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Abstract 

Military installations and bases maintain virtually countless facilities with 
concrete floors, such as warehouses, vehicle garages, and aircraft mainte-
nance facilities. Because concrete is a porous material, it can prematurely 
deteriorate due to the intrusion of moisture, lubricants, and other contam-
inants in combination with mechanical stresses imposed by heavy equip-
ment traffic. This project demonstrated and validated the performance 
characteristics of a high-performance sealant system designed to toughen 
concrete floor surfaces in order to reduce material degradation due to 
heavy use. This report describes a study undertaken to assess the capabili-
ties and advantages of a high performance floor-sealant system to protect 
and improve the service life of concrete floors. The project demonstrated 
that military installations can reduce maintenance costs for concrete floors 
by providing a durable, penetrating surface sealant that toughens the con-
crete to resist material degradation. 

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 

Military installations and bases maintain virtually countless facilities with 
concrete floors, such as warehouses, vehicle garages, and aircraft mainte-
nance facilities. Because concrete is a porous material, it can prematurely 
deteriorate due to the intrusion of moisture, lubricants, and other contam-
inants in combination with mechanical stresses imposed by heavy equip-
ment traffic. The Department of Defense Corrosion Prevention and 
Control Program (CPC) sponsored a project to demonstrate and validate 
the performance characteristics and economics of a high-performance 
penetrating sealant system designed to toughen concrete floor surfaces. 
The project objectives were to (1) demonstrate and validate the ability of 
the subject sealant system to reduce the degradation of concrete floors in 
military maintenance facilities and (2) perform an economic analysis of 
technology application to determine the return on investment (ROI) ratio 
as compared with conventional concrete floor surface treatments. 

The demonstration was performed at Hunter Army Airfield, GA, in a vehi-
cle and equipment maintenance facility where epoxy-based floor coatings 
were deteriorated and debonding. Application required no specialized 
techniques, only following industry-standard practices and manufacturer’s 
specifications for surface preparation, application, and cure time. 

Based on the results of quarterly onsite inspections, coupon stain and deg-
radation tests, and interviews with building maintenance personnel, the 
demonstrated sealant system provided superior performance compared 
with the conventional epoxy-based floor coating previously used at the test 
site. The surface finish did not peel or chip, and was resistant (but not im-
pervious) to staining by lubricants and chemicals. Treated floors were eas-
ier to clean than the standard finish when stains were removed promptly, 
and the sealant system did not reduce traction on floors despite the glossy 
finish appearance. The only problems reported by maintenance personnel 
were related to crack repairs and rubber joint seals that were incidental to 
the project and not caused by the sealant application. 

The ROI for the CPC project was calculated to be 0.46 for two applications 
over 30 years. In a real-world application research-project costs would not 
apply, so the ROI could increase to 2.62 over 30 years. 
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Unit Conversion Factors 

Multiply By To Obtain 

feet 0.3048 meters 

mils 0.0254 millimeters 
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1 Introduction 

1.1 Problem statement 

This project addresses a military facility corrosion problem ranked among 
the top 25 most costly to the Department of Defense (DoD): vehicle 
maintenance shops and hangars categorized under Facility Analysis Codes 
2111, 2112, and 2141 (Herzberg et al. 2007). These facilities and others typ-
ically have concrete floors that are subject to loads, impacts, abrasion, and 
exposure to water, lubricants, and other chemical contaminants. Epoxy-
based floor-coating materials are typically selected for treating concrete 
floors in these types of buildings. Clear sealers provide a protective, clean-
able surface with a finished appearance. Pigmented epoxy-based paints are 
used to improve floor appearance and to reflect light from indoor fixtures 
and improve workspace illumination. One problem with epoxy-based floor 
sealers is that they become hazardously slippery when wet. Another prob-
lem is that the material is brittle, and easily chipped or cracked under the 
stress of dropped objects such as hand tools. Chips and cracks create in-
cursion paths for liquids and other contaminants, which can result in 
large-scale peeling of the coating from the concrete substrate. As the coat-
ing becomes compromised, liquids, lubricants, and chemical contaminants 
such as road salts can permeate the porous concrete, permanently damag-
ing and degrading the floor. Therefore, once epoxy-based coatings begin to 
chip and peel, their initial protective and cosmetic advantages are lost. 

The proposed improvement to standard epoxy floor sealants is a commer-
cially available two-part sealant system that densifies the concrete surface 
to improve wear resistance and impermeability to liquids and contami-
nants. The product selected for demonstration and validation in this DoD 
Corrosion Prevention and Control (CPC) project is called the Pentra Pro-
tective Coating System, which the manufacturer describes as a “hybrid in-
organic/organic Nano-Lithium”* topcoat finish and surface hardener.” The 
manufacturer claims a number of advantages offered by this sealant sys-
tem in relation to typical epoxy floor sealants and paints (see section 2.1). 

                                                                 

* Pentra and Nano-Lithium are trademarks of Convergent Concrete Technologies, West Orem, UT. 
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1.2 Objectives 

The objectives of this project were to (1) demonstrate and validate the abil-
ity of the subject sealant system to reduce the degradation of concrete 
floors in military maintenance facilities and (2) perform an economic 
analysis of technology application to determine the return on investment 
ratio as compared with conventional concrete floor surface treatments. 

1.3 Approach 

The selected demonstration facility was Building 8005 at Hunter Army 
Airfield, GA. The building is a vehicle and ground-support equipment 
maintenance facility in which the epoxy-based floor coatings were deterio-
rated and debonding in many locations. Mission activities impose high 
wear requirements and exposure to numerous contaminants that can de-
grade the condition of concrete. Some floors had been coated several times 
with an epoxy paint system that was in a deteriorated condition. Other 
floors in Building 8005 had been covered with epoxy sealer, sheet vinyl, or 
vinyl tile, and these finishes had to be removed before application of the 
demonstrated sealant system. 

Industry-standard practices were followed to prepare the floors and treat 
them with the demonstrated sealant system, with careful attention to the 
product manufacturer’s instructions for surface preparation, coating ap-
plication, and cure time. 
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2 Technical Investigation 

2.1 Technology overview 

The Pentra Protective Coating System, consisting of the products Pentra-
Sil® 244+ and Pentra Guard® (HP), is a water-based lithium silicate for-
mulation specified by the manufacturer for interior or exterior industrial 
applications. According to the manufacturer, the reactive chemistry of the 
coating system forms an insoluble permanent bond with concrete surfaces 
and rapidly cures, drying to touch in 30 – 60 minutes into a 2 – 3 mil film. 
The sealing mechanism is described as a series of chemical reactions re-
sulting in total cross-linking, reinforcing, and sealing of the surface 
through a durable chemical bond with the substrate. The Material Safety 
Data Sheets (MSDS) for both system components are reproduced in Ap-
pendix A. 

The purpose of demonstrating this sealant system is to assess its ability to 
reduce DoD costs of maintaining, repairing, and replacing concrete floors 
and their finishes. According to the manufacturer, the two materials com-
prising the sealant system react to harden, seal and densify concrete floor 
surfaces, providing a treatment that outperforms epoxy-based coatings. 
Furthermore, the manufacturer claims that this sealant system simplifies 
and shortens floor cleaning requirements by reducing the occurrence of 
rubber scuffs and stains, and also provides a surface that can be simply 
cleaned with water. It is claimed that the sealant system also is resistant to 
bacteria penetration, which has positive implications for indoor environ-
mental quality. 

2.2 Field work 

The previous paint on the maintenance bay floors was an epoxy-based 
coating that was deteriorating. The appearance of the floor was poor due 
to peeling, chipping, and staining. Because of the light color of the floor, 
frequent cleaning was necessary. In addition to the maintenance bays 
(Figure 1 and Figure 2), a tool room (Figure 3), office (Figure 4), training 
room (Figure 5), and hallways (Figure 6) were also included in this 
demonstration. The training room and hallways were covered with two 
layers of vinyl tile that had to be removed. 
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Figure 1. Maintenance bays in Building 8005. 

 

Figure 2. Condition of epoxy-coated maintenance bay floors before project. 
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Figure 3. Tool room floor. 

 

Figure 4. Office floor. 
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Figure 5. Training room floor. 

 

Figure 6. Hall floor. 

 

The vehicle maintenance bays and two support offices had floors coated 
with an epoxy paint system. The paint first had to be removed mechanical-
ly using a planetary grinder with 30 grit abrasives. Figure 7 and Figure 8 
show the paint removal equipment being used in the vehicle maintenance 
bays. The asphalt tile in the hallways and office spaces was removed with a 
reciprocating chisel and scraper (Figure 9).  
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Upon completing the coating installation as described in sections 2.2 and 
2.3, all waste products were determined to be non- hazardous and disposal 
was accomplished by a licensed contractor in an approved landfill. All ex-
cess materials were removed from Hunter AAF.  

Figure 7. Planetary grinder removing paint. 

 

Figure 8. Vehicle maintenance bays. 
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Figure 9. Chisel removal of floor tile 

 

Once the floor coverings were removed and before final grinding and seal-
ing were started, the area was inspected, documented and photographed 
for the general state of the substrate as well as for any imperfections such 
as spalls, divots and cracks. Several imperfections needed to be repaired 
before surface preparation for the sealant application. A self-leveling 
patching cement called Rapid Set TRU* was used to fill minor spalls, div-
ots, and hairline cracks. The concrete throughout the facility was in good 
condition, so only a few minor repairs were required. Where walls re-
quired protection during surface preparation and sealant application, plas-
tic sheeting was used to cover the walls at least 36 in. high. This protection 
was mainly needed in the hallway and offices. 

The floor was prepared by grinding the concrete floor surface with plane-
tary grinders, utilizing incrementally finer abrasives at each stage. The sur-
face sheen of the floor depends on the grade of the abrasive and the level of 
workmanship. Grinding began with a coarse 50 grit abrasive followed by 
100 and 200 grit. After treatment with the 50 grit abrasive, other flaws in 
the concrete were repaired with the patching cement described above.  

                                                                 

* Rapid Set and TRU are registered trademarks of CTS Cement, Cypress, CA. 
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After the floors were successively ground with 100 and 200 grit abrasives 
(Figure 10), Pentra-Sil® 244+ was applied manually using a standard 
floor mop (Figure 11). Excess liquid was removed with a wet vacuum 
(Figure 11) to prevent it from drying and compromising the quality of the 
final finish. 

Figure 10. Floor after grinding with 200 grit abrasive. 

 

Figure 11. Application of Pentra-Sil® 244+. 
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While the bulk of the floor was prepared as described for application of the 
Pentra-Sil® 244+, many areas of the floor were not accessible for use of 
the planetary grinders. Where the floor was uneven, close to walls, or 
where access was restricted by permanent fixtures, hand grinders had to 
be used for surface preparation (Figure 12 and Figure 13). The process is 
the same as with the planetary grinders and the grades of abrasive used 
are the same.  

Figure 12. Hand grinding in close quarters. 

 

Figure 13. Uneven floor area ground by hand. 
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Once the Pentra-Sil® 244+ was applied and allowed to dry for an hour, 
the final grinding and polishing steps were accomplished. The floors were 
polished successively with 400 and 800 grit abrasives to achieve a highly 
polished finish (Figure 14). Then the floor was thoroughly cleaned before 
application of the second material, Pentra Guard® (HP). This sealant is 
applied using a mop with a flat head and microfiber pad to facilitate even 
application (Figure 15). After drying, the sealant was burnished with a 
1,500 grit diamond abrasive buffing pad (Figure 16).  

Figure 14. Finish grind with 800 grit abrasive. 

 

Figure 15. Application of Pentra Guard® (HP). 
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Figure 16. Final burnishing of sealant topcoat with 1,500 grit abrasive pad. 

 

The final step in the maintenance bay application was to remove the exist-
ing seals from the construction joints in the floor and reseal them using a 
product called Ardex Ardiseal Rapid Joint Seal* (Figure 17). The old seals 
were difficult to remove, and the contractor had trouble removing the old 
material to the depth specified for new joint material.  

The floors of the hallway, interior offices, and training room were finished 
in the same manner, but in addition a staining dye was applied to the floor 
surface for decorative effect. This stain was applied with a hand pump 
sprayer after the floors had been ground with the 200 grit abrasive and be-
fore application of the first sealant component (Pentra-Sil® 244+). That 
material was applied after the stain had dried.  

                                                                 

* Ardex Americas, Aliquippa, PA. 
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Figure 17. Application of joint sealer. 

 

The completed floors had an appearance and quality that facility personnel 
judged to be attractive (Figure 18–Figure 20). 

Figure 18. Far-end completed vehicle maintenance bay. 
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Figure 19. Completed hallway showing concrete with applied stain. 

 

Figure 20. Completed training room showing concrete with applied stain. 

 

2.3 Monitoring and testing 

To evaluate the performance of the floor sealant system it was monitored 
for one year. The site was visited at 3, 6, 9, and 12 months after installa-
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tion. Evaluators looked at each floor’s finish and physical condition, and 
asked building users for their impressions of the sealant system’s perfor-
mance, especially with regard to ease of cleaning and maintenance.  

In addition, a material test specimen was created to evaluate the floor 
sealant system against extended exposure to materials used in the vehicle 
maintenance facility. The test specimen was a 3 x 3 ft slab of newly poured 
concrete that was allowed to cure for 7 days. The slab was ground accord-
ing to the same process used on the floors and treated with the Pentra-
Sil® 244+and Pentra Guard® (HP) in the same way as the floor of Build-
ing 8005. The slab was later cut into for four parts to allow for handling 
and transport to the testing location at Mandaree Enterprise Corp. (MEC), 
Warner Robins, GA. In testing, the panel was exposed to a variety of con-
taminants, as described in section 3.2.5. 

Gloss measurements on floors and test coupons were made as described in 
Chapter 3 under “Metrics.” 
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3 Discussion 

3.1 Metrics 

Evaluators compared floor conditions at 0, 3, 6, 9, and 12 months to the 
pre-demonstration condition of the floors. They interviewed building users 
to document their impressions of the rehabilitated floor surfaces.  

Gloss readings were measured using a Rhopoint Novo-Gloss 60* meter. 
Gloss units are as defined by the following standard:  

• ISO 2813, Paints and Varnishes — Determination of Gloss Value at 
20°, 60° and 85° 

• TAPPI T480, Specular Gloss of Paper and Paperboard at 75 Degrees 

Measurements were made according to the gloss meter manual at an inci-
dent angle of 60 degrees. 

Slip-resistance data from friction tests provided by the manufacturer (Ap-
pendix C) were reviewed and verified against field observations.  

Resistance to staining and contamination was evaluated by exposing con-
crete test coupons to a list of potential contaminants developed in coordi-
nation with the building occupants. As noted in section 2.3, this testing 
was performed at the MEC facility. A 10 ml sample of each identified con-
taminant (Table 1) was applied to the surface within a specified quadrant, 
covered by a watch glass, and left in place for 1 week (Figure 21). The sur-
faces of all four coupons were then cleaned with two different off-the-shelf 
cleaning products typically used to clean concrete floors. Each quadrant 
was visually examined and photographed to identify any deterioration 
caused by the exposure.  

The number of gloss readings at the 6 and 12 month inspection times were 
more than at other times, due to limitations from ongoing operations in 
the facility. To determine penetration and wear, gloss and color readings 
were measured in accordance with the following standards:  

                                                                 

* Rhopoint Instruments, St. Leonards-on-Sea, East Sussex, TN38 9AG, UK. 
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• ASTM E308, Standard Practice for Computing the Colors of Objects 
by Using the CIE System 

• ASTM E1164, Standard Practice for Obtaining Spectrometric Data for 
Object-Color Evaluation 

Figure 21. Initial application of test materials. 
 

 

Table 1. Test chemicals. 
National Item 

Identification Number Part Number / MIL-SPEC Description 
01-438-6079 MIL-PRF-2104H Engine Oil 15/40 
01-035-5393 MIL-PRF-2105 80W90 Gear Oil 
01-496-1948 MIL-PRF-2104G 10W Oil 
01-464-9137 A-A-52624 Type 1 Recycled Antifreeze 
01-197-7692 MIL-PRF-10924H GAA Grease 
01-102-9455 MIL-PRF-46176B Brake Fluid 
00-252-6383 MIL-PRF-5606H Hydraulic Fluid H515 
01-439-0681 110054 WD-40 CPC 
01-353-4799 Hydraulic Fluid ATF Dextron 6 

3.2 Results 

For this demonstration a schedule of inspections and observations was es-
tablished to assess sealant-system performance under conditions of nor-
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mal use. The application-process log (zero months) is shown in Appendix 
B. The sections that follow summarize results noted at 3, 6, 9, and 12 
months of use. 

3.2.1 Three-month inspection 

This inspection was performed in conjunction with a site visit scheduled 
by project team personnel to apply safety striping tape to vehicle bay 
floors. Stripes are needed around electrical junction boxes, which are in-
stalled in raised sections of the vehicle bay floor (Figure 22). Safety strip-
ing is normally painted on concrete floors, but tape was used because 
striping paint would not adhere to the sealed surfaces. At this same time, 
the treated floor surfaces were assessed, and no sealant deficiencies were 
noted.  

Figure 22. Safety striping tape marking junction boxes on floor. 
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There was, however, an issue with concrete-repair materials that had been 
applied to some large cracks before sealant application. The concrete re-
pair material showed signs of minor deterioration along some edges, but it 
was not related to the sealant application. The floors in the vehicle-
maintenance bays were in excellent condition and only showed tire marks. 
Facility personnel reported that spills of vehicle-maintenance fluids on the 
floor were easy to clean and did not leave any penetrating stains. 

3.2.2 Six-month inspection 

Overall, the floors appeared to be in excellent condition. Project personnel 
spoke with several of facility maintenance workers, and each one ex-
pressed satisfaction with the floor. The building users reported that the 
floor was easier and quicker to clean than it was previously. However, they 
did note that tire tread marks were difficult to remove from the surface. A 
few floor areas were stained with maintenance fluids, but building users 
stated that the fluids had not been cleaned from the floor promptly. There 
also were places in high-traffic areas where the joint-sealer material be-
tween floor slabs was beginning to curl at the edges. Bays 3 and 4 were 
used most often for vehicle maintenance, and the floors showed a duller 
finish than other demonstration floors. By comparison, gloss measure-
ments were significantly higher in lower-traffic areas such as in Bay 2 (see 
Table 2). The buffer pads provided by the installer for maintenance did not 
restore the gloss in Bays 3 and 4 to the same level as immediately after 
sealant application.  

3.2.3 Nine-month inspection 

The floors continued to look good overall without much degradation since 
the previous assessment. Personnel continued to express satisfaction with 
the ease of cleaning the floors. However, some problems related to the 
concrete repairs and floor-joint seals in the maintenance bays were still 
evident. Also, repairs made to floor crack in the hallway continued to dete-
riorate. A patch applied to repair some spalled concrete on the mainte-
nance bay floor had come off. There was an area of deteriorated floor 
finish that appears to have been caused by a spill, and minor stains were 
noted in a few places. The overall floor appearance remained good (Figure 
23).  
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Figure 23. General floor condition at 9 months. 

 

3.2.4 Twelve-month inspection 

The floors continued to look good overall, with little degradation since the 
last assessment. Personnel were still satisfied with the ease with which the 
treated surfaces could be cleaned. At the time of this inspection, the facility 
was being used heavily and the floors in the maintenance bays were con-
siderably more soiled than in previous evaluations. There were still defi-
ciencies, as previously noted, mostly related to repairs made to the floor 
and the seals applied to the construction joints between floor slabs in the 
maintenance bays. In heavy-use areas, the floor was stained from spills of 
petroleum products. The floor crack repairs in the hallway continued to 
deteriorate (Figure 24), and this is considered by the building users to be 
the biggest issue with the demonstration project results. Although the floor 
in the vehicle maintenance bays were in use and had not been cleaned re-
cently, the Hunter personnel stated that they cleaned up fairly well with 
pressure washing and buffing. At 1 year after installation, the floor appear-
ance continued to remain good, overall. The sealant system has not 
chipped or scratched as the standard paint treatment does. It remains easy 
to clean, and it is reported to be less slippery than a painted floor (Figure 
25). 
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Figure 24. Repaired cracks, showing lighter areas of repair-material deterioration. 

 

Figure 25. Bay 4 floor surface area after 1 year of service. 
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3.2.5 Coupon test results 

The documentation of the coupon test results is located in Appendix D.  

After the first week of concentrated exposure of the coupons to the test 
chemicals, nearly all of the chemicals had penetrated into the concrete 
with the exception of A-A-5264 antifreeze, which had no effect on the 
treated concrete. The caustic Nu-Brite product had etched the concrete 
surface.  

The results after the second week of concentrated exposure were the same 
as the first, with increased absorption of the petroleum-based materials 
into the concrete and increased etching of the concrete by the Nu-Brite. 

3.2.6 Other system characteristics 

Hunter AAF personnel expressed concern that the sealed, unpainted floors 
would reduce available indoor light compared to when the floor surfaces 
were painted. particularly beneath vehicles. To evaluate this concern, 
comparative gloss measurements of the original and new floor surfaces 
were made. Table 2 shows the gloss meter readings of the initial painted 
floor and the Pentra-Sil® 244+and Pentra Guard® (HP) coated floor at 6 
and 12 months. The floor’s capacity for reflecting light was slightly higher 
when sealed with Pentra-Sil® 244+and Pentra Guard® (HP) than when 
painted. A gloss level of 10 to 25 units is considered an eggshell finish. 

Table 2. Gloss measurements (60 degree incident angle). 

 

Bay Initial
After 6 
months

After12 
months

1 13.1 11.4 19.6
2 23.1 17.6
3 15.1 13.8 16.8
4 15.0 11.7
1 9.9 9.2 12.4
2 21.7 13.6
3 6.4 14.3 15.3
4 9.0 19.2
2 20.6 20.0 18.4
3 10.7 12.1

East Side

West 
Side

Locker 
Area
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Another question about this floor sealant was whether it would make the 
floor slippery when wet. This question was not included for direct testing 
in the demonstration Scope of Work. However, the manufacturer provided 
the results of friction tests conducted on concrete treated with the demon-
strated system in accordance with ASTM C-1028-96 (Appendix C). Those 
results indicated that the slip coefficient of concrete is not significantly 
changed by the application of the sealant system. Subjective qualitative 
observations by site personnel supported this claim; users observed that 
the treated floor, despite its shiny appearance, provided better traction 
than concrete coated with the standard epoxy paint. 

The other question about the floor-sealant system was whether the shine 
of the floor would be distracting. Building users reported that the glossy 
appearance was acceptable.  

3.3 Lessons learned 

Because paints will not adhere to the demonstrated floor-sealant materi-
als, yellow/black safety striping tape must be applied instead of painting 
the stripes on the floor to keep vehicles away from floor-mounted electrical 
junctions and similar obstacles. 

Joint-sealer materials must be replaced or applied with care. In this pro-
ject, it was difficult to dig old sealer material out of the joints consistently 
deep enough to ensure good performance of replacement materials. It is 
important to provide clear requirements as part of any contracts involving 
joint-sealer replacement. 

As with joint sealers, crack repairs must be made with attention to detail. 
The edges of crack repairs did not hold up under use. The sealant system 
did not prevent these materials from chipping at the edges, but it should 
be noted that no floor sealant would be expected to prevent that sort of 
damage in a similar situation. The deterioration of the floor-crack repairs 
in the hallway were considered by the building users to be the main nega-
tive aspect of the project. 

An additional test of the typical exposure that results from spills and then 
cleaned up within an eight-hour period would have provided data on the 
real-world stain-resistance capabilities of the sealant system. Spilled pe-
troleum products are typically cleaned before a week passes, so the expo-
sure tests conducted for this project represented a worst-case scenario for 
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staining and chemical degradation versus a typical, everyday scenario. Af-
ter 12 months of service and constant spills of materials used in the vehicle 
maintenance bays, no stains were as severe as those seen in the test cou-
pons shown in Appendix D. Also, the bay floors were pressure washed 
while the test samples were hand washed, so a more rigorous exposure-
testing procedure might have been designed and executed.  
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4 Economic Summary 

4.1 Costs and assumptions 

The Pentra-Sil® 244+ and Pentra Guard® (HP) sealant system is more 
expensive to use than a conventional polymer-based epoxy system because 
of the additional cost of floor preparation. However, there is a lower 
maintenance cost for the Pentra-Sil® 244+ and Pentra Guard® (HP), giv-
ing this system a significant life-cycle cost benefit. 

Alternative 1 (Baseline Scenario). Recoating the floor area in Build-
ing 8005 with a standard epoxy system would cost $39,382 (materials 
$8,832, labor $30,550). The expected service life would be 5 years, based 
on the assumption that most coating-systems are have manufacturer war-
ranties of 5 – 10 years. Annual cleaning costs for the epoxy floor system 
are estimated at $12,000, based on 4 man-hours per week, 50 weeks per 
year, at a cost of $60 per man-hour. In Table 3, there is a recurring base-
line cost of $51,382 every fifth year, which covers both the reapplication of 
a new epoxy finish and the annual cleaning cost of $12,000. 

Alternative 2 (Demonstrated System). The costs for the Pentra-Sil® 
244+ and Pentra Guard® (HP) floor sealant system applied in Building 
8005 was $62,840 (materials $7,600, other costs $21,589, labor $33,651), 
and this cost included removal of the existing polymer-based epoxy coat-
ing. The full cost of this demonstration/validation project was $360,000. 
The cleaning cost is cut in half, requiring only 2 man-hours per week, so it 
amounts to $6,000. The service life of the sealed floor is assumed to be 15 
years. 

4.2 Projected return on investment (ROI) 

The net present value of the floor sealant system demonstrated in Building 
8005, including one reapplication and maintenance, is estimated to be 
$95,736 over 30 years. Using methods specified in Office of Management 
and Budget Circular No. A-94, the ROI ratio is 0.46 over 30 years (see Ta-
ble 3). However, in real-world applications in military facilities there will 
be no research-project costs to diminish the ROI, so the actual contract 
cost of $62,840 can be substituted into the calculation (Table 4), increas-
ing the ROI to 2.62 over the 30 year service life. 
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Table 3. ROI for Pentra-Sil® 244+ and Pentra Guard® CPC demonstration project. 

 

360,000

0.46 Percent 46%

95,736 260,292 164,556
A B C D E F G H

Future 
Year

Baseline 
Costs

Baseline 
Benefits / 
Savings

New 
System 
Costs

New 
System 

Benefits / 
Savings

Present 
Value of 

Costs

Present 
Value of 
Savings

Total 
Present 
Value

1 51,382 6,000 5,608 48,022 42,414
2 12,000 6,000 5,240 10,481 5,240
3 12,000 6,000 4,898 9,796 4,898
4 12,000 6,000 4,577 9,155 4,577
5 12,000 6,000 4,278 8,556 4,278
6 51,382 6,000 3,998 34,236 30,238
7 12,000 6,000 3,736 7,472 3,736
8 12,000 6,000 3,492 6,984 3,492
9 12,000 6,000 3,263 6,527 3,263

10 12,000 6,000 3,050 6,100 3,050
11 51,382 6,000 2,851 24,412 21,561
12 12,000 6,000 2,664 5,328 2,664
13 12,000 6,000 2,490 4,980 2,490
14 12,000 6,000 2,327 4,654 2,327
15 12,000 6,000 2,174 4,349 2,174
16 51,382 68,840 23,316 17,403 -5,913
17 12,000 6,000 1,900 3,799 1,900
18 12,000 6,000 1,775 3,551 1,775
19 12,000 6,000 1,659 3,318 1,659
20 12,000 6,000 1,550 3,101 1,550
21 51,382 6,000 1,449 12,409 10,960
22 12,000 6,000 1,354 2,708 1,354
23 12,000 6,000 1,265 2,531 1,265
24 12,000 6,000 1,183 2,365 1,183
25 12,000 6,000 1,105 2,210 1,105
26 51,382 6,000 1,033 8,848 7,815
27 12,000 6,000 965 1,931 965
28 12,000 6,000 902 1,805 902
29 12,000 6,000 844 1,687 844
30 12,000 6,000 788 1,577 788

Return on Investment Calculation

Investment Required

Return on Investment Ratio

Net Present Value of Costs and Benefits/Savings
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Table 4. ROI for Pentra-Sil® 244+ and Pentra Guard® excluding CPC project costs. 

 

62,840

2.62 Percent 262%

95,736 260,292 164,556
A B C D E F G H

Future 
Year

Baseline 
Costs

Baseline 
Benefits / 
Savings

New 
System 
Costs

New 
System 

Benefits / 
Savings

Present 
Value of 

Costs

Present 
Value of 
Savings

Total 
Present 
Value

1 51,382 6,000 5,608 48,022 42,414
2 12,000 6,000 5,240 10,481 5,240
3 12,000 6,000 4,898 9,796 4,898
4 12,000 6,000 4,577 9,155 4,577
5 12,000 6,000 4,278 8,556 4,278
6 51,382 6,000 3,998 34,236 30,238
7 12,000 6,000 3,736 7,472 3,736
8 12,000 6,000 3,492 6,984 3,492
9 12,000 6,000 3,263 6,527 3,263

10 12,000 6,000 3,050 6,100 3,050
11 51,382 6,000 2,851 24,412 21,561
12 12,000 6,000 2,664 5,328 2,664
13 12,000 6,000 2,490 4,980 2,490
14 12,000 6,000 2,327 4,654 2,327
15 12,000 6,000 2,174 4,349 2,174
16 51,382 68,840 23,316 17,403 -5,913
17 12,000 6,000 1,900 3,799 1,900
18 12,000 6,000 1,775 3,551 1,775
19 12,000 6,000 1,659 3,318 1,659
20 12,000 6,000 1,550 3,101 1,550
21 51,382 6,000 1,449 12,409 10,960
22 12,000 6,000 1,354 2,708 1,354
23 12,000 6,000 1,265 2,531 1,265
24 12,000 6,000 1,183 2,365 1,183
25 12,000 6,000 1,105 2,210 1,105
26 51,382 6,000 1,033 8,848 7,815
27 12,000 6,000 965 1,931 965
28 12,000 6,000 902 1,805 902
29 12,000 6,000 844 1,687 844
30 12,000 6,000 788 1,577 788

Return on Investment Calculation

Return on Investment Ratio

Investment Required

Net Present Value of Costs and Benefits/Savings
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5 Conclusions and Recommendations 

5.1 Conclusions 

The results of this demonstration/validation project indicate that the 
Pentra-Sil® 244+ and Pentra Guard® (HP) concrete-sealant system pro-
vided superior performance compared with typical epoxy-based coatings 
like those previously used in Building 8005 at Hunter Army Airfield. Be-
cause the sealant system penetrates properly prepared concrete, the mate-
rials do not peel or chip away from undamaged concrete. The sealant 
materials densify the concrete in the penetration zone, providing re-
sistance to typical types of abrasion in service. The demonstration validat-
ed that the coating system will reduce floor-maintenance requirements in 
utility and industrial facilities and provide performance and safety bene-
fits. 

Continued deterioration of floor crack repairs was noted through the 
twelve-month inspection (section 3.2.4), and this is considered by the 
building users to be the biggest issue with the demonstration project re-
sults. 

5.2 Recommendations 

5.2.1 Applicability 

The demonstrated technology may be used on concrete floors in high-
traffic vehicle garages, warehouses, workshops, and similar applications in 
military facilities. Caveats in section 3.3 pertaining to floor safety striping, 
joint sealers, crack repairs, and cleaning spills should be observed in order 
to obtain the best results. 

5.2.2 Implementation 

It is recommended that concrete sealant/densifier products such as the 
Pentra-Sil® 244+ and Pentra Guard® (HP) sealant system be considered 
for implementation as a treatment option for concrete floors in DoD utili-
ty-type buildings such as those listed in the previous paragraph.  

Only one portion of Unified Facilities Guide Specification (UFGS) Section 
09 67 23.13, “Standard Resinous Flooring,” seems potentially applicable to 
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promoting DoD-wide implementation. However, no language in the speci-
fication would apply to this sealant system. UFGS Section 03 35 00.00 10, 
“Concrete Finishing,” is a suitable specification document for incorporat-
ing guidance for the use of this type of system on new concrete floors. Uni-
fied Facilities Criteria (UFC) 3, Section 270-04, “Concrete Repair,” and 
UFC 3-320-06A, “Concrete Floor Slabs on Grade Subjected to Heavy 
Loads,” offer possible locations for incorporating criteria for using this 
type of product in DoD facility applications. 

A mechanism needs to be established to provide knowledge of these evalu-
ations and their benefit to those organizations that will be finishing or re-
finishing floors. Facility operators typically work within budget constraints 
that would prohibit the increased cost of installing this type of sealant sys-
tem in place of a conventional floor finish system. However, when long-
term maintenance-cost savings are accounted for, the subject floor sealant 
system offers modest cost benefits. Improved aesthetics are an additional 
benefit.  
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Appendix A: MSDS and Technical Data Sheet 
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Appendix B: Application-Process Log 

Date Inspection Notes 

1/15/2013 Contractor arrived and unloaded equipment.  

1/16/2013 Contractor began grinding for paint removal in maintenance bay and 
hand grinding areas not accessible by planetary grinder. All required 
PPE in use and all safety practices being followed. No repairs 
required to maintenance bay floors. 

1/17/2013 Contractor continued grinding for paint removal and began grinding 
concrete for surface preparation. All safety practices employed. 

1/18/2013 Dumpster arrived for waste disposal. Continued floor surface 
preparation in first two maintenance bays. No discrepancies noted. 

1/19/2013 Continued floor surface preparation in first two maintenance bays. 
No discrepancies noted. 

1/20/2013 Continued floor surface preparation in first two maintenance bays. 
Applied Pentra-Sil 244 to center maintenance bay. No discrepancies 
noted. 

1/21/2013 Continued floor surface preparation in second maintenance bay. 
Accomplished polish grind of center maintenance bay. No 
discrepancies noted. 

1/22/2013 Continued floor surface preparation in second maintenance bay and 
applied Pentra-Sil 244. Applied Pentra-Guard and buffed center 
maintenance bay. Began floor preparation in storage room and tool 
room. No discrepancies noted. 

1/23/2013 Continued floor surface preparation in storage room and tool room. 
Accomplished finish grind and applied Pentra-Guard and buffed 
second maintenance bay. Began floor tile removal in equipment 
room and hallway. Applied Pentra-Sil 244 to floors in storage room 
and tool room. Removed sealant from maintenance bay expansion 
joints. No discrepancies noted. 

1/24/2013 Applied sealant to maintenance bay expansion joints. Accomplished 
finish grind of floors in storage room and tool room. Continued floor 
tile removal in hallway and equipment room. No discrepancies 
noted. 

1/25/2013 Began initial grind of floor preparation in equipment room and 
followed by application colored concrete stain and then application 
of Pentra-Sil 244 to floor. Applied Pentra-Guard and buffed floors in, 
storage room, tool room, and equipment room. Repaired cracks in 
hall floor after all floor tile removed. No discrepancies noted. 
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Date Inspection Notes 

1/26/2013 Began initial grind of hall floor preparation followed by application of 
colored concrete stain. Applied Pentra-Guard and buffed floors in 
equipment room. Began grinding for coating removal of final 
maintenance bay. No discrepancies noted. 

1/28/2013 Applied Pentra-Sil 244 to hall floor and then did the polish grind. 
Applied Pentra-Guard and buffed hall floor. Began grinding for paint 
removal of final maintenance bay. No discrepancies noted. 

1/29/2013 Continued grinding for paint removal of final maintenance bay, 
difficulties in removing paint due to uneven floor. Began grinding for 
surface preparation in some areas of final maintenance bay. No 
discrepancies noted. 

1/30/2013 Continued grinding and preparation for final maintenance bay. Due 
to configuration, significant areas of this maintenance bay must be 
ground with hand grinders. No discrepancies noted. 

1/31/2013 Completed preparation grinding of final maintenance bay and 
applied Pentra-Sil 244. Began final polishing grind and applied 
Pentra-Guard then buffed. No discrepancies noted. 

2/1/2013 Applied sealant to final maintenance bay expansion joints and 
painted grounding points. Contractor began loading equipment for 
demobilizing and area clean up. Construction dumpster removed 
from site. Closed out meeting held with the government and no 
discrepancies requiring correction noted. 
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Appendix C: Coating Friction Test Results 

This series of tests was conducted by Convergent Concrete Technologies 
according to ASTM C-1028-96 guidelines. All samples had a machine 
trowel finish. The Pentra-Guard sample was also polished with diamond 
discs up to 1000 grit. Note that the testing personnel may not be inde-
pendent of the manufacturer. 

Results 

Dry untreated specimen = 0.710 
Wet untreated specimen = 0.480 
 
Pentra-sil treated specimen 
 
Dry =0 .770 
Wet =0 .470 
 
Pentra-sil 244+ treated specimen 
 
Dry =0 .731 
Wet =0.470 
 
Pentra-Guard treated specimen 
 
Dry = 0.690 
Wet = 0.360 

Interpretation 

The dynamics of friction on concrete are very complex. This testing can 
only be interpreted to mean that Pentra-sil products do not significantly 
alter the friction qualities of the surface they are applied to. All standard 
methods for accident prevention must be used in situations where slip and 
fall or traction concerns exist. 

Lee Barrus, Test Engineer 
Convergent Concrete Technologies 
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Appendix D: Exposure Test Results 

Table D1 lists the test chemicals used and which specimen sample each 
was exposed to each. Figure D1 through Figure D24 comprise a photo-
graphic record of the exposure test procedure. 

Table D1. Test chemicals. 
Sample 
No. 

National Item 
Identification Number 

Part Number / MIL-SPEC Description 

1 01-438-6079 MIL-PRF-2104H Engine Oil 15/40 

2 01-035-5393 MIL-PRF-2105 80W90 Gear Oil 

3 01-496-1948 MIL-PRF-2104G 10W Oil 

4 01-464-9137 A-A-52624 Type 1 Recycled Antifreeze 

5 01-197-7692 MIL-PRF-10924H GAA Grease  

6 01-102-9455 MIL-PRF-46176B Brake Fluid 

7 00-252-6383 MIL-PRF-5606H Hydraulic Fluid H515 

8 01-439-0681 110054 WD-40 CPC 

9 01-353-4799 Hydraulic Fluid ATF Dextron 6 

10 N/A LOCAL PURCHASE Nu-Brite 

 
Figure D1. Test specimen showing sample numbers. 

 

1 

2 3 

4 5 

6 7 

8 

9 10 
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Figure D2. Initial application of test chemicals. 

 

Figure D3. After one week exposure. 
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Figure D4. Watch glasses removed. 

 

Figure D5. Selected commercial cleaning products. 
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Figure D6. After initial cleaning with Simple Green. 

 

Figure D7. After initial cleaning with Citrus Cleaner. 
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Figure D8. Twenty-four hours after cleaning. 

 

Figure D9. Second application of test chemicals. 
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Figure D10. Second exposure, after one week. 

 

Figure D11. After watch glasses removed. 
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Figure D12. After second cleaning with Simple Green. 

 

Figure D13. After second cleaning with Citrus Cleaner 
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Figure D14. Twenty-four hours after second cleaning. 

 

Figure D15. Test 1–MIL-PRF-2104H engine oil 15W40. 
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Figure D16. Test 2–MIL-PRF-2105 80W90 gear oil. 

 

Figure D17. Test 3–MIL-PRF2104G 10W oil. 
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Figure D18. Test 4–A-A-52624 Type 1 recycled antifreeze. 

 

Figure D19. Test 5–MIL-PRF-10924H GAA grease. 
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Figure D20. Test 6–MIL-PRF-46176B brake fluid. 

 

Figure D21. Test 7–MIL-PRF-5606H hydraulic fluid. 
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Figure D22. Test 8–110054 WD-40 light lubricant. 

 

Figure D23. Test 9–Hydraulic Fluid ATF Dextron 6. 
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Figure D24. Test 10–Nu-Brite alkaline coil cleaner. 

 

Only one material—Nu-Brite Alkaline Coil Cleaner—had any damaging ef-
fect on the Pentra-Sil® 244+ and Pentra Guard® (HP) surface sealant 
system. This caustic chemical defeated the sealant system and physically 
etched the polished concrete surface. 

The A-A-52624 Type 1 Recycled Antifreeze had no effect on the concrete or 
sealant system. All the other test chemicals penetrated the sealant system 
and were absorbed by the concrete coupons to differing degrees, leaving 
permanent stains.  

The scope of this testing was limited to assessing the sealant system’s 
stain-protection and cleanability characteristics, and did not evaluate the 
physical impact of chemical absorption on the concrete. However, with the 
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exception of the caustic coil cleaning product, the test chemicals had no 
discernible effect on the concrete coupons other than the residual stain.  

Color and gloss measurements after chemical exposure 

The test specimens were evaluated for gloss and color change upon com-
pletion of exposure testing. Table D2 documents the color and gloss data. 
A control sample was simulated by averaging gloss and color readings tak-
en from three areas of the specimen that were not tested. The averaging 
provided an appropriate benchmark against which data from the treated 
samples could be compared. 

Table D2. CIELAB color and gloss readings on test specimens. 

 

The results of the gloss test show that the absorption of test chemicals into 
the concrete increased the gloss readings as compared with the control 
value.  

Color test results reveal the darkening of the test areas due to chemical 
staining. This test used the International Commission on Illumination 
LAB color space, called the 1976 CIE L*a*b* Space (Adobe Systems, 
http://dba.med.sc.edu/price/irf/Adobe_tg/models/cielab.html) as the 
benchmark for determining color changes. In particular, it applied the lu-
minance axis of darkness-lightness values (respectively 0 – 100), ignoring 
the a and b axes of the LAB color space.  

 

Sample Material Date and Time Color scale L* Gloss Date and Time Color scale L* Gloss
1: Engine Oil 15/40 11/22/13   07:08:31pm 60.60 7.0 01/17/14   08:43:57pm 33.14 11.0
2: 80W90 Gear Oil 11/22/13   07:10:03pm 58.78 13.6 01/17/14   08:44:28pm 35.48 10.3
3: 10W Oil 11/22/13   07:10:15pm 60.85 9.3 01/17/14   08:44:40pm 32.52 10.5
4: Antifreeze 11/22/13   07:10:28pm 63.42 6.1 01/17/14   08:44:52pm 59.45 8.6
5: GAA Grease 11/22/13    07:10:37pm 59.79 9.9 01/17/14   08:45:03pm 36.47 6.8
6: Brake Fluid 11/22/13   07:10:48pm 60.85 12.7 01/17/14   08:45:13pm 39.46 6.5
7: Hydraulic Fluid H515 11/22/13   07:10:58pm 60.89 13.3 01/17/14   08:45:23pm 38.55 16.4
8: WD-40 CPC 11/22/13   07:11:10pm 59.48 18.0 01/17/14   08:45:31pm 57.88 8.2
9: ATF Dextron 6 11/22/13   07:11:19pm 62.04 8.4 01/17/14   08:45:39pm 38.83 9.0
10: Nu-Brite 11/22/13   07:11:27pm 60.81 14.7 01/17/14   08:45:47pm 61.02 3.8
Control_1 62.00 5.8
Control_2 63.13 2.9
Control_3 61.75 2.6
Average 62.29 3.78

http://dba.med.sc.edu/price/irf/Adobe_tg/models/cielab.html
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