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Abstract: The corrosion of steel rebar in reinforced concrete structures is 
a pervasive and expensive problem for the Department of Defense. The 
maintenance and repair costs for affected structures and equipment 
amounts to hundreds of millions of dollars each year, and the degradation 
negatively impacts military readiness and infrastructure safety. This report 
documents a demonstration of a concrete rebar corrosion inhibitor system 
and a liquid galvanic coating that provides cathodic protection for steel-
reinforced concrete. These treatments were applied to critical infrastruc-
ture in a highly corrosive environment located at U.S. military facilities in 
Okinawa, specifically, two portions of a wall ring girder in a warehouse at 
Naha Military Port and two culvert bridges at the Kadena Air Force Base 
fuel storage depot. 

The data obtained in this demonstration show quantitatively that the cor-
rosion inhibitor application significantly reduced the corrosion rate of the 
rebar on the tested structures. The galvanic coating appears to be provid-
ing protection to the rebar, but quantifying the extent of protection or 
positive impact on service life would require further monitoring and 
evaluation. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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Executive Summary 

This OSD Corrosion Control and Prevention (CPC) project evaluated and 
demonstrated the use of two types of emerging technologies to mitigate 
corrosion in existing concrete structures. The first type consists of surface-
applied corrosion inhibitors for steel reinforced concrete structures. The 
second type is a sacrificial cathodic corrosion protection coating developed 
by the National Aeronautics and Space Administration (NASA). 

The Surtreat corrosion protection system used in this project consists of 
(1) an ionic-anodic type of inorganic migratory corrosion inhibitor (TPS 
II), (2) an organic vapor phase migratory corrosion inhibitor (TPS XII), 
and (3) a reactive silicone surface protection agent (TPS XVII). The com-
bined application of these three corrosion-inhibiting formulations pro-
vides a durable and multifunctional corrosion-inhibiting environment 
along with a reduction in water penetration rate. The cathodic coating sys-
tem consists of an inorganic silicate vehicle containing zinc, aluminum, 
magnesium, and indium metal powders. The coating is applied to a rein-
forced concrete surface along with titanium mesh strips that are connected 
to the rebar to conduct cathodic current produced by the coating. 

Two culvert bridges located at the Kadena Air Force Base fuel tank farm 
and two wall ring girders in the northeast end of Warehouse Building 306 
at the Naha Military Port were selected as the technology demonstration 
sites. The two bridges exhibited early signs of rebar corrosion as seen by 
concrete spalling in several areas, exposing rusted rebar. The two sections 
of wall ring girders exhibited significant signs of rebar corrosion in the 
form of concrete spalling and exposed rusty rebar.  

The project results show that properly selected and applied migratory cor-
rosion inhibitors or sacrificial cathodic coating systems can be successfully 
used to extend the life of reinforced concrete structures. These technolo-
gies demonstrated the capability of reducing measured corrosion rates. 
Before and after measurements indicated rates were reduced by a factor of 
3.5 on culvert 2, by 2.7 on ring girder 1, and by 1.9 on ring girder 2. Water 
permeation rates were also significantly reduced. A return on investment 
of 10.29 is projected, resulting from a service life increase for the treated 
structures. 
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Unit Conversion Factors 

Multiply By To Obtain 

degrees Fahrenheit (F-32)/1.8 degrees Celsius 

feet 0.3048 meters 

gallons (U.S. liquid) 3.785412 E-03 cubic meters 

inches 0.0254 meters 

mils 0.0254 millimeters 

square feet 0.09290304 square meters 
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1 Introduction 

1.1 Problem statement 

The corrosion of steel rebar in reinforced concrete structures is a pervasive 
and expensive problem for the Department of Defense. The maintenance 
and repair costs for affected structures and equipment amounts to hun-
dreds of millions of dollars each year, and the degradation negatively im-
pacts military readiness and infrastructure safety. Despite the numerous 
technological advances in corrosion prevention and control in recent dec-
ades, innovative new methods are continually sought to address persistent 
corrosion problems for which straightforward solutions have not yet been 
developed. 

This report documents an evaluation of two emerging corrosion preven-
tion and control technologies: a corrosion inhibitor system for steel rebar 
in reinforced concrete, and a liquid-applied sacrificial galvanic coating that 
can provide cathodic protection for reinforcing steel. The demonstration 
sites for these technologies were two critical facilities located in a highly 
corrosive environment located at U.S. military installations in Okinawa, 
Japan. At one site, Building 306 at Naha Military Port, a Liquid Galvanic 
Coating developed by the National Aeronautics and Space Administration 
(NASA)1 was applied to one portion of the building’s wall ring girder in 
Building 306 (a warehouse); and the Surtreat rebar corrosion inhibitor 
system2 was applied to another portion. At the other site, the Kadena Air 
Force Base (AFB) fuel storage depot (Kuwae Tank Farm), the Surtreat sys-
tem was applied to two culvert bridge structures supporting a roadway. 

The Surtreat corrosion inhibitor system consists of surface-applied chemi-
cal formulations known as TPS II (inorganic migratory corrosion inhibi-
tor), TPS XII (organic vapor phase corrosion inhibitor) and XVII (reactive 
silicone surface protection agent). The NASA Liquid Galvanic Coating 
(LGC) provides cathodic protection to embedded steel reinforcement 
members when electrical continuity is established between the coating and 
the embedded steel. 

                                                                 

1 United States Patent 6627065, “Liquid galvanic coatings for protection of imbedded metals.” 
2 Surtreat Holding LLC, Westmont, IL, 60559. 
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1.2 Objectives 

The technology evaluation objectives of this project were to: 

• demonstrate and evaluate the performance of a combination of two dif-
ferent types of chemical corrosion inhibitors as a corrosion inhibiting 
system for reinforced concrete 

• demonstrate and evaluate the performance of the NASA-developed 
LGC as a cathodic protection technology for reinforced concrete 

• show how before and after measurement of concrete chemical condi-
tion and the rate of corrosion can lead to better selection of corrosion-
control processes.  

The operational objectives of the project were to: 

• restore and protect from corrosion two culvert bridges at the Kuwae 
AFB fuel depot in order to extend their useful life 

• restore and protect two portions of a degraded ring girder in ware-
house Building 306 at the Naha Military Port.  

1.3 Approach 

The two corrosion treatment technologies were applied to two culvert 
bridges and two ring wall girders in a warehouse in cooperation with Oki-
nawa personnel. These structures were selected because they exhibited 
signs of rebar corrosion that required repair. The Surtreat corrosion in-
hibitor system was specified for the two culvert bridges and one of the two 
ring wall girders. The NASA LGC system was chosen for the other ring wall 
girder. The details of the approach for implementing both of the technolo-
gies are presented in Chapter 2. 

Additional supplementary detail about this demonstration are provided in 
the following appendices: 

• Appendix A: Robins AFB B-1 Beddown and Seymour Johnson Project 
Reports 

• Appendix B: Detailed Description of Technology Application Procedure 
• Appendix C: Elzly Contract Final Report 
• Appendix D: Bushman & Associates Contract Report 
• Appendix E: Corrosion Inhibitor Application Process and Product Data 

Sheets 
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• Appendix F: Technical Information on Galvapulse and GWT Metrics 
Technologies 

• Appendix G: Suggested Implementation Guidance 
• Appendix H: Contractor Planning and Safety Documents 
• Appendix I: Project Management Plan for CPC Project FAR-16. 
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2 Technical Investigation 

2.1 Initial assessment of concrete condition 

The major cause of deterioration of reinforced concrete structures is cor-
rosion of the reinforcing steel (rebar) and attack by acidic materials. The 
rebar in a new properly constructed concrete structure is protected from 
immediate corrosion by the alkaline (pH 13) concrete cover (about 2 
inches).  

The high pH acts as a natural corrosion inhibitor. With time, carbon diox-
ide (CO2) and other acidic materials in the environment will penetrate the 
concrete and drop the pH below 11, at which point the natural corrosion 
inhibition is lost, and if air and water (moisture) are in contact with the 
rebar corrosion will take place. The process by which CO2 decreases pH is 
referred to as carbonation. 

Salt (chloride ions) from salt water and deicing materials penetrate con-
crete and migrate to the rebar level where they will accelerate corrosion. 
Chloride content is typically measured in lb/yd3 or parts per million 
(ppm). Concrete chloride content is divided into two types, total and wa-
ter-soluble. The water-soluble form is primarily responsible for the accel-
eration of rebar corrosion. As a rule total chloride content above 400 ppm 
and water soluble content above 200 ppm are considered as the levels 
where concern about rebar corrosion rate starts. 

The first step in solving a corrosion problem is to identify the root cause, 
mechanism and rate. This can be done by measurement of the surround-
ing environment (pH and chloride concentration) visual inspection (pit-
ting or uniform), and rate (half-cell potential, polarization resistance and 
coupons). Inspection to determine the amount of metal loss is also done to 
determine if the structure is beyond the point of being saved even if the 
rate of corrosion is reduced. 

The presence of corrosion in the selected structures was initially deter-
mined by observing the presence of concrete spalls and corroded rebar. 
The following properties were tested to evaluate the status of the rebar 
corrosion rate and cause of corrosion before treatment. Further details on 
the tests and analysis of the data performed by Elzly Technical Corp. are 
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contained in Appendix C. Testing of the culverts and ring girder were also 
performed before and after application of the treatments by Bushman & 
Associates. Their data and analysis are presented in Appendix D. 

• pH of cement at the rebar level 
• total and water-soluble chloride content in cement at the rebar level 
• corrosion current and rate measured in micrometers of steel loss per 

year (to calculate an average corrosion rate) 
• half cell potential 
• concrete resistance or conductivity 

The concrete pH at the rebar level was found to be reduced from 13 to 11 
owing to penetration of atmospheric CO2 and other acidic materials in the 
environment (i.e., carbonation). The total chloride content of the concrete 
surrounding the rebar on all structures was measured and found to be less 
then 50 parts per million (ppm). The rebar corrosion rate was measured 
using a Galvapulse instrument, which measures the corrosion rate of steel 
rebar using galvanic current. The corrosion rate was found to be elevated 
only when the concrete was wet.  

These analytical results demonstrated that the corrosion was due to the 
reduction in concrete pH below the point where it will inhibit rebar corro-
sion, and that it was primarily taking place when the concrete was wet or 
damp due to rain or high humidity. Chloride content was not found to be a 
factor in the corrosion. These results indicated that inhibitors of both the 
anodic and cathodic types would work on these structures. 

One structure selected for demonstration of the technologies was Building 
306, a warehouse located at Naha Military Port. Two equal-size portions of 
a ring girder in area A of the building were designated for treatment, posi-
tioned on opposite sides of the darker column shown near the center of 
Figure 2.1. Side 1 was designated for application of the Surtreat corrosion 
inhibitor system, and side 2 was designated for application of the NASA-
developed LGC. Figure 2.2 shows the condition of side 2 of the ring girder 
before treatment. 

The other structures selected were two culverts supporting a vehicle road-
way at the Kuwae tank farm. Culvert 2 is shown in Figure 2.3 and culvert 3 
is shown in Figure 2.4 
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Figure 2.1. Building 306 warehouse, inside ring girder, side 1 (left) and side 2 (right). 

 
Figure 2.2. Building 306 warehouse, northeast wall, inside ring girder side 2. 
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Figure 2.3. Tank farm culvert 2, all concrete surfaces. 

 
Figure 2.4. Tank farm culvert 3, vertical concrete support components. 
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2.2 Demonstration structure surface preparation 

2.2.1 Building 306, section A ring girder, sides 1 and 2 

As the deterioration process had been an ongoing problem within the 
structural components and the walls of Building 306 several attempts at 
repair had previously been made. These included concrete patching, coat-
ing and painting. To produce a workable surface for the Surtreat system 
and the LGC, previous repair materials and coatings had to be removed. 
The selected method was mechanical grinding using diamond abrasives 
and demolition of old repairs by chipping with electric chipping tools. Sur-
face of the girder to be repaired was also sounded for signs of new delami-
nations. All new delamination areas were also demolished. As per concern 
expressed during original inspection with the members of ERDC-CERL, 
the paint covering the girder was also inspected for signs of lead. 

The girder surface was cleaned of paint and debris, dust-free and solid 
with no additional delaminations sounded prior to application of the sys-
tems.  

Rebar exposed during demolition was cleaned with an electric wire wheel 
tool to comply with the requirements for installation of a rust converter 
direct-contact corrosion inhibitor for steel. 

To satisfy health and environmental concerns, the selected equipment had 
to produce the least amount of dust to accommodate the indoor location of 
the work areas. 

2.2.2 Tank farm culverts 2 and 3 

Inspection showed that application and prospective repair areas on both 
culverts 2 and 3 were relatively clean. Minor repairs noted on the surface 
of culvert 3 were judged to be new and therefore left in place. Culvert 2 
had no visible repairs with only delaminated areas exposing corroded re-
bar. Only minor chipping was necessary to square the repair areas on cul-
vert 2. 

Rebar exposed during demolition was cleaned with an electric wire wheel 
tool, and a direct-contact corrosion inhibitor for steel was applied. 
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Both culverts had significant surface contamination from being periodi-
cally immersed in spillway water runoff. It was necessary to remove the 
surface contamination and miscellaneous algae growth and debris prior to 
application of the Surtreat corrosion-inhibitor system. Pressure washing 
was selected as the safest method to clean the work areas on both culverts. 
It was decided not to use more harshly abrasive or chemical means of sur-
face cleaning in order to comply with the local environmental regulations. 

2.3 CPC technology application 

2.3.1 Building 306, ring girder side 1 (Surtreat) 

Based on the pre-specification inspection results it was established that 
the Surtreat components should be applied as follows: 

• After the demolition and cleaning, the rust converter direct-contact 
corrosion inhibitor was applied directly to the exposed rebar in the 
demolished delamination areas. 

• Organic vapor phase corrosion inhibitor was applied to all demolished 
delamination areas, followed as necessary by water spray to help pene-
tration and additional water cleaning when the prescribed rate was 
achieved. 

• Inorganic migratory corrosion inhibitor followed the application of the 
organic vapor phase corrosion inhibitor, and was also applied to all 
demolished delamination areas followed as necessary by water spray to 
help penetration and additional water cleaning when the prescribed 
rate was achieved. 

Additional thorough cleaning of repair areas was necessary following the 
organic vapor phase corrosion inhibitor and the inorganic migratory cor-
rosion inhibitor application and before placement of the concrete repairs. 
Additional preparations were made with regard to extra time and equip-
ment for this task. 

Concrete repairs were made following corrosion inhibitor system applica-
tion to the demolished delamination areas. Concrete mix was comprised of 
locally available masonry and contained a measure of polymer binder for 
better adhesion and strength. As the delaminated areas were fairly large 
(some up to 5 – 6 feet long on the girder edge), squaring and forming were 
necessary according to generally accepted construction practices. 
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Following placement of the repairs, new concrete was allowed to harden 
and cure sufficiently as to allow the forms to be removed. Following the 
removal of the form and visual inspection of the newly placed patches for 
quality, corrosion inhibitor system application continued. System applica-
tion was performed by a combination of hand pump chemical sprayer and 
brush as follows: 

• Organic vapor phase corrosion inhibitor was applied to the entire sur-
face of the girder, including the repaired areas. Multiple applications 
were made followed by intermittent water spray to inhibit surface dry-
ing and facilitate penetration. It was necessary to clean the surface 
thoroughly with water prior to continuing with inorganic migratory 
corrosion inhibitor application. 

• Inorganic migratory corrosion inhibitor followed the organic vapor 
phase corrosion inhibitor and was also applied to the entire surface of 
the girder (“old” and “new”). Multiple applications were made followed 
by intermittent water spray to inhibit surface drying and facilitate 
penetration. It was necessary to clean the surface thoroughly with wa-
ter prior to continuing with application of the reactive silicone surface 
protection agent. 

• Reactive silicone surface protection agent followed the application of 
the migratory and vapor phase corrosion inhibitors and was uniformly 
sprayed on all treated surfaces. 

Surtreat system application was concluded by visually verifying that water 
would bead on all treated surfaces, as intended. More details of the inhibi-
tor application process and the data sheets on the inhibitors are presented 
in Appendix E. 

2.3.2 Building 306, ring girder side 2 (NASA LGC) 

Based on the specifications provided by the coating supplier, the NASA 
LGC was applied to clean concrete by spraying. 

Following demolition of the delaminated areas, repair areas were cleaned 
and patched with concrete. The concrete mix was comprised of locally 
available masonry and contained a measure of polymer binder for better 
adhesion and strength. As the delaminated areas were fairly large (some 
up to 5 – 6 feet long on the girder edge), squaring and forming according 
to generally accepted construction practices was necessary. During the re-
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pairs, wires were connected to the rebar to provide electrical connection 
between the embedded reinforcing steel and the galvanic coating. 

Following placement of the repairs new concrete was allowed to harden 
and cure sufficiently as to allow the forms to be removed. Following re-
moval of the forms, a visual inspection of the patches was performed to 
assure that quality repairs had been made. 

Before applying the coating, three titanium mesh strips were affixed to the 
surface of the girder with screws. The strips were run lengthwise and con-
nected to the wires previously connected to the embedded rebar, as de-
scribed above. An airless sprayer was used to apply the galvanic coating 
according to the manufacturer’s specifications. Two coats were necessary. 
Additional touchup was performed by brush. Paint was continuously agi-
tated in the container by mechanical means while spraying to prevent the 
settling of the metal paint components in order to ensure uniform distri-
bution and prevent sprayer clogging. 

The LGC application was finished when inspection showed that all con-
crete surfaces were uniformly covered. 

2.3.3 Tank farm culvert 2 (Surtreat) 

Based on the results of pre-specification inspection, the corrosion inhibitor 
system application method used for the Building 306 ring girder was 
judged to be appropriate for culvert 2. Therefore, the same basic proce-
dures were used for surface preparation and application of the Surtreat 
system. All spraying was accomplished by a combination of an electrical 
pump and lance or a hand pump chemical sprayer. Caution was taken to 
apply materials to designated areas only and to avoid overspray or spillage 
in order to comply with local environmental regulations. 

2.3.4 Tank farm culvert 3 (Surtreat without organic vapor phase) 

The organic vapor phase was not used on culvert 3. Only the following two 
agents were applied. 

• Inorganic migratory corrosion inhibitor was applied to all vertical sup-
port structures following water jet cleaning. Application was by spray-
ing from a hand pump chemical sprayer. 
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• Reactive silicone surface protection agent followed the application of 
migratory corrosion inhibitors and was uniformly sprayed on all 
treated surfaces. 

Corrosion inhibitor system application concluded with visually verifying 
that the desired effect of “water beading” had been achieved on all treated 
surfaces. 

2.4 Post-application quality assurance 

2.4.1 Building 306 ring girder 

In addition to visual evaluation and inspection, the quality of repairs, the 
performance of the surface applied corrosion inhibitor system and the liq-
uid galvanic coating was verified by specific testing. 

The tests performed at Building 306 Section A Ring Girder Side 1 (Surtreat 
system) and 2 (LGC) were corrosion – Galvapulse ® method and water 
permeability (GWT method). A detailed description of how these tests are 
performed and interpreted is in Appendix F. 

In addition to the methods described above, the performance of the LGC 
was evaluated by employing various electrochemical methods. These 
methods are described in Appendix C. (Elzly report) 

2.4.2 Tank farm culvert 2 

In addition to visual evaluation and inspection, the quality of repairs and 
the performance of the surface applied corrosion inhibitors was verified by 
specific testing. Corrosion rate tests were made with the Galvapulse in-
strument and the GWT water permeability method. 

2.5 Performance monitoring 

2.5.1 Application quality 

Quality control was performed by the onsite Surtreat personnel, Army lo-
cal support and engineering staff, Elzly Technology Corporation, represen-
tatives of ERDC-CERL, and other government agencies present during 
testing. 
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2.5.2 Corrosion-inhibiting performance 

The corrosion inhibiting performance was measured relative to the effect 
of the treatments on the rebar corrosion rate and water permeability of the 
structure treated. Corrosion inhibiting performance was determined by 
measuring the rebar corrosion rate before and after application of the in-
hibitor systems. The corrosion rate was determined by measuring the cor-
rosion current over a known area of rebar by the galvanic linear polariza-
tion method using the Galvapulse instrument. For the areas receiving the 
Surtreat technology, the corrosion current was measured in micro amps 
per centimeter squared of rebar surface (μA/cm2) and was converted to a 
corrosion rate measurement in micrometers of rebar steel loss per year 
(μm/year). The LGC-treated parts required other techniques to determine 
the corrosion rate reduction, as discussed in Appendix C. 

Water permeability was measured using a pressure cell attached to the 
surface of the concrete. The rate of water penetration was measured at 1 – 
2 atmospheres of hydrostatic pressure, and is reported in units/second 
that can be converted into the water flux rate. After the treatment by the 
LGC, water permeability was not measured because the surface was effec-
tively impermeable to fluids and the Rilem test could not be used effec-
tively, as discussed in Appendix C. 
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3 Discussion 

3.1 Metrics 

Several tests were performed prior to establishing the proper rebar corro-
sion inhibitor application. These tests established the status of the con-
crete, rebar corrosion rate as well as the cause of the corrosion. Following 
application of the inhibitor and application of the LGC more tests were 
performed to evaluate the effectiveness of the two corrosion control tech-
niques. The tests performed include the following: 

• Galvapulse® — determines corrosion rate of rebar 
• GWT(Germann’s Water permeation Test) — evaluates water perme-

ability of concrete 
• Rainbow pH — determines concrete pH at the surface of concrete 
• Rebound hammer — estimates compressive strength of concrete 
• Rapid Chloride Test — determines chloride content of concrete 
• Multimeter — used with various shunt resistances to measure the cur-

rent flow from the sacrificial coating to the rebar 
• Rilem Tube — used to evaluate material permeability to water 
• Chloride content analysis by wet chemistry on powdered samples taken 

from structure. 

3.2 Results 

3.2.1 Building 306 ring girder 

Ring girder side 1 (Surtreat) 

The following average corrosion rates were measured on ring girder side 1 
(Surtreat system). See Appendix C for more detail.  

Before inhibitor After inhibitor Reduction % 
61.4 µm/year 24.3µm/year 60 (82) 

Based on the analysis of these results, it was surmised that the structure 
initially could have expected corrosion damage on nearly 70% of the struc-
ture in 2 – 10 years without treatment. Subsequent to treatment, no corro-
sion damage is expected in half of the structure, and the majority of the 
remaining structure has corrosion damage possible in 10 – 15 years. By 
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this analysis it seems reasonable to conclude that the inhibited treatment 
application has extended the service life of the structure by at least 10 
years. 

Water permeability change/reduction at hydrostatic pressure of 1.5 bar 
expressed as rate is as follows: 

Before inhibitor After inhibitor Change % 
ml/sec ml/sec 
0.14 0.015 89.3 

This corresponds to a flux of 3.91 x 10-4 mm/s at 1.5 bar approximately an 
order of magnitude lower than before the inhibitor application. 

Ring girder side 2 

The following average corrosion rates were measured on ring girder side 2 
(LGC). They were calculated, described, and graphically presented in the 
contractor report. See Appendix C for more detail.  

Before galvanic coating After galvanic coating Reduction % 
234.5 µm/year 190.3 µm/year 19 

The sacrificial coating system interferes with the Galva Pulse measure-
ment. It was therefore hard to quantitatively determine the impact on the 
corrosion rate. Tests performed with a digital multimeter and various 
shunt resistances indicated effective cathodic protection was occurring.  

Several water transmission tests were performed before the application of 
the galvanic coating. As the coating forms a barrier to water, it was not 
deemed appropriate to repeat these measurements after the coating appli-
cation. For the description and location of the original test and test area, 
see Appendix C. 

Based on the tests performed, the data quantitatively shows that the corro-
sion inhibitor application has significantly reduced the corrosion of the re-
inforcing steel. Based on the short term data collected, it can be projected 
that the service life has been extended by more than 10 years.  

The galvanic coating appears to be providing some protection to the rein-
forcing steel. Due to the difficulty in quantifying the change in corrosion 
rate, it is also difficult to quantify the extent to which it will extend the ser-
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vice life of the structure. More can be learned through periodic surveys of 
its performance in the coming years. 

3.2.2 Tank farm, culvert 2 

The following corrosion rates were averaged from three separate test areas 
located on vertical support components of culvert 2. They were calculated, 
described, interpreted and graphically presented in the contractor report. 
See Appendix C for more detail.  
 

Before inhibitor After inhibitor Reduction % 
37.4 µM/year 13.1µM/year 65 

Based on the contractor’s analysis, the structure initially could have ex-
pected corrosion damage on over 50% of the structure in 2 – 10 years 
without treatment. Subsequent to treatment, no corrosion damage is ex-
pected on 40% of the structure, and the majority of the remaining struc-
ture has corrosion damage possible in 10 – 15 years. By this analysis it 
seems reasonable to conclude that the inhibited treatment application has 
extended the service life of the structure by at least 10 years. 

Water permeability was measured successfully “before and after” at two 
locations on vertical support components of culvert 2: 

Water permeability change/reduction at hydrostatic pressure of 1 bar ex-
pressed as rate is shown in Table 3.1 

Table 3.1. Water permeability at culvert 2. 

Location 
Area 

Before inhibitor 
ml/sec 

After inhibitor 
ml/sec 

Change % Corresponds to a flux of 

A 0.054  0.014  74.1 3.69 x 10¯4 mm/s at 1 bar. 

C 0.095  0.006  93.7 1.74 x 10¯4 mm/s at 1 bar. 

 

3.3 Lessons learned 

A repair method should be selected to complement the pacifying action of 
the corrosion inhibitor system and address the causes of the corrosion to 
the greatest extent feasible. 
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Corrosion inhibitors are generally applied to clean concrete surfaces and 
allowed to penetrate and dry. The allocated time and rate are usually a 
function of the ambient environment and manufacturers recommenda-
tions for installation of the particular brand or product. Therefore, the 
climate and environment the application is used in has to be considered 
prior to application. 

Repairs are normally completed along with the inhibitor application. 
Therefore, the repairs need to be scheduled to coincide with application. 

Other activities can occur that affect the inhibitors overall effectiveness. 
During this demonstration repairs were made to the concrete which used 
patching materials that tested as exhibiting increased corrosion rates from 
the original concrete. 

It was difficult to use the Galvapulse method to determine the corrosion 
rate on the LGC coating as the titanium mesh distorted readings. Also, a 
short within the system also disrupted readings. Verification of the flow of 
a current into the girder by the cathodic system had to be made using a 
digital multimeter and various shunt resistances.  

Rilem water tubes will not seal well to a coated surface, and it was difficult 
to perform the water permeability test following treatment of the struc-
tures. 

During this test it was found that the locally procured patch material ex-
hibited higher corrosion rates than the surrounding concrete. The reason 
for this should be investigated and evaluated to determine if the patch ma-
terial is a potential problem. 

During initial testing to evaluate the status of the concrete and rebar in the 
wall ring girders, it was found that the corrosion was related to water in-
gress either through the block wall or from the roof. It was suggested that 
if the root cause of this water ingress could be determined and corrected 
that alone would greatly decrease the rate of rebar corrosion that was be-
ing exhibited and would probably have applicability to other buildings in 
Okinawa. On a follow-up trip to Okinawa, it was ascertained that the pitch 
mastic on the asphalt roof had severe alligator cracking. At the west end of 
the roof, on the perimeter curb, just above the wall where Surtreat had 
identified the apparent water intrusion, the asphalt roofing had several 
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openings. There were a few tears and separations between the plies, where 
the mastic had failed. These defects would most likely be the source of wa-
ter penetrating through the flashing and down along the walls, especially 
in a severe rain shower. The discovery of this source of water intrusion has 
prompted the inspection of another similar roof for the same problem and 
plans are being developed for remedial actions. By performing the initial 
testing to determine the root cause of corrosion you are performing tests 
that determine what the true cause of corrosion is so that it can be prop-
erly fixed. These causes could be maintenance problems, such as a roof 
leak, in which case the chemical corrosion inhibitors would not fix the cor-
rosion problem by themselves. It can also lead to the identification of other 
maintenance or design deficiencies that apply to other structures.  
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4 Economic Summary 

4.1 Method 

Funding amounts ($K) 

Funding Source OSD Service Matching 
Labor 290 300 
Materials 120 120 
Travel 40 40 
Report 30 30 
Air Force/Navy Participation 10 — 
TOTAL ($K) 490 490 

Return-On-Investment (ROI) computation method 

Useful life savings (ULS) is equal to the “Net Present Value (NPV) of Bene-
fits and Savings” calculated from the Spreadsheet shown in Appendix 1 
that is based on Appendix B of OMB Circular A94. 

ULS= $ 12,637K (from OMB Spreadsheet in Appendix 1. Assumptions for 
this calculation are also given in Appendix 1). 

Project cost (PC) is shown as “Investment Required” in OMB Spreadsheet 
in Appendix 1; PC= $980K. 

ULS   $12,637K 
ROI = ------------ = ---------------- = 12.9 

PC    $980K 

4.2 Assumptions 

Alternative 1. The existing bridge will need maintenance from year 1 to 
year 13 at a cost of $40K to $52K. The bridge will be replaced in year 14 at 
a cost of $30.5M. The new bridge will utilize the galvanic protection com-
pound described herein at a materials cost of $240K. The total cost will be 
$30.74M in year 14, as shown under Baseline Costs in the ROI spreadsheet 
(Table 4.1). Additional costs of $54K, will be incurred from year 1 to year 
13 due to increased travel time and delays in fuel service operations to 



ERDC/CERL TR-09-27 20 

 

which the bridge provides access, while portions of the bridge are shut 
down for maintenance, as shown Table 4.1 under New System Bene-
fits/Savings. 

Alternative 2. Applying the galvanic protection compound to the bridge 
deck to protect the rebar from corrosion at an investment of $980K, re-
sults in life extension of the bridge, as well as reduced maintenance. The 
galvanic protection system will require annual operation and maintenance 
costs of $15K, shown under New System Costs in the ROI Spreadsheet for 
years 1 to year 13. The additional costs due to bridge downtime will be 
avoided. After Year 14, the maintenance costs are the same, so no further 
analysis is needed. Comparing the two alternatives, the return-on-
investment for Alternative 2 is 12.9. 

Table 4.1. ROI calculation spreadsheet. 
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5 Conclusions and Recommendations 

5.1 Conclusions 

The data obtained during testing on this project show quantitatively that 
the corrosion inhibitor application significantly reduced the corrosion rate 
of the rebar on the tested structures. It can be projected that the service 
life of these structures has been extended by more than 10 years based on 
the short term data collected during this project. 

The galvanic coating appears to be providing protection to the rebar, but a 
problem has arisen in obtaining exact measurements for the corrosion rate 
because of the short in the rebar system and the water ingress from out-
side roof problems. Consequently, it is difficult to quantify the extent of 
protection or how much the service life has been impacted. Further moni-
toring and evaluation should be performed to quantify the extent of pro-
tection given by this system. 

The results of this project have shown how analysis to determine the root 
cause of a corrosion problem along with the use of migratory chemical in-
hibitors and galvanic sacrificial coatings can be used to increase the prob-
ability of obtaining improved corrosion control and therefore increased 
service life of concrete structures. 

There will always be exceptions to the positive performance of any corro-
sion solution, such as the level of chloride content in the concrete above 
which present chemical inhibitors fail to work. Identifying such limitations 
will prevent the unsuccessful use of corrosion inhibitors. 

5.2 Recommendations 

5.2.1 Applicability 

A standardized approach should be established for solving concrete corro-
sion problems encountered on structures. This would include a chemical 
and physical analysis to establish the root causes of the corrosion problem 
and the application of a combination of proven corrosion control systems. 
This would avoid the spending of large sums on simple repair of corrosion 
symptoms (delamination and spalling) and extensive and often unneces-
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sary use of paints and coatings on concrete, when the root cause is com-
monly due to chemical problems (low pH, high chloride, etc.) that can only 
be solved by chemical means such as inhibitor use. Incorporating the ana-
lytical and corrosion control technologies used in this project as a standard 
procedure can decrease cost and increase benefit from corrosion damage 
remediation projects. 

Continue to use the corrosion inhibitor technology to protect reinforcing 
steel from corrosion. Specifically, potentially high ROI projects in different 
environments should be identified and the corrosion inhibitors be further 
demonstrated to validate the impact the inhibitors have on the rebar cor-
rosion rate and life extension of the structures. (Currently this inhibitor 
system does not work well on concretes containing chloride contents of 
above 3,000 ppm.) 

5.2.2 Implementation 

Recommended language for a draft Unified Facilities Guide Specification 
(UFGS) is presented in Appendix G.  
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Appendix A: Robins AFB B-1 Beddown and 
Seymour Johnson Project Reports 
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Appendix B: Detailed Description of 
Technology Application Procedure 

Preliminary condition testing 

To establish proper corrosion inhibitor selection a battery of field tests 
were performed in January 2007. This data was used to anticipate time 
and material required to properly restore the concrete and install the in-
hibitor protection system. The following tests were performed at Naha 
Port and Kuwae tank farm: 

• ring girder — corrosion rate and compressive strength (Building 306) 
• culvert 2 — water permeability, corrosion rate, pH, compressive 

strength, and chloride content (Kuwae Tank Farm) 
• culvert 3 — visual observation (Kuwae Tank Farm). 

These tests were performed to establish concrete and rebar condition but 
not as a baseline reference for future evaluation. 

Building 306 ring girder 

Corrosion rate test 

 
 

Corrosion testing showed average corrosion rate of 10 µM/year, confirm-
ing the presence of corrosion in addition to the apparent symptoms like 
delamination at rebar level, spalling and surface rust stains. The test was 
carried out using Germann Instruments Galvapulse® method. 
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Compressive strength test 

Compressive strength testing showed an average of approximately 3,000 
psi using rebound hammer. 

 
 

Kuwae culvert 2 

Water permeability test 

Water permeability showed permeability of 3.6 ml/min at a constant pres-
sure of 1.5 bar (~22 psi.). This value can be described as above average. 
The test was conducted using GWT® method and Germann Instruments 
static pressure cell. 
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Corrosion rate test 

Corrosion rate was measured at three locations on bridge supports. Tests 
were conducted using the Germann Instruments Galvapulse® method. 
Test area A showed the average corrosion rate of 34 µM/year; test area B 
showed the average corrosion rate of 35 µM/year; and test area C showed 
the average corrosion rate of 38 µM/year Based on these findings condi-
tion of the embedded steel bar can be described as corrosive. 

 
 

pH test 

Concrete pH was measured using Rainbow pH Indicator® and showed 
loss of concrete pH at the surface. Tests were performed in two locations, 
and returned similar results. 
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Compressive strength test 

Rebound hammer was used to estimate compressive strength at approxi-
mately 4,000 psi. Tests were conducted in two locations and returned 
similar results. 

 
 

Chloride content 

Samples were collected at the two pH test site locations and evaluated us-
ing the RCT® (Rapid Chloride Test) method. The test found negligible 
chloride presence in the test samples. 
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Kuwae culvert 3 

No tests were performed on culvert 3. Based on visual inspection, culvert 3 
was assumed to be similar to culvert 2 in all respects that would affect cor-
rosion prevention and control treatments. 

Application of CPC technologies 

Naha Military Port, Building 306, section A, ring girder sides 1 and 2 

Surface preparation 

Scaffolding was brought in and constructed to facilitate work in Building 
306 Naha Military Port. 

 
 

Existing coatings were checked for lead before they were removed. Red 
coloring on the detection swab would have indicated the presence of lead. 
The indicator turned yellow, however, meaning that no lead was present.  
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Coatings were removed using a grinder with a dust-collection system. 

 
 

Failed existing repairs and new delaminated areas were demolished. 

 
 

Concrete repair 

Exposed rebar in repair areas was cleaned by using wire wheel. 
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Rust Converter direct contact corrosion inhibitor was applied to the ex-
posed rebar in demolished repair areas. 

 
 

Organic vapor phase corrosion inhibitor and inorganic migratory corro-
sion inhibitor were applied to the demolished repair areas in sequence fol-
lowed by intermittent water spray and additional washing following the 
application. A hand pump was used to facilitate application. 
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Electrical connections to the rebar were made to facilitate future testing as 
well as to assure proper installation and performance of the LGC on Side 2 
of the Ring Girder. 

 
 

Concrete was mixed from local masonry with polymer added for improved 
strength and durability. 
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Repair areas were primed prior to concrete placement. 

 
 

Concrete repairs were placed and finished in accordance with generally 
accepted construction practices in all locations on the ring girder side 1 
(Surtreat system) and 2 (LGC) 
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An example of concrete repairs to ring girder side 1 is shown below. 

 
 

An example of concrete repairs to ring girder side 2 is shown below.. 
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Corrosion inhibitor system application to ring girder side 1 

Organic vapor phase corrosion inhibitor and inorganic migratory corro-
sion inhibitor were applied in sequence to all newly placed and remaining 
concrete surfaces on Side 1 of the Ring Girder. 

 
 

Reactive silicone surface protection agent was applied to all newly placed 
and remaining concrete surfaces on Side 1 of the Ring Girder. 
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LGC application to ring girder side 2 

Installation of the titanium mesh component of the LGC. 

 
 

Appearance of the Ring Girder Side 2 prior to application of the LGC. 
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Equipment and components were assembled and the surface prepared for 
application of the LGC to side 2 of the ring girder. 

 
 

Following spray application, touch-up performed by brush. 
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Appearance of the Ring Girder Side 2 immediately following application of 
the LGC. 

 
 

Finished appearance of the Ring Girder Side 2 following application of the 
LGC. 
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Kuwae Tank Farm culverts 2 and 3 

Surface preparation 

Equipment and water delivery assembled at Kuwae Tank Farm Culvert 2. 

 
 

All exposed concrete surfaces were pressure washed on Culvert 2. Vertical 
support structure was pressure washed on Culvert 3. 
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Contrast between the clean and contaminated concrete surface (Culvert 2) 

 
 

Deterioration and spalling pattern common to Culvert 2. 

 
 

BEFORE 

AFTER 
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Concrete repair 

All repair areas were “squared” and patched using locally manufactured 
overhead mortar. 

 
 

Corrosion inhibitor application 

Organic vapor phase corrosion inhibitor was applied using an electric 
pump with lance followed by intermittent water spray to prevent drying 
and facilitate penetration (Culvert 2). 
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Several days passed between applications of organic vapor phase corrosion 
inhibitor and inorganic migratory corrosion inhibitor. 

 
 

Inorganic migratory corrosion inhibitor was applied using an electric 
pump with lance followed by intermittent water spray to prevent drying 
and facilitate penetration (Culvert 2). 
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Culvert 2 appearance immediately following corrosion inhibitor system 
application. 

 
 

Inorganic migratory corrosion inhibitor was applied using a hand pump 
with sprayer followed by intermittent water spray to prevent drying and 
facilitate penetration (Culvert 3). 
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Reactive silicone surface protection agent was applied to all exposed con-
crete surfaces of Culvert 2 using a hand pump sprayer. 

 
 

Reactive silicone surface protection agent was applied to all vertical sup-
port components of Culvert 3 using a hand pump sprayer. 

 
 

Follow-up testing 

Naha Military Port, Building 306, section A, ring girder sides 1 and 2 

Initial testing (before repairs and corrosion mitigation) was performed in 
January 2007. Follow-up testing was performed in July 2007. The follow-
up testing followed the exact pattern of initial testing with all the points 
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laid out precisely as they were for the “before” corrosion testing. The exact 
same locations were used for the “before and after” water permeability 
testing. 

Corrosion testing using Galvapulse® method. Sections of both sides of the 
Ring Girder were tested before and after corrosion mitigating components 
were applied/installed (Naha Military port Building 306 Ring Girder Sides 
1 and 2.) 

 
 

Water Permeability testing using the GWT method. Both sides of the 
girder were tested “before and after”. 
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Galvapulse® Psion unit. 

 
 

The points on the grid established during initial testing match exactly the 
points of the follow-up testing. The photograph also shows where the 
measurements were influenced by additional wire inside the repair in-
stalled to hold the patch in place during curing. During initial testing some 
of the repair areas could not be tested due to spalling. 
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A digital multi-meter and various shunt resistances were used to measure 
the current flow from the sacrificial coating to the reinforcing steel On Side 
2 of the Building 306 Ring girder (LGC). 

 
 

Coating was removed in selected locations to allow the follow-up testing 
for Ring Girder Side 2 - LGC. 
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Potential measurements of the sacrificial coating and the reinforcing steel 
were also made. 

 
 

Culvert 2 

Initial testing (before repairs and corrosion mitigation) was performed in 
January 2007. Follow-up testing was performed in July 2007.  

The follow-up testing followed the exact pattern of initial testing with all 
the points laid out precisely as they were for the “before” corrosion testing. 
The exact same locations were used for the “before and after” water per-
meability testing. 
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Water Permeability testing using the GWT method (Kuwae TF Culvert 2). 

 
 

Corrosion testing using Galvapulse® method (Kuwae TF Culvert 2) 
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It was also noted during the follow-up corrosion testing on Culvert 2 that 
the measurements on the repair material used for patching were higher. 
Further investigation showed that the mortar contained additives that in-
terfere with the reading. 
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Appendix C: Elzly Final Report 
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Appendix D: Bushman & Associates Contract 
Report 

 
 



ERDC/CERL TR-09-27 D2 

 

 
 



ERDC/CERL TR-09-27 D3 

 

 
 



ERDC/CERL TR-09-27 D4 

 

 
 



ERDC/CERL TR-09-27 D5 

 

 
 



ERDC/CERL TR-09-27 D6 

 

 
 



ERDC/CERL TR-09-27 D7 

 

 
 



ERDC/CERL TR-09-27 D8 

 

 
 



ERDC/CERL TR-09-27 D9 

 

 
 



ERDC/CERL TR-09-27 D10 

 

 
 



ERDC/CERL TR-09-27 D11 

 

 
 



ERDC/CERL TR-09-27 D12 

 

 
 



ERDC/CERL TR-09-27 D13 

 

 
 



ERDC/CERL TR-09-27 D14 

 

 
 



ERDC/CERL TR-09-27 D15 

 

 
 



ERDC/CERL TR-09-27 D16 

 

 
 



ERDC/CERL TR-09-27 D17 

 

 
 



ERDC/CERL TR-09-27 D18 

 

 
 



ERDC/CERL TR-09-27 D19 

 

 
 



ERDC/CERL TR-09-27 D20 

 

 
 



ERDC/CERL TR-09-27 D21 

 

 
 



ERDC/CERL TR-09-27 D22 

 

 
 



ERDC/CERL TR-09-27 D23 

 

 
 



ERDC/CERL TR-09-27 D24 

 

 
 



ERDC/CERL TR-09-27 D25 

 

 
 



ERDC/CERL TR-09-27 D26 

 

 
 



ERDC/CERL TR-09-27 D27 

 

 
 

 

 



ERDC/CERL TR-09-27 E1 

 

Appendix E: Corrosion Inhibitor Application 
Process and Product Data Sheets 

The corrosion inhibitors are applied to existing concrete structures from 
water solution and water extended formulations. The liquid inhibitor for-
mulations, inorganic migratory corrosion inhibitor and organic vapor 
phase corrosion inhibitor, are applied to the concrete surface and allowed 
to penetrate into the surface pores in the liquid phase. Multiple applica-
tions are made followed by water to drive the active ingredients into the 
concrete micro pore (gel pores) structure. This is referred to as the inocu-
lation phase. 

The inorganic migratory corrosion inhibitor active ingredients, silicate 
ions, migrate into the concrete in the water film along the walls of the ce-
ment gel pores. Depending on the structure of the silicate ion clusters they 
may react with the cement to reduce porosity, increase strength, improve 
alkalinity and reduce chemical reactivity. A high percentage of the silicate 
ions in inorganic migratory corrosion inhibitor migrate to the rebar level 
where they react with the primary oxide film on the rebar to increase resis-
tance to further corrosion.  

The organic vapor phase corrosion inhibitor active ingredient is an organic 
amine salt that migrates through the gel pores in the vapor phase. It will 
not react with the cement and reaches the rebar level where it both reacts 
with the primary oxide film to give anodic inhibition and forms a film on 
the rebar to insulate it from air and water giving cathodic inhibition. 

These two processes are called the migration and reaction phases. For re-
bar at a depth of one inch it normally takes about 30 days for sufficient 
corrosion inhibitor to reach the rebar level in order to measure a decrease 
in corrosion rate. 

The amount of corrosion inhibitor formulation required and applied will 
depend on the level of chloride content, pH, rebar depth and concrete po-
rosity. 
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Appendix F: Technical Information on 
Galvapulse and GWT Metrics Technologies 
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Appendix G: Suggested Implementation 
Guidance 

Proposed Draft for UNIFIED FACILITIES GUIDE SPECIFICATION 

SECTION TABLE OF CONTENTS 

Division Concrete 

PENETRATING CORROSION INHIBITOR SYSTEM FOR STEEL 
REINFORCED CONCRETE 

 02/08 

PART 1 GENERAL 

1.1  References 
1.2  Submittals 
1.3  Quality Assurance 

1.3.1 Qualifications 
1.3.2 Performance Requirements 
1.3.3 Evidence of Acceptable Requirements 

1.4  Regulatory Requirements 
1.4.1 Environmental Protection 

1.5  Delivery, Storage and Handling 
1.6  Safety Methods 
1.7  Environmental Conditions 

1.7.1 Weather and Substrate Conditions 
1.8  Equipment, Tools and Machines 
1.9 Sequencing and Scheduling 

1.9.1 Surface Preparation 
1.9.2 Surface Repair 
1.9.3 Pre-Application Testing 

a. Rebar Corrosion Rate 
 b. Cement Chloride Content 

 c. Concrete Water Penetration Rate 
d. Concrete Strength 

1.9.4 Pre-Application Planning 
a. Product Selection 
b. Application Method 
c. Application Rate 

1.9.5 Corrosion Inhibitor Application 
1.9.6 Post Application Testing 
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a. Rebar Corrosion Rate 
b. Concrete Water Penetration Rate 
c. Concrete Strength 

PART 2 PRODUCTS 

2.1 Penetrating Vapor Phase Corrosion Inhibitors 
2.2 Penetrating Ionic phase Corrosion Inhibitors 

PART 3 EXECUTION 

3.1 Application of Vapor Phase Corrosion Inhibitor 
3.2 Application of Ionic Phase Corrosion Inhibitor 
3.3 Application of Vapor Phase and Ionic Phase Corrosion Inhibitors 

in Combination 
3.4 Application of Surface Coatings 

3.4.1 Protective and Finish Coatings 
a. Water Repellents 

 b. Protective and Decorative Coatings 

 

5.2.2.1 UNIFIED FACILITIES GUIDE SPECIFICATION 

Section Concrete 

PENETRATING CORROSION INHIBITOR SYSTEM FOR STEEL 
REINFORCED CONCRETE 

02/08 

This guide specification covers the requirements for the application of 
corrosion inhibitors to the surface of in-place reinforced concrete struc-
tures. The inhibitors migrate in either the vapor or ionic phases to the re-
bar level where they inhibit steel corrosion, and are designed to reduce 
concrete porosity and increase concrete strength. 

The specification may be modified to meet specific project conditions to 
the extent that such modifications do not reduce corrosion inhibitor per-
formance. 

 Prior to starting work on a project this entire specification must be read 
and a project specific work plan prepared following all elements of the 
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guide. Any deviations must meet the requirements of acceptable variation. 
Application and testing equipment should be identified and acquired. Pre-
application testing must be conducted as part of the work plan preparation 
so that the required amount of corrosion inhibitor and the application 
procedure can be identified based on the rebar corrosion rate, and the 
concrete chloride content, pH and porosity. 

PART 1 GENERAL 

1.1 References 
The publications and reports listed below form a part of this specifica-

tion to the extent referenced. The publications are referred to within the 
text by the basic designation. 

AASHTO T-260 Sampling and Testing For Chloride Ion In Concrete And 
Concrete Raw Materials 

ASTM C900-99 Standard Test Method for Pull-Out Strength of Hardened 
Concrete 

ASTM C805 Schmidt Hammer Standard Test Method for Rebound Num-
ber of Hardened Concrete 

ASTM C-876 Standard Test Method for Half-Cell Potential of Uncoated 
Reinforcing Steel in Concrete 

Gulvapulse Corrosion rate Data Detection Reference Equipment Guide 
and Specifications from Germann Instruments, Evanston, Illinois 

GWT Water Permeability Reference Equipment Guide and Specifications 
from Germann Instruments, Evanston, Illinois. 

pH Rainbow Indicator pH/Carbonation Profile Indicator Reference 
Equipment Guide and Specifications from Germann Instruments, Evans-
ton, Illinois 

1.2 Submittals 
 The following submittals should be requested from contractors and prod-
uct suppliers to confirm competence and experience to perform project 
objectives. 
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• Product Data Sheets 
• Test Reports 

-Corrosion Inhibitor Performance 
-Concrete Porosity Reduction Performance 
-Concrete Strength Increase performance 

• Certificates 
-Manufacturers Qualifications 
-Applicators Qualifications 
-Evidence of Acceptable Variation 
-Warranty 

• Manufacturers Instructions 
-Application Instructions 
-Material Safety Data Sheets 

1.3  Quality Assurance 
1.3.1 Qualifications 

The contractor retained to apply the penetrating corrosion inhibi-
tors must document prior experience on projects where both vapor 
and ionic phase corrosion inhibitors were applied to vertical and hori-
zontal concrete surfaces and before and after corrosion rate testing 
was performed and documented to verify that the application was 
successful in penetrating sufficient inhibitor to the rebar level to re-
duce the corrosion rate by at least a factor of two. 

If the contractor does not have this experience over at least a 5-year 
period they must retain the services of a consultant who has the re-
quired experience to supervise on site the pre-application testing, the 
application of the corrosion inhibitors and the post application testing 
to verify performance. 

1.3.2 Performance Requirements 
 Corrosion inhibitor performance must be verified by before and after 
application corrosion rate measurements. This also includes other 
performance objectives such as porosity reduction and concrete 
strength increase if these are made part of the project. In general the 
corrosion rate should be reduced by a factor of 2 times and porosity 
by 80% of the original rate and concrete strength increased by 500 psi 
based on relative compressive strength. 
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1.3.3 Evidence Of Acceptable Variation 
 If there are any variations from this specification documentation 
must be presented to verify that the variation will not result in a less 
than acceptable result. 

1.4  Regulatory Requirements 
1.4.1 Environmental Protection 
 Product MSDS must be acquired from product supplier and adminis-
trative steps taken to be in compliance with all requirements as re-
lated to the specific project conditions. If there are any exceptions to 
be made they must be approved by the product supplier. 

1.5 Delivery And Storage 
 Corrosion inhibitor products must be delivered in sealed and properly 
labeled containers. Products must be stored and handled in accordance 
with manufacturer’s instructions. If no instructions are received the 
contractor must require submittal before payment is made. 

1.6 Safety Methods 
 Safety methods employed on project must be in compliance with all 
OSHA standards for personal protection and include the required record 
keeping and training. 

1.7 Environmental Conditions 
1.7.1 Weather and Substrate Condition 
 If a project is being performed outdoors the present and forecasted 
weather conditions must be considered. Spray application is not ad-
vised in windy conditions. Brush or roller applications methods 
should be used. Do not apply if rain is expected during the application 
process. Since all of the corrosion inhibitor must penetrate during ap-
plication there is no concern about rain occurring a few hours after 
application is completed. 

 Substrate temperature must be considered since a high rate of solvent 
carrier evaporation can lead to excess inhibitor remaining on the con-
crete surface. Surface temperatures below 35F and above 100F should 
be avoided in order to have optimum conditions for inhibitor penetra-
tion into the concrete surface. 



ERDC/CERL TR-09-27 G6 

 

1.8 Equipment, Tools And Machines 
A spray bar attached to a mobile tank can be used for application to 

large flat surfaces. Power fed rollers and spray systems can be used for 
vertical and overhead surfaces. For small areas garden type spray tanks 
can be used. 

 It is useful to have brooms, squeegees and brushes available to control 
the flow and position of liquid corrosion inhibitors on the concrete sur-
face. 

 Both types of corrosion inhibitors can be applied using the same 
equipment. 

 Devices that allow the use of pressure to force the inhibitor products 
into the concrete surface are recommended for use on vertical and over-
head surfaces. The use of pressure injection will enable application of 
the desired amount of inhibitor in one pass while multiple applications 
cycles will be needed if a simple spray system is used. 

1.9 Sequencing And Scheduling 

1.9.1 Surface Preparation 
 The first step after setting up at the project site is to prepare the con-
crete surface for repair and corrosion inhibitor application. All coat-
ings and other substances that could interfere with inhibitor penetra-
tion must be removed. Removal methods should be selected that are 
best suited for the material and work location. Delaminated concrete 
should be removed and the damaged areas and cracks prepared for 
repair and sealing in accordance with specified procedures. 

1.9.2 Surface Repair 
Damaged concrete areas and cracks should be repaired following 

procedures as specified by the Project Engineer. 

1.9.3 Pre-Application Testing 

a. Rebar Corrosion Rate 
The base line rebar corrosion rate is measured in a manner 

that will allow for measurements to be made after inhibitor ap-
plication under the same conditions and at the same locations to 
determine the extent of corrosion rate reduction. 
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There are a number of methods for measuring corrosion rate 
and/or half-cell potential. The sources of technical information 
for these methods and standards are in Section 1.1 References. 
The following procedure is recommended for rapidly making 
multiple measurements that can be used to document the 
change in rebar corrosion rate. 

During the surface preparation stage when rebar may be ex-
posed prior to performing repair work a wire should be attached 
to the rebar and brought out from the repair surface for use in 
grounding a corrosion rate measuring instrument. If no exposed 
rebar is available the concrete surface must be opened to extent 
necessary to locate a rebar section that is electrically connected 
to the rebar mat and to which a ground wire can be attached. 

 A corrosion rate-measuring device should be obtained such as 
the Galvapulse instrument (Section 1.1) that can measure rebar 
corrosion rate by polarization resistance along with half-cell po-
tential. Rebar position is located using a rebar finder and a test 
matrix is marked out on the concrete surface next to a ground 
wire. For each treated area it is recommended that at least 25 
measurement points over a rebar section be made. At least two 
separate areas should be selected for a measurement matrix. 
The specific conditions of concrete moisture content and tem-
perature should be recorded for future reference. Corrosion rate 
is reported in micro amps per square centimeters of rebar sur-
face in the test (uA/cm2) or micrometers of steel loss per year 
(uM/yr). Half-cell potential can also be measured, but only cor-
rosion rate is used to measure performance. 

b. Cement Chloride Content 
 A sample of the sand /cement phase (no coarse aggregate) of the 
concrete is taken at the first rebar level. Sample acquisition and 
chloride ion measurement should be performed in accordance with 
ASHTO and ASTM methods (see Section 1.1). Chloride content is 
considered to determine the amount of corrosion inhibitor that 
must be applied to the concrete. Chloride content typically ranges 
from 50 to 1000ppm. Prior experience has shown that at total chlo-
ride levels above 3000ppm that the probability of a corrosion in-
hibitor giving a significant reduction in corrosion rate is low. It is 
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recommended that at high chloride levels a pre-project test applica-
tion be made to ensure performance. 

c. Cement pH 
 The pH of fresh concrete (cement mix, no additives) is between 12 
to 13. As concrete ages the pH drops due to carbonation. At a pH 
less than 11.5 the cement alkalinity no longer inhibits rebar corro-
sion in the presence of air and water. 

 pH is measured from the concrete surface to the first rebar level. It 
is recommended that a small core be taken and coated with a mixed 
pH indictor dye (see Section 1.1).  

d. Water Penetration Rate 
 The water penetration rate is useful information, as it relates to 
concrete porosity and the ease with which the corrosion inhibitors 
will penetrate the concrete surface. Also it will be useful to deter-
mine the extent to which the ionic phase corrosion inhibitor re-
duced the cement porosity. 

 Water penetration rate can be measured at atmospheric (Rilem 
Tube method) and elevated pressure (GWT (Section 1.1) instru-
ment). Details on the water penetration measurement methods and 
devices are in Section 1.1. Penetration rate measurements should be 
made in at least two areas. 

e. Concrete Strength 
 Concrete strength improvement is a secondary benefit that can be 
observed by using an ionic phase type of corrosion inhibitor. Since 
the concrete strength increase occurs in the first 2 inches of con-
crete surface it is recommended that the Capo Pull Out method 
(Section 1.1) be used. Measurements should be made in at least 2 
areas. 

1.9.4 Pre-Application Planning 
When the pre-application testing is completed the results are used to 
prepare a specific corrosion inhibitor application plan that includes 
product selection, application rate and method. When preparing the 
plan the following factors need to consider. 

• Average corrosion rate based on all data points 
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• The cement chloride ion concentration 
• Cement pH 
• Concrete porosity 
• Rebar depth 
• Concrete structure configuration 

 The final application plan should be presented and reviewed with the 
customer or project engineer for comments and approval. 

1.9.5 Corrosion Inhibitor Application 
 The selected corrosion inhibitors are applied in accordance with the 
application plan. If both the vapor and ionic phase inhibitors are ap-
plied the vapor phase is applied first. At least 1 day should be allowed 
for the formulation solvent to evaporate before applying the ionic 
phase inhibitor. 

The quantity of inhibitor delivered to the concrete surface should be 
monitored and recorded. The loss of inhibitor due to running or drip-
ping from the surface should be avoided. If there is any loss, an ap-
propriate amount of additional inhibitor should be added. 

On completion of inhibitor application the concrete surface should 
be inspected to make sure that all inhibitor has penetrated the con-
crete surface. 

 In some instances the ionic phase inhibitor will purge contaminants 
from the concrete such as oil and salt. If these appear on the concrete 
surface they should be removed to the extent possible. 

1.9.6  Post Application Testing 
 A period of at least 60 days should be allowed after completion of 
corrosion inhibitor application before performing tests. This will allow 
time for the inhibitors active ingredients to migrate and react at the 
rebar level and for the ingredients in the ionic inhibitor to react with 
the cement to reduce porosity and increase strength. 

a. Rebar Corrosion Rate 
 Using the same instrument and measurement matrix make cor-
rosion rate measurements. The corrosion rate data collected be-
fore and after application are compared to determine the extent 
of corrosion rate reduction. This can be done by calculating the 
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average of all rates and comparing the difference in terms of 
percent or degree of reduction. Based on prior comparative test 
data the change should be at least 200% of a factor of 2 times 
less corrosion. 

b. Water Penetration Rate 
Repeat the same water penetration rate measurement on the 

same spot and record the difference in the before and after ap-
plication rates. It is anticipated that the after application rate 
should be 80% less if the proper ionic inhibitor was applied. 

c. Concrete Strength 
 The same strength test should be repeated on the concrete surface 
next to the spot where the pre-application test was run. The differ-
ence in relative strength is reported in lbs/ft2 and should be at least 
500psi if the proper ionic inhibitor was applied. 

PART 2 PRODUCTS 

There are two types of penetrating corrosion inhibitors that have been 
verified for inhibiting corrosion of reinforced concrete rebar. They differ 
by the nature of their chemical structure (organic and inorganic) their 
mode of migration (vapor and ionic phase) and mode of corrosion inhibi-
tion (film forming and chemical combination). Both penetrate and migrate 
through the cement micro pores (gel pores).  

 These inhibitors can be used alone or in combination. If used in combina-
tion the vapor phase one is applied first. They can also be used in combi-
nation with cathodic protection coatings, water repellents and barrier 
coatings to further increase corrosion protection. 

 2.1 Penetrating Vapor Phase Corrosion Inhibitor 

 Vapor phase inhibitors migrate in the gas phase through the cement gel 
pores and form a corrosion inhibiting film on the rebar surface. They are 
typically organic amine salts or amino alcohols dissolved in a water based 
formulation.  
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 2.2 Penetrating Ionic Phase Corrosion Inhibitors 

 Ionic phase inhibitors are inorganic compounds that migrate in the ionic 
phase along the walls of the cement gel pores and then react with the pri-
mary oxide film on the rebar surface to form a chemical combination that 
significantly increases the stability of the primary oxide or passivating 
film. They are primarily composed of compounds containing silicate and 
nitrite ions. 

 Two secondary benefits can be derived from the use of penetrating ionic 
phase corrosion inhibitors. They are concrete porosity reduction and 
strength increase. While these are secondary to corrosion control these 
two properties can be specified as an additional performance benefit. 

PART 3 EXECUTION 

3.1 Application Of Vapor Phase Corrosion Inhibitors 
The selected vapor phase corrosion inhibitor should be applied at 

the prescribed application rate and by the selected method. Special 
application instructions should be followed as stated in the manufac-
turer’s technical data sheet as well as the instructions cited in this 
guide. 

In all cases it is important to verify that the prescribed amount of 
inhibitor has penetrated the concrete surface. Prior experience has 
taught that multiple applications are usually required. 

3.2 Application of Ionic Phase Corrosion Inhibitor 
The selected ionic phase corrosion inhibitor should be applied at 

the prescribed application rate by the selected application method. 
Special instructions should be followed as stated in the manufacturers 
technical data sheet as well as the instructions cited in this guide. 

In all cases it is important to verify that the prescribed amount of 
inhibitor has penetrated the concrete surface. Prior experience has 
taught that multiple applications are usually required. 

 It has been observed that the ionic phase inhibitors have the capacity 
to purge contaminants from the concrete. These should not be con-
fused with inhibitor left on the surface and can be removed if neces-
sary by any appropriate method. 
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3.3 Application Of Vapor and Ionic Phase Corrosion Inhibitors In 
Combination 

 If both the vapor phase and ionic phase inhibitors are used together 
the vapor phase inhibitor is applied first. At least 1 (one) day is al-
lowed to pass before the ionic phase inhibitor is applied to allow time 
for the formulation solvents to evaporate.  

The same application instruction should be followed as given in the 
guide for the individual inhibitors. It is recommended that both in-
hibitors be used; since the combination will yield a higher and longer 
lasting level of rebar corrosion inhibition. 

3.4 Application Of Surface Coatings 
 The concrete surface must be inspected and cleaned if necessary to 
make sure that there are no residues on the surface if a surface coating 
that produces a bonded film is applied on top of the corrosion inhibi-
tors. The surface can be cleaned of residues by the use of pressure wa-
ter washing. 

3.4.1 Protective And Finish Coatings 
a. Water Repellents 

Silane and siloxane type of water repellents can be applied 
on top of both vapor and ionic phase corrosion inhibitors. 
This is done to furnish another degree of corrosion protec-
tion by reducing the concrete moisture content. Application 
is made following the manufacturer’s instructions. 

b. Protective And Decorative Coatings 
Paint type film forming and cement topcoats can be applied 
on top of both vapor and ionic phase corrosion inhibitors. It 
is necessary to inspect and prepare the concrete surface to 
insure that there are no residues on the surface. 

The coatings are applied in accordance with the manufac-
turer’s instructions. 
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Appendix H: Contractor Planning and Safety 
Documents 
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Appendix I: Project Management Plan for CPC 
Project FAR-16 
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