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Abstract 

Masonry block and brick wall veneer construction, widely used on military 
installations, is subject to rapid deterioration when the ferrous hardware 
tying brick veneer to substrate corrodes prematurely. Corrosion of veneer-
anchor hardware can compromise structural integrity and cause fracture 
and spalling of masonry materials. Because these building ties are con-
cealed beneath the veneer, corrosion can proceed undetected until struc-
tural damage occurs. A new reactive silicate material that can be bonded to 
steel hardware with a layer of vitreous enamel, developed by the U.S. Army 
Engineer Research and Development Center, was evaluated for corrosion-
protection performance in a demonstration project at Fort Stewart, GA. 
When fractured, this coating produces a self-healing reaction by formation 
of silicate hydration products that passivate any exposed steel surface. 
Steel anchors were coated with the vitreous enamel and then installed in 
sections of damaged brick veneer on buildings needing rehabilitation. 
Brick/block coupons were also fabricated using these anchors for exposure 
and ASTM E754 pullout-strength testing. 

Results show that the enamel-coated ties were more corrosion resistant 
than both bare steel and galvanized ties used in the exposure specimens. 
Issues with coating coverage and flaking were noted, and implementation 
caveats are offered. The project return on investment was 3.31. 

 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Ci-
tation 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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Unit Conversion Factors 
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inch-pounds (force) 0.1129848 newton meters 

mils 0.0254 millimeters 

pounds (force) 4.448222 newtons 

pounds (force) per foot 14.59390 newtons per meter 
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pounds (force) per square foot 47.88026 pascals 

pounds (mass) 0.45359237 kilograms 

pounds (mass) per cubic foot 16.01846 kilograms per cubic meter 

pounds (mass) per cubic in. 2.757990 E+04 kilograms per cubic meter 

pounds (mass) per square foot 4.882428 kilograms per square meter 

square feet 0.09290304 square meters 
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1 Introduction 

1.1 Problem statement 

Masonry block and brick wall veneer construction is commonly used for 
administrative and residential construction on Department of Defense 
(DoD) installations. Many such structures use two-piece steel wall an-
chors, each consisting of a pintle and an eye, embedded in the mortar to 
anchor courses of brick masonry to other structural elements in the build-
ing. Corrosion of these ties degrades bonding between the mortar and the 
steel, , and this can cause the loss of structural continuity within the wall. 
Failures in structural connection of this type become visible when 
brick/block and mortar spalls or crumbles away from the wall. Because the 
steel fixtures are covered with mortar and hidden from view during con-
struction, corrosion can proceed undetected until serious damage has oc-
curred. 

There is currently no simple solution to the deterioration of reinforcement 
steel embedded in concrete or masonry. Industry-standard epoxy coatings 
may crack or delaminate from the steel in as little as five years and con-
crete additives have not yet been shown to be effective in preventing the 
corrosion of masonry-embedded steel. Researchers at the U.S. Army Engi-
neer Research and Development Center (ERDC) previously developed a 
new reactive silicate material that can be bonded to steel reinforcement 
bars with a layer of vitreous enamel (Morefield et al. 2008). The vitreous 
enamel coating contains a blend of a hydraulically reactive silicate cement 
with a glass enameling frit that is fused to steel. Research has shown that 
when Portland cement is used in the vitreous formulation, the hydration 
reaction that occurs in cement paste is also observed in the cement compo-
nent of the coating. If the coating fractures, a self-healing reaction can re-
sult through the creation of calcium silicate hydration products (Morefield 
et al. 2008). Experimental results have indicated that after only seven days 
of curing, the chemical bond that forms between coated steel elements and 
concrete is typically two to three times stronger than it is for bare steel, 
while also protecting the steel from corrosion processes initiated by the in-
trusion of moisture and chlorides or other chemicals (Moser et al. 2010). 
The technology was awarded a U.S. patent in 2014 (Day et al. 2014). 
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In order to evaluate the potential applicability of this technology to 
brick/block masonry construction, a Corrosion Prevention and Control 
Program demonstration/validation (dem/val) project was funded to fabri-
cate, install, and assess the performance of enamel-coated steel anchors in 
existing buildings that require rehabilitation due to corrosion-related brick 
veneer and structural degradation. 

1.2 Objective 

The objective of this project was to install new steel hardware coated with 
the patented calcium-silicate enamel as part of scheduled brick/block fa-
cility rehabilitation at Fort Stewart, GA; visually monitor corrosion effects 
and performance; and measure the strength of masonry specimens repre-
senting the demonstrated structural system. 

1.3 Approach 

The project team identified several buildings at Fort Stewart, GA, that 
were damaged due to corroded wall ties and scheduled for replacement of 
most of their brick veneer. The team selected Buildings 632 and 635 for 
the demonstration. The brick panels targeted for replacement on these 
buildings displayed visible evidence of failure in the form of cracking, bro-
ken bricks, displaced mortar, and wall ties that had broken free and were 
visibly protruding from the panels.  

The project was coordinated with the Fort Stewart Department of Public 
Works, which retained a contractor to refurbish the failing brick veneers. 
This contractor was also responsible for providing the enamel-coated wall 
ties. All of the brick panels replaced on Buildings 632 and 635 incorpo-
rated these fuse-bonded, enamel-coated wall ties instead of standard steel 
ties. These ties were subsequently inspected at various intervals using a 
borescope at inspection points built into the structures during repair. 

In addition, test samples were made at the project site with the same ma-
terials used in the repair. These samples were then exposed to the ele-
ments at both Fort Stewart and at test racks constructed at an oceanfront 
research site at Duck, NC. These samples were removed at various times to 
inspect for corrosion and test the ties for pull-out strength. 
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1.4 Metrics 

The primary means of evaluating technology performance was visual in-
spection of the wall ties for any corrosion activity. The external wall pan-
els, installed vitreous brick ties, and exposed coupons were inspected at 
quarterly intervals. Twenty-one inspection points on Buildings 632 and 
635 were selected for monitoring. During masonry rehabilitation, the in-
spection points were fitted with flexible plastic tubing behind the brick ve-
neer to facilitate the use of a fiber-optic borescope device in performing 
the inspections.  

Additionally, 12 brick coupons were fabricated for exposure testing at Fort 
Stewart and at the Field Research Facility (FRF) located at Duck, NC. Mor-
tar joint strength of the coupons was tracked and tested in accordance 
with ASTM E754-80 (2006), Standard Test Method for Pullout Resistance 
of Ties and Anchors Embedded in Masonry Mortar Joints.  
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2 Technical Investigation 

2.1 Project overview 

This demonstration involved selecting two buildings that totaled approxi-
mately 6,200 sq ft of masonry requiring replacement. The subject build-
ings had multiple panels of masonry work that displayed visible evidence 
of failure in the form of fractured/crumbling brick, corroded reinforcing 
wire, and displaced mortar joints as shown in Figure 1 and Figure 2. 

Figure 1. Exterior view of Building 632 brick veneer construction. 

 

For the purposes of this demonstration 2,500 two-piece steel wall ties, 
each consisting of double-eye wall plates and 5 by 2 in. rectangular wire 
pintles of 3/16 in. diameter were procured (Figure 3). This hardware was 
sent to Pro Perma Engineered Coatings in Rolla, MO, for application of the 
vitreous enamel coating. After coating, the materials were shipped to Fort 
Stewart for installation. 
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Figure 2. Failed masonry joints, showing spalled bricks. 

 

Figure 3. Vitreous-coated double-eye tie component (left) and pintle (right). 

     

2.2 Installation of the technology 

The demonstration buildings were cordoned off, protective barriers were 
installed to limit pedestrian traffic, and scaffolding was erected as re-
quired, as shown in Figure 4. Figure 5 depicts the selected panels that were 
stripped of hardware, moisture barrier, and coatings until the bare cinder-
block substructure was exposed.  
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Figure 4. Scaffolding erected for project. 

 

Figure 5. Selected panels stripped to bare walls. 

 

To begin the rehabilitation of the wall panels, a waterproof adhesive was 
applied to the concrete block (Figure 6). The adhesive/sealant was applied 
liberally to each wall panel using a paint roller system to ensure an effec-
tive coating for the installation of rubber waterproof sheathing. Figure 7 
shows application of the sheathing. 
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Figure 6. Application of adhesive. 

 

Figure 7. Application of the rubber sheathing. 
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Chalk lines applied to the wall panels provided straight and level courses 
and proper spacing for the wall ties to be anchored (Figure 8). A hammer 
drill was used to create the holes for the wall tie anchors along the chalk 
lines. After the holes were drilled, the anchor plate and fasteners were in-
stalled using two, ¼ in. diameter hammer-drive pin anchors (Figure 9). 

Figure 8. Installed double-eye component with chalk line for alignment. 

 

Figure 9. Drilling a pilot hole for a double-eye wall tie component. 

 

Upon installation of the anchor plates on the wall panels (Figure 10), a 1 
in. layer of insulating foam board was installed over the entire wall panel 
(Figure 11). A small portion of the foam was cut out to facilitate installing 
the eyes (Figure 12). Figure 13 shows a section of installed pintles. 
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Figure 10. Installation of a double-eye wall tie component. 

 

Figure 11. Installation of foam board insulation. 
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Figure 12. Coated double eye component with pintle attached. 

 

Figure 13. Installed pintles protruding through foam insulation. 

 

At designated sites on select wall panels, a 5/8 in. plastic tubing was in-
stalled to provide the guide for the borescope camera inspections (Figure 
14). In each of these wall panels, three wall ties were selected as inspection 
points. Guide tubes were secured to the foam insulation board, with the in-
terior ends of the tubes being turned down to prevent debris from falling 
into the tube and obstructing it. The brick masons then laid mortar and 
brick in the customary manner for anchored brick veneer construction 
(Figure 15). 
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Figure 14. Plastic tubing for borescope inspection. 

 

Figure 15. View showing brickwork and mortar adjacent to tubes and tie. 

 

2.3 Technology operation and monitoring 

Visual inspections were facilitated by the inspection points installed in se-
lect wall panels during construction. Immediately after installation, a vis-
ual inspection of the exterior walls of Buildings 632 and 635 was 
completed. The performance of the vitreous coated wall ties was moni-
tored for 18 months. Borescope inspections were performed one month af-
ter the installation and at three-month intervals. A final inspection was 
performed one month prior to the end of the monitoring period. 
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This demonstration also included the construction of 50 masonry coupons 
to be used in destructive exposure testing (see Figure 16 and Figure 17). 
The vitreous-ceramic coated pintle was installed in 15 of the test coupons, 
and a conventional galvanized steel pintle was installed in 15 other cou-
pons. The remaining 20 specimens were comparison coupons, each built 
with an uncoated steel pintle, a galvanized steel pintle, and an enamel-
coated steel pintle. 

Figure 16. Production of ASTM E754 coupons. 

 

Figure 17. Production of comparison coupons. 

 

The coupons were transported to two different geographic locations for ex-
posure. Twenty-two of the coupons were set up in a USACE test yard at 
Fort Stewart and twenty-two were moved to the FRF at Duck, NC, for ex-
posure to a high-chloride coastal environment (see Figure 18 and Figure 
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19). The remaining six coupons were sent to a testing facility for ASTM 
E754 testing after completing the required seven-day cure cycle. 

Baseline data were acquired using a borescope camera in video mode to 
establish the condition of the pintles at the start of the inspection period. 
Over the course of the next two years, photos and videos will be updated 
periodically to note any detectable corrosion. At twelve-month intervals, 
exposure coupons were retrieved from the exposure sites and tested in ac-
cordance with ASTM E754.  

Figure 18. Fort Stewart coupon test rack. 

 

Figure 19. Duck, NC, coupon test rack. 
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3 Discussion 

3.1 Results 

The overall observation is that, to date, the wall ties have performed as ex-
pected. No failure of the wall panel or individual mortar joints has oc-
curred, and no evidence of corrosion has been detected in the wall ties. 

3.1.1 ASTM E754 pullout testing 

The results of the initial ASTM E754 testing of the coupons is shown in Ta-
ble 1. The average peak load before failure of the vitreous coated ties was 
2,174 lb, and the average load before failure of the galvanized ties was 
1,749 lb. After 12 months of exposure, the average peak load before failure 
of the vitreous coated ties was 2,251 lb, and the average load before failure 
of the galvanized ties was 1,901 lb (Table 2). The vitreous-coated ties had 
18.4% higher pullout strength at that time compared to the galvanized ties. 
After 18 months of exposure, the average load before failure for the vitre-
ous-coated ties was essentially the same as in the 12 month tests (2,227 
lb). At that same time, the galvanized ties had a pullout strength of 1,642 
lb (Table 3), a 13.6% reduction in strength. These test results show that the 
vitreous-coated ties maintained their pullout strength while the pullout 
strength of the galvanized specimens degraded during the performance 
period. 

Table 1. ASTM-E754 initial results for control samples, March 2011. 

Sample ID Peak Load (lb) Peak Displacement (in.) Failure Type 

V 1 2,109 0.7320 Mortar joint failure 

V 2 2,103 0.7520 Metal pullout failure 

V 3 2,310 0.7470 Mortar joint shear 

Average 2,174 0.7437 NA 

G 1 1,873 0.5210 One-sided metal pullout failure 

G 2 1,716 0.5050 One-sided metal pullout failure 

G 3 1,569 0.5100 One-sided metal pullout failure 

Average 1,749 0.5120 NA 
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Table 2. ASTM-E-754 results of sample with approximately 
12 months of exposure, February 2012. 

Sample ID Peak Load (lb) Displacement at Peak Load (in.) Failure Type 

VST 1 1,911 0.1940 One-sided metal pullout failure 

VST 2* 1,146 0.1825 Mortar joint shear 

VST 3 2,221 0.5015 One-sided metal pullout failure 

Average  1,760 0.2927 NA 

GST 1 1,959 0.1038 One-sided metal pullout failure 

GST 2 1,436 0.1995 Double sided metal pullout failure 

GST 3 1,487 0.0818 Mortar joint shear 

Average  1,627 0.1284 NA 

VNC 1 2,258 0.6208 One-sided metal pullout failure 

VNC 2 2,235 0.3443 One-sided metal pullout failure 

VNC 3 2,261 0.3398 One-sided metal pullout failure 

Average  2,251 0.4350 NA 

GNC 1 2,962 0.1960 One-sided metal pullout failure 

GNC 2 1,479 0.1338 Mortar joint shear 

GNC 3 1,261 0.1478 One-sided metal pullout failure 

Average  1,901 0.1592 NA 

 
Table 3. ASTM-E-754 results of sample with approximately 

18 months of exposure, August 2012. 
Sample ID Peak Load (lb) Displacement at Peak Load (in.) Failure Type 

VST 4 2,132 0.4715 One-sided metal pullout failure 

VST 5 2,252 0.6225 One-sided metal pullout failure 

VST 6 2,235 0.7573 One-sided metal pullout failure 

Average  2,206 0.6171 NA 

GST 4 1,575 0.2970 One-sided metal pullout failure 

GST 5 1,658 0.0930 Double sided metal pullout failure 

GST 6 2,487 0.3103 Double sided metal pullout failure 

Average  1,907 0.2334 NA 

VNC 4 2,238 0.4333 One-sided metal pullout failure 

VNC 5 2,203 0.7560 One-sided metal pullout failure 

VNC 6 2,240 0.6395 One-sided metal pullout failure 

Average  2,227 0.6096 NA 

GNC 4 1,391 0.3703 One-sided metal pullout failure 

GNC 5 1,752 0.2593 One-sided metal pullout failure 

GNC 6 1,782 0.2468 One-sided metal pullout failure 

Average  1,642 0.2921 NA 
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3.1.2 Borescope visual inspections 

Borescope inspections were completed every 3 months for a period of 18 
months after installation. Figure 20 – Figure 27 are images from the final 
inspection completed in August 2012, and they include eye and pintle 
components that show the most evidence of corrosion from each inspec-
tion location. Individual reports from each inspection are listed in Appen-
dix C. Corrosion was primarily found on the rounded edges of the eye 
components. The rounded edges are the most susceptible coating imper-
fections, which was the cause for the corrosion found on items tested. The 
pintles showed little to no corrosion in all locations. It was also observed 
that the components experiencing the most corrosion were in locations 
with the least exposure to sunlight, suggesting that prolonged moisture re-
tention in the masonry may have been a factor. 

Figure 20. Borescope inspection of a vitreous coated wall tie after 
18 months of exposure in Building 635 location 2-2. 
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Figure 21 Borescope inspection of a vitreous coated wall tie after 
18 months of exposure in Building 635 location 1-1. 

 

Figure 22 Borescope inspection of a vitreous coated wall tie after 
18 months of exposure in Building 635 location 3-3.  
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Figure 23. Borescope inspection of a vitreous coated wall tie after 
18 months of exposure in Building 635 location 4-1. 

 

Figure 24. Borescope inspection of a vitreous coated wall tie after 
18 months of exposure in Building 632 location 2-1. 
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Figure 25. Borescope inspection of a vitreous coated wall tie after 
18 months of exposure in Building 632 location 3-1. 

 

Figure 26. Borescope inspection of a vitreous coated wall tie after 
18 months of exposure in Building 632 location 3-1. 
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Figure 27. Borescope inspection of a vitreous coated wall tie after 
18 months of exposure in Building 632 location 4-2. 

 

3.1.3 Destructive inspection of coupons 

Visual inspections of the brick coupon were completed every 3 months for 
a period of 18 months after installation. Figure 28 – Figure 37 are images 
from the final inspection completed in August 2012. Individual reports 
from each inspection are listed in Appendix C. The brick coupons were 
broken apart and the mortar was removed from the pintles. The surface 
area of the standard steel and galvanized pintle that was outside the mor-
tar was 100% covered in rust within 9 months of exposure. The vitreous 
coated pintle only showed signs of corrosion at the tip of the pintle as 
shown in Figure 30. The geometry of the tip of the pintle is subject to inad-
equate coating during application and is the cause of the corrosion. Within 
18 months, rust was beginning to form throughout the width of the brick 
coupon on the standard and galvanized coupons. The vitreous coated cou-
pons did not show any visual signs of corrosion in the interior of the brick 
coupons. 
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Figure 28. Destructive inspection of prism interior with galvanized pintle 
after 18 months of exposure at Fort Stewart. 

 

Figure 29. Inspection of the exterior part of the galvanized pintle 
after 18 months of exposure at Fort Stewart, GA. 

 



ERDC/CERL TR-16-23  22 

Figure 30. Inspection of the exterior tip of the galvanized pintle 
after 18 months of exposure at Fort Stewart, GA. 

 

Figure 31. Inspection of the exterior part of the vitreous coated pintle 
after 18 months of exposure at Fort Stewart, GA. 
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Figure 32. Destructive inspection of the interior of a vitreous coated pintle 
after 18 months of exposure at Fort Stewart, GA. 

 

Figure 33. Inspection of the exterior part of the standard steel pintle 
after 18 months of exposure at Duck, NC. 
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Figure 34. Inspection of the exterior part of the standard steel (left) and galvanized 
(right) pintle after 18 months of exposure at Duck, NC. 

 

Figure 35. Inspection of the exterior part of the galvanized (left) and vitreous coated 
(right) pintle after 18 months of exposure at Duck, NC. 
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Figure 36. Destructive inspection of the interior of a standard steel (left) and 
galvanized (right) pintle after 18 months of exposure at Duck, NC. 

 

Figure 37. Destructive inspection of the interior of a galvanized (left) and vitreous 
coated (right) pintle after 18 months of exposure at Duck, NC. 
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3.2 Coating material characteristics and coverage 

Inspection results indicate that the demonstrated coating is very brittle, 
like a typical ceramic or glass material. Therefore, the coating is vulnerable 
to fracture when the treated hardware is bent or subject to sharp impact. 
Although conventional steel ties and pintles tolerate bending adjustments 
and impacts related to shipping, handling, and installation, the coating on 
the demonstrated enameled hardware is subject to damage from such 
stresses. The wall ties in particular are subject to sharp impacts associated 
with the installation process, which uses hammer-driven pin anchors as 
described in section 2.2, Figure 10; the impact of hammering can poten-
tially cause damage to the coating.  

Destructive inspection of some of the 20 comparison coupons (i.e., those 
containing one bare steel, one galvanized steel, and one enamel-coated 
steel tie assembly) revealed galvanized pintles that were corroding faster 
than individual galvanized ones in specimens earmarked for ASTM E754 
testing, such as the one shown in Figure 38.  

Figure 38. Solo galvanized pintle in an ASTM E754 brick coupon at Fort Stewart, GA. 

 

It was determined that the presence of the uncoated steel pintle inside the 
same coupon as the galvanized one created a corrosion cell when moisture 
was present in the mortar to serve as an electrolyte and conductor. The 
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zinc coating of the galvanized pintle had begun to sacrifice itself to protect 
exposed steel in both pintles. Corrosion-cell current was confirmed by con-
necting a multimeter to both materials. Because the vitreous enamel coat-
ing is an insulating material, no current should have been able to move 
between the galvanized pintle and the coated one as observed. To verify 
that corrosion current was affecting the coated hardware, a tip was cut off 
and voltage measurement was taken between the exposed substrate and 
the standard steel pintle; the recorded voltage was similar to the current 
between the bare steel and galvanized specimens, suggesting the presence 
of a break in the vitreous coating undetected through visual inspection.  

3.3 Lessons learned 

The vitreous coating has a very high gloss and makes borescope inspection 
difficult. The light at the end of the borescope reflects off the coating and 
back at the camera lens, causing glare and focusing difficulties. Several 
types of borescope tips were used to diminish this effect; however, none 
were able to completely mitigate the reflection. Consequently, many pho-
tographs were out of focus due to a lack of light and incorrect focal length; 
others were degraded by glare from the vitreous reflective surfaces. Since 
this inspection method is potentially beneficial for other corrosion preven-
tion and control studies or applications, prospective users should investi-
gate the availability of a polarizing filter or similar optical or digital 
methods that could minimize or eliminate the specular glare that degraded 
the visual data in this project. 
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4 Economic Summary 

4.1 Costs and assumptions 

The total cost of this project amounted to about $400,000. A rough break-
down of project expenses is shown in Table 4, and the field demonstration 
costs are shown in Table 5. 

Table 4. Summary of expenditures for CPC Project F10-AR12.  

Description Amount, $K 
Labor 166.3 
Contracts 188.7 
Travel 20 
Reporting 20 
Air Force and Navy participation 5 
Total 400 

 
Table 5. Cost breakdown for performing field demonstration and validation. 

Description Amount, $K 
Labor for project management and execution 126.5 
Travel for project management 19.9 
Cost for wall ties (5000) 2.3 
Cost for coating wall ties (5000) 5.0 
Cost for evaluation and report 35.0 
Total 188.7 

 
Standard galvanized wall ties have become common in the installation of 
brick veneers. Although galvanized steel is effective at preventing corro-
sion, the life cycle in this application is expected to be only 120 months. 
Hardware coated in a vitreous enamel is expected to last three to five times 
longer than traditional galvanized wall ties. 

To calculate the return on investment (ROI), it is assumed that the DoD 
commonly builds brick veneer structures for use as administrative and res-
idential construction. Brick veneer construction typically uses metal ties to 
connect the brick to the structural frame. Brick veneer construction typi-
cally costs $14.00 per sq ft, and the metal hardware (i.e., ties, flashing, 
etc.) typically accounts for 3% of the installation and materials cost. Apply-
ing the vitreous enamel coating to standard metal hardware will increase 
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that cost to 4.5% of the total, meaning that the cost of coating ties for a sin-
gle average building would be $0.010/sq ft of brick veneer. An average ad-
ministrative or residential building requires 39,200 sq ft of brick veneer. It 
is assumed that normal ties would deteriorate in 10 years to the point of 
requiring repair, and that repair of the normal tie system would be equal 
to original construction costs (assumed to be $275,000). Properly coated 
ties are assumed to last for 30 years. For the purpose of this ROI calcula-
tion, ten total buildings on the installation are assumed to be repaired us-
ing these wall ties over the next ten years. 

4.2 Projected return on investment (ROI) 

The total investment for this project was $400,000. The return on invest-
ment is achieved by reducing the need for repairs owing to the corrosion 
resistance of the vitreous-coated ties. The ROI was calculated in accord-
ance with U.S. Office of Management and Budget Circular No. A-94 
(1992). Over the specified 30-year analysis period (Table 6), the calculated 
ROI was 3.31.  
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Table 6. Return on investment calculations for Project F10-AR12. 

 

400

3.31 Percent 331%

1,832 3,155 1,323

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
2 275 279 244 240 -4
3 275 279 228 224 -3
4 275 279 213 210 -3
5 275 279 199 196 -3
6 275 279 186 183 -3
7 275 279 174 171 -3
8 275 279 162 160 -2
9 275 279 152 150 -2

10 275 279 142 140 -2
11 275 279 133 131 -2
12 275 122 122
13 275 114 114
14 275 107 107
15 275 100 100
16 275 93 93
17 275 87 87
18 275 81 81
19 275 76 76
20 275 71 71
21 275 66 66
22 275 62 62
23 275 58 58
24 275 54 54
25 275 51 51
26 275 47 47
27 275 44 44
28 275 41 41
29 275 39 39
30 275 36 36

Return on Investment Calculation

Net Present Value of Costs and Benefits/Savings

Return on Investment Ratio

Investment Required



ERDC/CERL TR-16-23  31 

5 Conclusions and Recommendations 

5.1 Conclusions 

The demonstrated vitreous enamel coating provides a method to mitigate 
the potential for corrosion and extend the service life of wall ties used in 
brick-veneer masonry construction, thereby reducing the need for costly 
periodic repairs caused by corroded wall-tie hardware. The coating applied 
to the pintle-and-eye type wall ties used in this project proved to be more 
resistant to corrosion than both stock steel and galvanized steel wall ties. 
However, the vitreous coating is subject to flaking and cracking, and the 
coating of the complex geometry—specifically at the ends of the pintle 
wire—was found to be inconsistent, allowing spot corrosion to occur. If 
used, all coated pieces should be closely inspected before installation, and 
the pintles should not be bent or impacted during installation.  

In several cases there also was inadequate coverage on geometric shapes 
with rounded edges. The borescope inspections of the installed coated pin-
tles showed that some rounded edges were susceptible to corrosion. As 
seen in the exposure coupons, the tips of the pintles also were a weak area 
of the coating, confirming the borescope inspections. 

The ASTM E754 testing was not able to validate any increase in the bond 
strength of the masonry specimen through the use of the vitreous coating, 
but the results showed that the coating enhances the pullout strength over 
galvanized pintles.  

The exposure coupon experiment designed to determine corrosion rates of 
each type of pintle was flawed. A galvanic corrosion cell was created inad-
vertently when the dissimilar metals of the four pintles were placed in the 
same mortar on a single brick coupon. As a result, the destructive coupons 
did not provide an individual performance comparison of corrosion re-
sistance of each pintle type. None the less, the coupons verified that the 
vitreous coating holds up significantly longer than traditional coatings.  

The economic analysis projects that the vitreous enamel coating will pro-
vide a ROI ratio of 3.31 when used on brick wall ties. The average life span 
of a wall tie coated with vitreous enamel is increased by three to five times. 
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5.2 Recommendations 

5.2.1 Applicability 

Vitreous enamel coated pintle-and-eye type wall ties can be used to im-
prove performance in both corrosion resistance and wall strength over 
standard galvanized wall ties of similar design. If this technology is speci-
fied for veneer construction, users should visually inspect each wall-tie 
component to confirm proper coating, especially at bends and at the ends 
of the pintle. Additionally, proper installation techniques should be used 
so that the pintle is never bent or sharply impacted.  

Before specifying this coating in a brick veneer construction or renovation 
project, prospective users should survey the state of the market to help en-
sure that the technology can meet the requirements of the present project. 
Also, wall ties coated with this material should not be used in applications 
where there is a need to bend the hardware or the possibility that the tie 
will be subjected to direct hammering or other sharp impacts.  

5.2.2 Implementation 

To facilitate awareness of this emerging corrosion-mitigation technology 
throughout the DoD civil engineering community, a description of it is rec-
ommended for incorporation into Unified Facilities Guide Specification 
UFGS 04 20 00, Unit Masonry (November 2015). A new subsection on 
vitreous-coated rebar can be added to section 2.6.2, “Anchors, Ties, and 
Bar Positioners,” to include language pertaining to the use of, manufac-
turer quality control, acceptance testing on site, handling, and installation 
of vitreous enamel coated wall ties. 

Vitreous coatings for steel reinforcement materials show promise for rein-
forced-concrete applications in severely corrosive environments where ac-
celerated corrosion damage can lead to serious equipment damage and/or 
financial losses. However, broader DoD-wide implementation recommen-
dations should be postponed until coating methods are shown to consist-
ently produce more uniform steel-coverage results and long-term 
corrosion performance can be rigorously validated in a fully controlled, in-
dustry-accepted testing program.  
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Appendix A: ASTM E754 Test Reports 
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Appendix B: Borescope Inspection Locations  

 



ERDC/CERL TR-16-23  72 

 



ERDC/CERL TR-16-23  73 

 



ERDC/CERL TR-16-23  74 

 

 

  



ERDC/CERL TR-16-23  75 

Appendix C: Visual Inspection Reports 

6 month destructive coupon inspection 

 

  

Standard 
Steel

Galvanized 
Steel

Viterous Cotated 
Steel

Standard 
Steel

Galvanized 
Steel

Viterous 
Cotated Steel

Inside the Mortar 
[%] 20% 10% 0% 10% 10% 0%

Outside the Mortar 
[%] 100% 100% 0% 100% 100% 0%

Corrosion Ingress 
[mm] 4.5 2 0 1.5 0.25 0

Inside the Mortar 
[%] 10% 10% 0% 10% 10% 0%

Outside the Mortar 
[%] 100% 100% 0% 100% 100% 0%

Corrosion Ingress 
[mm] 1.5 0.5 0 1.5 0.5 0

Wall Tie Wall Tie
1.1 0% 0%
1.2 0% 0%
1.3 5% 0%
2.1 0% 5%
2.2 5% 0%
2.3 0% 0%
3.1 0% 0%
3.2 0% 5%
3.3 0% 0%
4.1 0% 0%
4.2 0% 0%
4.3 0% 0%

Notes  *** Covered with mortar and invisible to inspection.

Ft. Stewart, GA

Co
up

on
 #

 1
Co

up
on

 #
 2

Duck, NC

Building 635
Pintle

0%

0%
0%
0%

0%
0%

Bo
ro

sc
op

e 
Si

te

Building 632
Pintle

0%
0%
0%

0%
0%

5%
0%
0%

***

0%

0%
0%
0%

5%
0%
0%
0%
0%
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9 month destructive coupon inspection 

   Fort Stewart, GA   Duck, NC 

    

Stand-
ard 

Steel 

Galva-
nized 
Steel 

Viterous Co-
tated Steel   

Stand-
ard 

Steel 

Galva-
nized 
Steel 

Viterous Co-
tated Steel 

                  

Co
up

on
 #

 1
 Inside the Mor-

tar [%] 50% 30% 0%   10% 10% 0% 
Outside the 
Mortar [%] 100% 100% 0%   100% 100% 5%* 

Corrosion In-
gress [mm] 3 3 0   4.5 4.5 0 

                  

Co
up

on
 #

 2
 Inside the Mor-

tar [%] 5% 10% 0%   50% 20% 0% 
Outside the 
Mortar [%] 100% 100% 5%*   100% 100% 5%* 

Corrosion In-
gress [mm] 1 2 0   4.5 2 0 

    Building 632   Building 635 
    Pintle Wall Tie   Pintle Wall Tie 

Bo
ro

sc
op

e 
Si

te
 

1.1 0% 0%   0% 0% 
1.2 0% 0%   0% 0% 
1.3 0% 10%   0% 0% 
2.1 0% 10%   5% 5% 
2.2 0% 5%   0% 0% 
2.3 0% 0%   0% 5% 
3.1 0% 0%   0% 0% 
3.2 0% 0%   5% 5% 
3.3 *** 0%   0% 5% 
4.1 0% 0%   5% 0% 
4.2 5% 0%   0% 5% 
4.3 0% 0%   0% 0% 

Notes *Just the tip of the pintle started to corrode. *** Covered with mortar and invisible to inspection. 
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12 month destructive coupon inspection 

Standard 
Steel

Galvanized 
Steel

Viterous Cotated 
Steel

Standard 
Steel

Galvanized 
Steel

Viterous 
Cotated Steel

Inside the Mortar 
[%] 20% 50% 0% 10% 5% 0%

Outside the Mortar 
[%] 100% 100% 0% 100% 100% 5%*

Corrosion Ingress 
[mm] 2 4 0 1 1.5 0

Inside the Mortar 
[%] 50% 50% 0% 50% 24% 0%

Outside the Mortar 
[%] 100% 100% 0% 100% 100% 50%

Corrosion Ingress 
[mm] 4.5 4.5 0 4.5 4.5 0

Wall Tie Wall Tie
1.1 0% 0%
1.2 0% 0%
1.3 10% 0%
2.1 10% 5%
2.2 5% 0%
2.3 0% 5%
3.1 0% 5%
3.2 0% 5%
3.3 0% 5%
4.1 5% 5%
4.2 0% 5%
4.3 0% 5%

Notes *Just the tip of the pintle started to corrode. *** Covered with mortar and invisible to inspection.

Ft. Stewart, GA

Co
up

on
 #

 1
Co

up
on

 #
 2

Duck, NC

Building 635
Pintle

0%

0%
0%
0%

0%
0%

Bo
ro

sc
op

e 
Si

te

Building 632
Pintle

0%
0%
5%

0%
0%

5%
0%
0%

***

0%

0%
5%
0%

5%
0%
5%
0%
0%
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15 month destructive coupon inspection 

Standard 
Steel

Galvanized 
Steel

Viterous Cotated 
Steel

Standard 
Steel

Galvanized 
Steel

Viterous 
Cotated Steel

Inside the Mortar 
[%] 10% 20% 0% 50% 75% 0%

Outside the Mortar 
[%] 100% 100% 0% 100% 100% 5%*

Corrosion Ingress 
[mm] 2 4.5 0 4.5 4.5 0

Inside the Mortar 
[%] 10% 20% 0% 50% 75% 0%

Outside the Mortar 
[%] 100% 100% 0% 100% 100% 50%

Corrosion Ingress 
[mm] 4.5 4.5 0 4.5 4.5 0

Wall Tie Wall Tie
1.1 0% 0%
1.2 0% 0%
1.3 10% 0%
2.1 10% 5%
2.2 5% 0%
2.3 0% 5%
3.1 0% 5%
3.2 0% 5%
3.3 0% 5%
4.1 5% **
4.2 0% **
4.3 0% **

Ft. Stewart, GA

Co
up

on
 #

 1
Co

up
on

 #
 2

Duck, NC

Building 635

Bo
ro

sc
op

e 
Si

te

Building 632

Notes *Just the tip of the pintle started to corrode.  **Location 4 at building 635 was unaccessible due to 
refurbishment construction. *** Covered with mortar and invisible to inspection.

Pintle
0%
0%
5%

Pintle
0%

0%
0%
0%
0%
0%

0%
0%
5%
0%
0%

***

0%

0%
5%
0%

5%
0%
**
**
**
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18 month destructive coupon inspection 

Standard 
Steel

Galvanized 
Steel

Viterous Cotated 
Steel

Standard 
Steel

Galvanized 
Steel

Viterous 
Cotated Steel

Inside the Mortar 
[%] 90% 5% 0% 75% 5% 0%

Outside the Mortar 
[%] 100% 100% 0% 100% 100% 5%*

Corrosion Ingress 
[mm] 4.5 0.25 0 4.5 0.25 0

Inside the Mortar 
[%] 75% 10% 0% 75% 5% 0%

Outside the Mortar 
[%] 100% 100% 0% 100% 100% 0%

Corrosion Ingress 
[mm] 4.5 2 0 4.5 0.25 0

Wall Tie Wall Tie
1.1 0% 0%
1.2 0% 0%
1.3 10% 0%
2.1 10% 5%
2.2 5% 0%
2.3 0% 5%
3.1 0% 5%
3.2 0% 5%
3.3 0% 5%
4.1 5% 5%
4.2 0% 5%
4.3 0% 5%

Notes *Just the tip of the pintle started to corrode. *** Covered with mortar and invisible to inspection.

0%

0%
5%
0%

5%
0%
5%
0%
0%

Pintle
0%

0%
0%
0%

0%
0%
5%
0%
0%

Bo
ro

sc
op

e 
Si

te

Building 632
Pintle

0%
0%
5%

0%
0%
*** 

Ft. Stewart, GA

Co
up

on
 #

 1
Co

up
on

 #
 2

Duck, NC

Building 635
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