloride content 0-40 mm below surface for reference electrode 2 is
0.09 and the corresponding 24 hour depolarisation is 21 mV.

In addition, Ref. 9 shows that depolarisation measurements during summertime
is lower than in winter. Taking this into account (up to approximately 90%) the
measurements are close to fulfilling the requirements in Ref. 6. In any case it
could be considered to space the anodes closer.

7.4 Resistance

The resistance of the repair material used will have a high impact on the ability
of the anodes used to protect the parent concrete, meaning that a lower resis-
tance material is likely to provide a better current distribution from the anode in
the repair material to the reinforcement in the parent concrete.

The resistivity of the repair material in natural condition after approximately 10
months of maturity is approx. 5 k€cm and of the repair material 8-12 k€2cm.
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7.5 Costimplications

Assuming that a motorway column is to be repaired, the following cost impli-
cations can be calculated when using Galvashield anodes in connection with the
repair and when not using them.

The following is assumed:

The column is diameter 0.6 m and 4 m high. The chloride content in the depth
of the reinforcement is 0.05 % CI by weight of concrete 2.5 m above ground
level, and 0.10 % CI” by weight of concrete 2 m above ground level.

The steel to concrete ratio is approx. 0.66 and therefore 3 anodes are to be lo-
cated in the circumference of the column. Traditional repair works are to be
carried out to 2 m above ground level in connection with the anode installation
and 2.5 m above ground level in connection with the traditional repair.

The cost of the anodes is DKK 180 each. The cost of traditional repair is 1000
DKK/m? for demolishing and 1600 DKK/m? for formwork and casting to 50
mm below surface.

The lifetime of the ancde installation is assumed to be 10 years plus the time
before new signs of deterioration have developed (approx. 10 years). The life-
time for the traditional repair is approx. 10 years, corresponding to the time be-
fore new signs of deterioration have developed.

Cost of traditional repair (year 0)

2.5m x 21 x 0.6 m2 x (1000 + 1600 DKK/m?) = 12246 DKK
2

Cost of anode installation (year 0)

2x 21 x 0.6 m? (1000 + 1600 DKK/m?) + 3 x 180 DKK = 10342 DKK
2

The cost using the anode solution is approximately 15% cheaper than the tradi-
tional repair cost (used in the example). Consequently, a financial evaluation on
a 25 year service life basis will be in favour of the anode installation - provided
that the anodes can protect the reinforcement at a chloride content approxi-
mately double the threshold value (given in the example).
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Appendix 1 Test locations on Southern
foundation wall on salt storage in Hornum
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Appendix2 Photos - Hornum
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Appendix 3
beam
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Appendix4 Photos, Beam in oil quay,
Kalundborg
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Appendix 5 Current measurements, Salt
Storage, Hornum
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Current measurement, Salt storage, Hornum
over resistance
Date Temperature Anode no. Current, uA after 10 sec. Stable value Resistance
Using a potentiostat  Current, uUA  Current, uA

05/10/99 ca.9 0 195 1 kohm

05/10/99 ca.9 1 177 1 kohm

05/10/99 ca.9 2 171 1 kohm

05/10/99 ca.9 3 157 1 kohm

02/03/00 5 0-3 <33

20/06/00 25 0-3

21/06/00 28 0 1744/1567 1400 100 ohm
28 1 1660 1400 100 ohm
28 2 1420 1200 870 100 ohm
28 3 1100 1200 100 ohm

28 0-3 3000 2200 100 ohm



Testing Galvashield XP anodes in repairs. Foundation walls in salt storage, Hornum and beam in oil quay, Kalundborg. 32

Appendix 6 Potential measurements, Salt
Storage, Hornum

External measurements

Date On Off/Inst. | lhoff ([2hoff {[4hoff {24h
off off

Aug 16, 1999 X

Oct. 5, 1999 X X

Mar. 3-4, 2000 X X X X

Jun. 20-21, 2000 | x X X X X

Measurements on installed reference electrodes

Reference electrodes were cast in on Aug. 18, 1999

Date On Off 1.5/2 hoff | 3.5/4 hoff | 24 h off
Oct. 5, 1999 X X X X

Mar. 3-4, 2000 X X

Jun. 20-21, 2000 | x X
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Hornum

Anode area
No.

Caston

Date of
measurement

Reference area
Cast on

Date of
measurement

Measurements on cast in electrodes

Potentials vs. Ref.

05/10/99 On
05/10/99 inst. Off
05/10/99 1,5 t off
05/10/99 3,5 t off
03/03/00 On
04/03/00 24 t off
20/06/00 On
20/06/00 On
21/06/00 24 t off

05/10/99 On
03/03/00 On
20/06/00 On

Resistance measurements, KOhm

05/10/99

New New Parent Parent
concrete concrete concrete concrete

3196 3193 3195 3192
18/08/99 18/08/99 20/08/99 20/08/99
-452 -429 -563 -505

-451 -429 -563 -505

-445 -427 -560 -503

-445 -427 -560 -503

-466 -440 -594 -520

-457 -428 -590 -515

-451 -421 -564 -503

-450 -420 -564 -501

-440 -416 -561 -501

3194 3197 3198 3199
18/08/99 18/08/99 20/08/99 20/08/99
-419 -428 -498 -477

-428 -434 -493 -480

-415 -423 -483 -465

3194 3197 3198 3199
5.34 4.62 5 4.87

3196
5.53

Depolarisering
New New Parent Parent
concrete concrete concrete concrete
3196 3193 3195 13192
Hours
1.5 hours 6 2 3 2
3.5 hours 6 2 3 2
24 hours 9 12 4 5
24 hours 10 4 3 0
3193 3195 3192
4.8 5.08 7.44



Anode area, On (before the anodes are disconnected from the reinforcement)

20-Jun-00

Potentials vs. SCE

20 juni, on

SR /-

= internally installed anode
externally installed anode
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300
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173 -171 -188 -187 -127 -290 -238
-288 -333 -372 -318 -316 -301 -280
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-332 -342 -351 -341 -344 -333 -321

20 june 2000, 2 timer after disconnecting the anodes
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20 june 2000, 4 timer after disconnecting the anodes
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21 june 2000, 24 timer after disconnecting the anodes

0 25 50 75

100
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1434 23
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-19
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20

-189 -1 66 -198
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-347 -360 -347
-348 -365 -352

11 1

-1 50 -289 -252
-298 -293 -278
-314 -314 -321
-345 -337 -330

36
-64
-164
-246
-328
-352

17

-196
-342
-379
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Difference between 2t off and on

0 25 50 75 100 125 150 175 200 225 250 275 300 Mean 26
125f 35 22 21 27 14 27 31 33 18 Variation 19
100] 22 2 1 12508 9 9 4 -8
75| 60 42 20 15 2 15 -10 -16 3 Mean repaired area 22
50| 63 29 48 23 60 45 32 30 43 Variation repaired area 16
25| 32 22 48 31 42 32 58 47 42 18 34 Mean parent area 28
0o 31 17 23 24 31 23 45 46 36 27 Variation parent area 21
Difference betwen 4 t off and on
0 25 50 75 100 125 150 175 200 225 250 275 300 Mean 20
125] 39 25 23 30 -14 13 22 38 -12 Variation 21
100| 18 26 11 A cvaly -4 6 -2 38
75 32 65 12 7 20 4 -19 20 -25 -27 5 Mean repaired area 18
50| 45 41 34 36 13 19 20 2 43 33 35 38 39 Variation repaired area 22
25| 21 24 47 36 33 8 5 12 39 23 40 23 33 Mean parent area 21
0] 26 16 32 34 21 22 10 9 21 26 29 23 Variation parent area 21
Difference between 24 t off and on
0 25 50 75 100 125 150 175 200 225 250 275 300 Mean-all -4
125 12 -3 16 -48 -10 10 26 -18 Variation 21
100| -7 -12 -37 524 17 5 -49
75| 15 -14 11 -23 1 -14 -24 -11 Mean repaired area -3
50 15 -77 13 -2 9 18 8 2 10 7 Variation repaired area 25
250 2 -1 18 -15 23 22 -1 7 A 2 Mean parent area -5
00 1+ 3 4 6 9 6 14 11 1 -4 -9 -18 Variation parent area 21
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Referencefelt, On, anodes outside the reference area connected to the reinforcement

20-Jun-00
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21 June 2000, 24 hours after disconnecting the anodes
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Appendix 7 Current measurements, Beam in
oil quay, Kalundborg
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Appendix 8 Potential measurements, Beam in
oil quay, Kalundborg

Reference electrodes were cast in on Oct. 6, 1999.

Log-book
Date On |Off | 10min. |2h 4h |23h 24 h 25.5h
off 125h | off | off off off
off
Oct. 14,1999 | x X
Jan 24,2000 | x X X
Jul 3, 2000 X X X
Aug 34, X X X X X X X
2000
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Current measurements, Beam, Kalundborg
over resistance
Date Temperature Anode no. Current, uA after 10 sec. Stable value Resistance
Using a potentiostat  Current, uA Current, uA

14-10-99 ca.9 1 800 1 ohm
14-10-99 ca.9 2 600 1 ohm
14-10-99 ca. 9 3 1000 1 ohm
14-10-99 ca.9 1til 3 1200 300 1 ohm
24-01-00 2 1 76/97
24-01-00 2 2 35
24-01-00 2 3 <30
24-01-00 2 1til3 34
03-07-00 16 1 610
03-07-00 16 2 240
03-07-00 16 3 280
03-07-00 16 113 220
03-08-00 18 1 180

18 2 380

18 3 350

18 113 810 700 1 ohm
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Referencefelt
Reference-elektroder Dato: 14-10-99
Potentiale, mV vs. ref. |AC-mcdstand
Placering nr. |Indstebtdato |On kohm
i rep. 6 06/10/99 -454 253
irep.
i eksisterende 5 06/10/99 -484 3.30
i eksisterende
Anodefelt
Reference-elektroder Dato: 14-10-99
Potentiale, mV vs. ref. AC-modstand
Placering nr. __|Indstgbt dato  |off on Ot on 0,5t |kohm
i eksisterende 1 06/10/99 -362 -377 -372 3.13
i eksisterende 2 06/10/99 -363 -370 -369 5.19
irep. 3 06/10/99 -365 -370 -371 2.03
irep. 4 06/10/99 -372 -393 -385 3.17
stroam 12:35 strom 13:00 |strom 12:35
Dato: 1 ohm shunt 1 ohm shunt |Fluke 87- BAC
Anoder nr. |Modstand (anod [Speending mV mod arm.  |microAmp (malti |microAmp (m|microAmp
1+243 - - 800* 300
1 107 848 600* 250*
2 114 863 1000* 170*
3 93 700 1200* " 170*
*Hastigt faldende vaerdier
Dato
Tid

Stremmaling

EKP-maling, start
EKP-maéling, slut

AC-maling, elektroder

Anoder frakoblet armering

Potentiale, referenceelektroder

p/50102/v/p12/result-okt99.xls, 27/07/00
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Referencefelt

Reference-elektroder

Dato: 24-01-00

Potentiale, mV vs. ref. |AC-modstand
Placering nr. Indstebtdato  |On kohm
i rep. 6 06/10/99 -415 7.07
i rep.
i eksisterende 5 06/10/99 -446 7.10
i eksisterende
Anodefelt temperatur oC: 2
Reference-elektroder 24/01/00
Potentiale, mV vs. ref. AC-modstand
10 min.
Placering nr. Indstebt dato  |on/off 3 mdr+10dg  |off 10 min. Depol |kohm
i eksisterende 1 06/10/99 -341 -346 -5 7.97
i eksisterende 2 06/10/99 -327 -326 1 12.67
irep. 3 06/10/99 -314 -312 2 5.89
i rep. 4 06/10/99 -323 -320 3 8.68
stram 12:30 [strem 13:00 strom 12:45
Dato: kompensationsmalemetode Elma 200microA
Anoder nr. Modstand (anod |microAmp 1. Maling microAmp 2. Maling** microAmp
1+2+3 124.7 76 97 80-70*
1 400 35 .- 150-40*
2 390 <30 - 40-20*
3 333 34 - 160-40*
* maling foretaget ca. ¥ time efter skiftevis afbry. af anoder *Hastigt faldende vaerdier
Dato
Tid

Strammaling

EKP-maling, start
EKP-maling, slut

AC-maling, elektroder

Anoder frakoblet armering

Potentiale, referenceelektroder

p/50102/v/p12/result-jan2000.xls,27/07/00
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Referencefelt

Reference-elektroder Dato: 03-07-00
Potentiale, mV vs. ref. |AC-modstand, on/off
Placering nr. Indstobt dato  JOn10:10/off 12:30 kohm
irep. 6 06/10/99 -424/-424 3.61/3.54
fi rep.
li eksisterende 5 06/10/99 -450/-450 4.21/4.22
|i eksisterende
Anodefelt temperatur oC: 15 ved on/off og 17,5 ved off 2 timer
[Reference-elektroder 03/07/00
Potentiale, mV vs. ref. AC-modstand
2 timers
Placering nr, Indstebt dato  |on/off 8 mdr+ 27 dg |oif 2 timer depol. |kohm
i eksisterende 1 06/10/99 -361/-361 -338 23 4.84
Ji eksisterende 2 06/10/99 -337/-337 -326 11 6.03
firep. 3 06/10/99 -324/-324 -313 11 3.39
fi rep. 4 06/10/99 -355/-355 -317 38 4.49
strem 10:10 I
'-Temp. 15gr.C |Dato:3/7-00 kompensationsmalemetode
Anoder nr. Modstand (anod |microamp 1. Maling
1+2+3 59 610
1 187 240
2 174 280
3 155 220
modstand stram 10:10 |modstand strem 12:30
Temp. 17,5gr.C |Dato:3/7-00 shuntmodstand 1 ohm
Anoder nr. Modstand mVsmA Modstand mV=mA
1+2+3 59 610 58 610 280
1 187 .- 180 240 -
2 174 - 169 280 -
3 155 - 150 220 -

p/50102/v/p12/result-juli20001.xls,27/07/C0
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STATOIL, FOSROC

DATO: 3. - 4. aug. 2000

Maleresulteter:

Placering |  nr. korr. pot [inst. off.pot |off.pot.2,5t|off pot.4t |off.pot.23t |off.pot.24t |off.pot.25,5t
Anodefelt mV mV mV mV mV mV mV

i eksistere 1 -362 -374 -342 -338 -334 -334 -333
i eksistere 2 -363 -342 -325 -324 -321 -321 -321
I rep. 3 -365 -328 -313 -312 -309 -309 -309
I rep. 4 -372 -368 -318 -313 -307 -307 -307
Referencefelt:

i eksistere 5 -484 -423 -423 -422 -423 -423 -423
i rep. 6 -454 -447 -446 -446 -447 -447 -446
Polarisering/depolarisering

Placering nr. Korr. Pot. |polarisering |depol. 2,5t|depol. 4t [depol. 23t [depol. 24t |depol. 25,5t
Anodefelt mV mV mV mV mV mvV mV

i eksistere 1 -362 12 32 36 40 40 41
i eksistere 2 -363 -21 17 18 21 21 21
| rep. 3 -365 -37 15 16 19 19 19
I rep. 4 -372 -4 50 55 61 61 61
Referencefelt:

i eksistere 5 -484 -61 0 1 0 0 0
i rep. 6 -454 -7 1 1 0 0 1

pol-depol-august1.xls08-08-00
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Referencefelt
Reference-elektroder Dato:03-08-2000
Potentiale, mV vs. ref. |AC-modstand mV
Placering nr. Indstebt dato on/off kohm off 2 timer
i eksisterende 5 06-10-99 -423/-423 3,35 -423
i rep. 6 06-10-99 -447/-447 4,02 -446
Anodefelt temperatur oC: (18
Reference-elektroder Dato:03-08-2000
ki. 11:00 kt. 13:00
mV AC-modstand mv
Placering nr. Indstebt dato  Jon/off 9 mdr+ 28dg |kohm off 2 timer
i eksisterende 1 06-10-99 -374/-374 4,71 -342
i eksisterende 2 06-10-99 -342/-342 5,81 -325
I rep. 3 06-10-99 -328/-328 3,22 -313
I rep. 4 06-10-99 -368/-368 4,22 -318
Temp. kompensationsmalemetode
Anoder nr. Modstand (anod microAmp
14243 53 810
1 170 180
2 159 380
3 141 350
shuntmodstand 1 ohm
Anoder nr. mV=mA
14243 0,7

p/50102/v/p12/aug-2t dep1.xis,08-08-00
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Referencefelt
Reference-elektroder Dato:03-08-2000

Potentiale, mV vs, ref. |AC-modstand mV
Placering nr. Indstebt dato  |on/off kohm off 4 timer
i eksisterende 5 06-10-99 -422
i rep. 6 06-10-99 -446
Anodefeit temperatur oC: |18 T
Reference-elektroder Dato:03-08-2000

kl. 11:00 kl. 15:00

mV AC-modstand mV

Placering nr. Indstebt dato  jon/off kohm off 4 timer
i eksisterende 1 06-10-99 -338
i eksisterende 2 06-10-99 -324
l rep. 3 06-10-99 -312
| rep. 4 06-10-99 -313

p/50102/v/p12/aug-4t dep1.xls,08-08-00
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Referencefelt
Reference-elektroder Dato:04-08-2000
Potentiale, mV vs. ref. |AC-modstand mV
Placering nr. Indstebt dato  jon/off kohm off 23 timer
i eksisterende 5 06-10-99 -423
i rep. 6 06-10-99 -447
Anodefelt temperatur oC: |17 o
Reference-elektroder Dato:04-08-2000
kl. 11:00 kl. 10:00
mV AC-modstand mVv
Placering nr. Indstebt dato on/off kohm off 23 timer
i eksisterende 1 06-10-99 -334
i eksisterende 2 06-10-99 -321
| rep. 3 06-10-99 -309
Ml rep. 4 06-10-99 -307

p/50102/v/p12/aug-23t dep1.xIs,08-08-00
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Referencefelt
Reference-elektroder Dato:04-08-2000
Potentiale, mV vs. ref. |AC-modstand mV
Placering nr. Indstabt dato on/off kohm off 24 timer
i eksisterende 5 06-10-99 3,34 -423
i rep. 6 06-10-99 3,99 -447
Anodefelt temperatur oC: |17
Reference-elektroder Dato:04-08-2000
ki. 11:00
mV AC-modstand - mV
Placering nr. Indstobt dato  {on/off kohm off 24 timer
i eksisterende 1 06-10-99 4,67 -334
i eksisterende 2 06-10-99 5,76 -321
| rep. 3 06-10-99 3,2 -309
i rep. 4 06-10-99 4,18 -307

p/50102/v/p12/aug-24t dep1.xis,08-08-00
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Referencefelt L
Reference-elektroder Dat0:04-08-2000

Potentiale, mV vs. ref. |AC-modstand mvV
Placering nr. _ |Indstebt dato  jon/off kohm off 25,5 timer
i eksisterende 5 06-10-99 -423
i rep. 6 06-10-99 -446
Anodefelt temperatur oC: |17
Reference-elektroder Dato:04-08-2000

kl. 11:00 kl. 12:30

mVv AC-modstand mv

Placering nr. Indstebt dato on/off kohm off 25,5 timer
i eksisterende 1 06-10-99 -333
i eksisterende 2 06-10-99 -321
| rep. 3 06-10-99 -309
| rep. 4 06-10-99 -307

p/50102/v/p12/auq-255t dep1.xls,08-08-00
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Testing Galvashield XP anodes in repairs. Foundation walls in salt storage, Hormnum and beam in oil quay, Kalundborg.

Appendix 9 Chloride Analysis
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COWI Betonlaboratorium

COWI

Bestemmelse af kloridindhold ved Volhard titrering

Sagsnr.: 50176A Sagsnavn: Saltlageret, Hornum
Dato: 22-06-99 Init: UPJ
Sagsing.: JRE
Rekvirent: JRE
Praveudtagningsmetode: 1-4=borestav, Keme 1 og 2=knust beton
Metodereference: Hezerdnet betons kloridindhold
Svarer i alle vaesentlige punkter til Dansk Standard 423.28
Resultatskema:
Pravebetegnelse Dybde Provemasse kloridindhold
g % Cl- af betonvaegten
1 0-25 mm 10,01 0,72
25-50 mm 10,00 0,69
2 0-25 mm 10,02 0,59
25-50 mm 10,02 0,50
3 0-25 mm 10,01 0,63
25-50 mm 10,03 0,89
4 0-25 mm 10,03 0,26
25-50 mm 10,01 0,29
Keme 1 0-20 mm 10,01 0,60
20-40 mm 10,01 0,41
40-60 mm 10,03 0,26
60-80 mm 10,00 0,16
80-100 mm 10,02 ‘ 0,04
100-120 mm 10,00 0,01
Keme 2 0-20 mm 10,01 0,62
20-40 mm 10,02 0,59
40-60 mm 10,01 0,91
60-80 mm 10,03 0,58
80-100 mm 10,01 0,41
100-120 mm 10,03 0,33

COWI Betonlaboratorium

Bemeerkninger:

Udfart:

Kloridindholdet er angivet som masse% af ter beton, og

kan omregnes til:

Natriumklorid% ved at gange med 1.65

Calciumklorid% ved at gange med 1.57

Chloridindholdet i forhold til cementvaegten ved at gange med 6-8

Godkendt: e —
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COWI

COWI Betonlaboratorium
Bestemmelse af kloridindhold ved Volhard titrerigs_;

Sagsnr.: Sagsnavn: Fosroc
Lab.nr.: 52042-W-12 Init: UPJ
Dato: 26-06-2000 Sagsing.: BBU

Rekvirent: BBU
Preveudtagningsmetode: Knust beton
Metodereference: Heerdnet betons kloridindhold

Svarer i alle vaesentlige punkter til Dansk Standard 423.28
Resultatskema:
Provebetegnelse  Dybde Provemasse  Kloridindhold

g % Cl- af betonveegten
Kerne 0-27 mm 10,00 0,24

27-59 mm 10,00 0,16

COWI Betonlaboratorium

Bemezerkninger:
l g
Udfrt: A [£/0j0
/

Kloridindholdet er angivet som masse% af tor beton, og

kan omregnes til:

Natriumklorid% ved at gange med 1.65

Calciumklorid% ved at gange med 1.57

Chloridindholdet i forhoid til cementvaegten ved at gange med 6-8

Godkendt ==



V1 (mi) V2 (ml)
Maengde AgNC Mzengde NH4SCN

9,00 2,15
7,00 2,60




Testing Galvashield XP anodes in repairs. Foundation walls in sait storage, Hornum and beam in oil quay, Kalundborg.

Appendix 10 Resistance of concrete

\\LYPROJ\PROU\52042\52042W\P12_Fosroc_anodenbbu01316_22_08_00.doc
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Dato: 04-08-2000 Langde Diameter Modstand ] Resistivitet
L1 L2 gennemsnit D1 D2 gennemsnit
Statoil, Fosroc Provenr. mm mm mm mm mm mm kohm Kohm*cm

Betonkerner i referencefelt:
Eksisterende beton

Kerne 1, 0-26,6 mm (heraf ca. 3 mm sprejtepu] 1 uden maetning 31,3 21,8 26,6 22,9 23,0 23,0 5,43 8,46
Kerne 1, 26,6-59,3 mm 2 uden maetning 35,7 29,6 32,7 23,0 23,0 23,0 9,65 12,27
| reparation

Kerne 2, 0-32,0 mm 3 uden mzetning 33,2 30,8 32,0 23,0 23,0 23,0 3,96 5,14
Kerne 2, 32,0-56,5 mm 4 uden maetning 25,2 23,7 24,5 23,2 23,1 23,2 3,08 5,30
Kerne 2, 0-32,0 mm 3 efter meetning 33,2 30,8 32,0 23,0 23,0 23,0 9,84 12,78
Kerne 2, 32,0-56,5 mm 4 efter meetning 25,2 23,7 24,5 23,2 23,1 23,2 4,48 7,73

Uden maetning: Malinger udfert umiddelbart efter hjemkomst
Efter maetning: Maling udfert efter lagring i Calciumhydroxid til konstant vaegt.

Udfert af:

Kontrolleret af:
Godkendt af: P:\32303\Data\Resistivitet.xIs
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