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Section 1 — Introduction & How to Use This Guide 

1.1 Purpose of This Guide 

This guide provides architects, environmental graphic designers (EGD), landscape architects, 
public agency specifiers, and sign fabricators with the technical data, design guidelines, and 
copy-paste CSI specification language needed to correctly specify kiln-fired porcelain enamel on 
steel panels and porcelain enamel graphic tile manufactured by Winsor Fireform. 

Porcelain enamel on steel is the highest-performing permanent graphic medium available for 
exterior and interior public environments. When correctly specified, it eliminates the material 
failures that shorten the service life of competing materials and generate ongoing maintenance 
and replacement costs: fading, delamination, peeling, graffiti staining, and surface degradation. 

This guide is organized so that a specifier can read Sections 1 through 5 to understand the 
material and Winsor Fireform's capabilities, then proceed directly to Section 6, 7, or 8 to copy 
the appropriate CSI specification language into a project manual. Each specification section is 
written to stand alone and requires no additional reference material to use. 

1.2 Who Should Use This Guide 

Architects and Interior Designers 

Specifying permanent panel systems for building identification, wayfinding, architectural 
cladding, feature walls, public art, or integrated graphic elements on new construction or 
renovation projects. 

Environmental Graphic Designers (EGD) and Signage Designers 

Developing wayfinding systems, interpretive graphic programs, campus signage, transit 
graphics, or public art installations where long-term color accuracy and surface durability are 
required. 

Landscape Architects and Park Planners 

Specifying interpretive signage, wayside exhibits, trail wayfinding, memorial panels, and outdoor 
educational graphics for parks, trails, nature centers, botanical gardens, and heritage sites. 

Public Agency Specifiers 

Working within the National Park Service (NPS), transit authorities, municipal governments, 
departments of transportation, and federal agencies procuring permanent exterior signage and 
graphic systems. 

General Contractors and Construction Managers 

Coordinating submittals, mock-ups, and installation requirements for porcelain enamel panel 
and tile systems within a construction project. 

Sign Fabricators and EGD Fabrication Partners 

Acting as prime contractors for porcelain enamel signage systems, using this guide to 
communicate manufacturer requirements to owners and design teams. 

1.3 How Specifications in This Guide Are Organized 

This guide contains three complete, copy-paste-ready CSI 3-part specification sections. 
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Section 6 covers porcelain enamel steel panel systems where the primary design intent is 
communication: wayfinding, interpretive content, directional signage, and public art murals. It is 
organized under CSI MasterFormat 2020 Section 10 14 00 Signage. 

Section 7 covers porcelain enamel steel panel systems where the primary design intent is 
architectural: building cladding, facade integration, column covers, feature wall systems, and 
large-scale architectural graphic elements. It is organized under CSI MasterFormat 2020 
Section 07 44 16 Porcelain Enameled Faced Panels. 

Section 8 covers porcelain enamel graphic tile systems for murals, feature walls, walkways, and 
tiled environments. It is organized under CSI MasterFormat 2020 Section 09 30 00 Tiling. 

Both steel panel sections share the same underlying Winsor Fireform material, manufacturing 
process, performance standards, and warranty. The sections differ in their execution 
requirements, coordination responsibilities, and application-specific notes. Section 9 contains 
submittals, warranty, and maintenance language cross-referenced within all three specification 
sections. 

1.4 Specification Selection Guide — Which Section to Use 

Project Type Primary Intent Use This Section 

Park and trail interpretive signs Communication and 
education 

Section 6 — 10 14 00 

Transit station wayfinding Navigation and identity Section 6 — 10 14 00 

Campus directional signage Navigation Section 6 — 10 14 00 

Museum exhibit graphics Communication and art Section 6 — 10 14 00 

Public art mural on panels Art and civic identity Section 6 — 10 14 00 

Memorial and commemorative 
panels 

Communication and 
memorial 

Section 6 — 10 14 00 

Building identification signage Identity and architecture Section 6 or 7 — specifier's 
discretion 

Exterior building cladding panels Architecture and facade Section 7 — 07 44 16 

Column covers and architectural 
wraps 

Architecture Section 7 — 07 44 16 

Feature walls with integrated 
graphics 

Architecture and art Section 7 — 07 44 16 

Tile murals and tiled feature walls Art and architecture Section 8 — 09 30 00 

Transit platform tile murals Art and civic identity Section 8 — 09 30 00 

Public plazas and walkways Architecture Section 8 — 09 30 00 

 

When in doubt, contact Winsor Fireform for a pre-specification consultation at no charge. 
See Section 10. 

1.5 Basis of Design Statement 
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All specification sections in this guide are written with the following Basis of Design: 

Basis of Design: Winsor Fireform Porcelain Enamel Steel Panels and 
Graphic Tile as manufactured by Winsor Fireform LLC, 3401 Mottman Rd 
SW, Tumwater, WA 98512 | 360-786-8200 | winsorfireform.com, or approved 
equal. 

Substitution requests must demonstrate full compliance with all requirements of PART 2 in the 
applicable specification section. See the Substitution Compliance Matrix in Part 1.2 of each 
specification section. Substitution requests that do not meet all stated criteria in full shall be 
rejected. 

1.6 How to Engage Winsor Fireform 

Pre-specification consultation. 

Contact Winsor Fireform early in the design process to discuss material selection, panel 
geometry, graphic approach, color strategy, and mounting systems. Early engagement prevents 
specification errors and reduces submittal revisions. No charge. 

Basis of Design confirmation. 

Winsor Fireform can review draft specification language and confirm compliance before a 
project goes to bid. No charge. 

Sample panels. 

Physical color and graphic samples are available to support design development and owner 
presentations. 

Quote requests. 

Quotes are returned within 72 hours of receiving complete project information. Submit requests 
at winsorfireform.com or by email to info@winsorfireform.com. 

Technical submittals. 

Winsor Fireform prepares all required project submittals including product data sheets, color 
samples, graphic proof submittals, and shop drawings as required by the project specification. 

  

https://www.winsorfireform.com/
mailto:info@winsorfireform.com
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Section 2 — Why Specify Porcelain Enamel on Steel 

2.1 The Case for Permanence 

Every graphic system specified for a public environment makes an implicit promise: that the 
information, art, or identity it carries will remain legible, accurate, and visually intact for the life of 
the project. Most materials cannot keep that promise. Porcelain enamel on steel can. 

Porcelain enamel is not a coating, a print, a laminate, or a surface treatment. It is powdered 
glass formulated with inorganic colorants and fused to a steel substrate at temperatures 
exceeding 1,400°F. At that temperature, the glass melts into the steel surface, forming a 
chemical and mechanical bond that is permanent by definition. The result is a surface that is 
inert, non-porous, and incapable of peeling, delaminating, or fading under ultraviolet exposure. 

This is not a marketing claim. It is a material property confirmed by long-term outdoor 
weathering tests conducted by the National Institute of Standards and Technology (NIST) and 
the Porcelain Enamel Institute (PEI) over periods exceeding 30 years. NIST’s published 
porcelain enamel weathering research documents performance across multiple climate 
exposures and confirms no appreciable change in appearance for acid-resistant formulations 
after 15 or more years of outdoor service. Porcelain enamel signs have been documented in 
good condition after 50 years of continuous outdoor exposure. 

The permanent color performance of porcelain enamel is a direct result of the inorganic pigment 
chemistry involved. Complex inorganic color pigments (CICPs), which are used exclusively in 
porcelain enamel, are chemically inert and impervious to all forms of UV radiation. They will not 
fade in the presence of ozone, acid rain, or industrial air pollutants. This stands in direct contrast 
to the organic pigments used in vinyl films, HPL, and powder coat systems, where UV-induced 
photodegradation is well-documented in peer-reviewed photodegradation research. 

For projects where the cost of failure is unacceptable, porcelain enamel on steel is the correct 
specification. 

2.2 Where Other Materials Fail 

Vinyl and digitally printed film 

Applied to aluminum or composite substrates, begins UV degradation within 2 to 5 years in 
exterior exposure. Adhesive failure, edge lifting, and color shift are predictable outcomes. 
Graffiti removal chemicals attack the film surface. Replacement requires full panel removal and 
reinstallation. 

Powder-coated aluminum 

Provides a durable substrate but no graphic permanence and is limited to extremely basic 
graphic applications. Powder-coated colors are subject to UV degradation, chipping, and graffiti 
damage. Repair or repainting eventually required. 

High-pressure laminate (HPL) 

Delaminates at panel edges under moisture cycling, particularly in freeze-thaw climates. 
Surface graphics fade in 5 to 8 years under direct UV exposure. Graffiti removal damages the 
surface. Replacement is routine and expected within the product lifecycle. 

Fiberglass-reinforced panels 

Yellow and chalk under UV exposure. The gel coat surface degrades, causing the fiber matrix to 
become visible over time. The material reads as low-cost in architectural contexts. 

https://www.nist.gov/publications/effect-exposure-site-weather-resistance-porcelain-enamels-exposed-three-years
https://www.nist.gov/publications/effect-exposure-site-weather-resistance-porcelain-enamels-exposed-three-years
https://www.pcimag.com/articles/86037-complex-inorganic-color-pigments-durable-pigments-for-demanding-applications
https://www.sciencedirect.com/science/article/pii/S0143720822009214
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Direct embed and dye-sublimated aluminum (ACM) 

UV fading begins within 5 to 8 years. The surface scratches under abrasion and is damaged by 
solvent-based graffiti removal. 

None of these materials carry a manufacturer warranty against perceptible fading. Winsor 
Fireform provides a written 25-year warranty against perceptible fading on every porcelain 
enamel steel panel and tile shipped. See Section 9.3 for full warranty text. 

2.3 Material Comparison Table 

Performance 
Characteristic 

Porcelain 
Enamel  

Vinyl Print Powder 
Coat 

HPL Panels Fiberglass Direct 
Embed  

Color system Glass-
integrated 
pigments 

Surface-
applied ink 

Pigment 
coating 

Printed 
laminate 

Gel coat + 
print 

Dye 
infused 
aluminum 

Color depth Deep, 
luminous, 
glass-like 

Flat Muted Flat Slight 
gloss, 
shallow 

Moderate, 
metallic 
tone 

UV resistance No fade; 25-
year warranty 

Fades 2–5 
years 

Fades 5–
8 years 

Fades 5–8 
years 

Yellows 
and fades 

Fades 5–8 
years 

Surface 
integrity 

Will not peel, 
chip, 
delaminate 

Peels Chips Delaminates Cracks, 
fiber matrix 
shows 

Scratches, 
coating 
wear 

Graffiti 
resistance 

Chemical-
proof, fully 
cleanable 

Damaged 
by removal 

Damaged Damaged Damaged Damaged 
by solvents 

Hardness 
(Mohs) 

4.0–6.0 <1 2–3 2–3 2–3 2–3 

Freeze-thaw 
resistance 

Excellent, 
thousands of 
cycles 

Poor Moderate Poor, edge 
wear 

Moderate Moderate 

Salt air Excellent Poor Moderate Poor Moderate Moderate 

Petroleum-
based 
materials 

None; 
inorganic glass 
on steel 

Yes; 
adhesive 
and film 

Partial Yes; resin 
binder 

Yes; resin 
matrix 

Partial 

End-of-life 
recyclability 

100%; steel & 
inorganic glass 

Landfill 
(composite) 

Partial Landfill Landfill Partial 

Fade 
warranty 

25 years, 
written 

None None None None None 

Lifecycle cost One-time 
investment 

Replace 
multiple 
times 

Refinish 
or replace 

Replace Replace Replace 
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2.4 Lifecycle Cost Perspective 

Porcelain enamel on steel carries a higher initial cost than most competing materials. It also 
carries a lower total cost of ownership over any project lifespan exceeding ten years, and a 
substantially lower total environmental impact over the full lifecycle. 

Consider a representative exterior interpretive sign program with a 30-year ownership horizon: 

Alternatives: 

Initial installation plus two to three full replacement cycles over 30 years, each requiring panel 
removal, disposal, new graphic production, and reinstallation. Each replacement cycle typically 
costs 60 to 80 percent of original installation cost, excluding owner staff time, program 
downtime, rebranding costs, and the embodied carbon of producing and transporting new 
panels. Over 30 years, the total cost of ownership of a vinyl or HPL system often exceeds that 
of porcelain enamel by a factor of two or more. 

Porcelain enamel on steel: 

Single installation. No replacement cycles. No repainting. No refinishing. Graffiti removed with 
standard cleaners at minimal cost. Panels remain in original condition at year 30 with no 
maintenance expenditure beyond routine cleaning. 

For public agencies, transit authorities, national parks, universities, and municipalities operating 
under long capital replacement cycles, the lifecycle cost argument for porcelain enamel is 
decisive. NBS Building Science Series 38 and subsequent NIST-PEI weathering research 
established the 25-to-50-year service life that makes this calculation possible. Winsor Fireform 
can provide project-specific lifecycle cost comparisons upon request. 

  

https://nvlpubs.nist.gov/nistpubs/Legacy/BSS/nbsbuildingscienceseries38.pdf
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Section 3 — Winsor Fireform Product Overview & 
Capabilities 

3.1 Company Background & U.S. Manufacturing 

Winsor Fireform has manufactured kiln-fired porcelain enamel graphics in Tumwater, 
Washington since 1983. Every panel and tile produced by Winsor Fireform is fabricated, 
enameled, imaged, and fired entirely within our facility in the United States. No production 
processes are subcontracted or performed offshore. 

Over four decades of continuous production, Winsor Fireform has developed proprietary 
processes for high-resolution photographic imaging in porcelain enamel, large-format single-
piece panel fabrication, curved and formed panel production with full graphic coverage, and an 
in-house ceramic color formulation laboratory that maintains the most extensive matched color 
library in the North American porcelain enamel signage industry. 

Winsor Fireform’s client roster includes the National Football League, NASA, Yale University, 
Columbia University, the Smithsonian Institution, the White House, the National Park Service, 
Sound Transit, the Massachusetts Bay Transportation Authority, the Chicago Transit Authority, 
SEPTA, the Los Angeles Zoo, Griffith Observatory, and Pike Place Market, among hundreds of 
completed permanent installations worldwide. 

3.2 Single-Source Manufacturing Advantage 

Every phase of Winsor Fireform panel and tile production occurs within a single facility under 
unified quality control. This is a critical distinction from competitors who subcontract metal 
fabrication to third-party shops. Peer-reviewed research on vitreous enamel durability confirms 
that the quality of substrate preparation and the enamel-to-metal bond are primary determinants 
of long-term coating performance. 

• Single point of accountability. One manufacturer is responsible for the steel substrate, 
enamel system, graphic imaging, firing, dimensional tolerances, and finished product 
warranty. 

• Tighter tolerances. When metal fabrication and enamel application occur in the same 
facility, dimensional control is maintained through every production step. 

• Faster response. Design changes, color adjustments, and proof revisions are handled 
internally without coordination delays between separate facilities. 

• Warranty integrity. Winsor Fireform’s 25-year fade warranty applies to the complete 
finished panel because Winsor Fireform manufactured every component of it. 

3.3 Steel Panel System Overview 

Winsor Fireform porcelain enamel steel panels are produced as custom, single-piece units 
fabricated to project-specific dimensions, shapes, and mounting configurations. All panels are 
produced with heavy-gauge steel on a minimum 16-gauge enameling-grade steel substrate. 
Heavier gauges are available and specified for structural applications, large-format panels, and 
installations subject to high wind load, impact exposure, or vandalism risk. 

Panels are available in single-piece dimensions up to 120 inches (10 feet) in any linear 
direction. Panel area is limited by kiln size; contact Winsor Fireform to confirm maximum single-

https://link.springer.com/article/10.1007/s11998-020-00415-3


SPECIFIER’S GUIDE 

Page 11 

piece dimensions for a given project. Multi-panel installations with near-imperceptible seams are 
available for larger graphic fields. 

3.4 Custom Fabrication Capabilities (Flat, Curved, and Formed 
Panels) 

Winsor Fireform operates an in-house metal fabrication department equipped with CNC laser 
cutting, press brake forming, welding, and waterjet cutting equipment. All metal fabrication is 
performed on-site prior to enamel application. 

Flat panels 

Standard configuration for wayfinding, interpretive, and architectural signage applications. 
Panels are tension-leveled and fabricated to specified dimensions with machine-cut edges and 
optional flanged returns. 

Flanged panels 

Incorporate formed returns on two or four sides, providing structural depth and a finished edge 
that conceals mounting hardware. Standard inner graphic margin on flanged edges is 3/16 inch. 

Curved and formed panels 

Produced with full graphic coverage applied to curved or formed steel surfaces using Winsor 
Fireform’s proprietary imaging process, which maintains color accuracy and registration across 
non-planar geometry. This capability is not available from porcelain enamel manufacturers who 
subcontract metal fabrication or who lack in-house metal forming equipment. 

Organic profile cutouts 

Produced using CNC laser cutting or waterjet cutting prior to enamel application. Custom panel 
silhouettes, precision cutout shapes, and perforated panel designs are available. 

3.5 Graphic Imaging System 

Winsor Fireform’s graphic imaging system reproduces full-color photographic content, fine line 
art, typographic elements, halftone imagery, duotones, and multi-color spot color graphics 
directly onto the porcelain enamel surface using glass-based ceramic inks. The permanent 
fusion of graphics into the enamel surface is documented in published vitreous enamel coating 
research. 

• Line art and spot color: Minimum output resolution of 1,200 DPI. Minimum line weight of 
6 points. 

• Four-color process imaging: Minimum 150 lines per inch (LPI). Maximum available 
resolution of 300 LPI upon request. 

• Specialty imaging: Halftone, duotone, transparent layering, lenticular effects, and hand-
applied techniques are available. 

All graphic output is produced against approved digital color proofs and physical control 
samples prior to production release. 

3.6 In-House Color Lab & Color Matching 

Winsor Fireform maintains an in-house ceramic color formulation laboratory that custom-
formulates porcelain enamel pigment systems to match specified colors, with proprietary 
formulations developed over more than four decades of continuous production. 

https://link.springer.com/article/10.1007/s11998-020-00415-3
https://link.springer.com/article/10.1007/s11998-020-00415-3
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• Color matching references accepted: Pantone Coated (preferred), Benjamin Moore, 
Matthews Paints, Tokyo Inks, and physical reference samples. 

Color match tolerance: Finished porcelain enamel color shall match the approved control 
sample within 2 NBS units (Delta E < 2.0 per ASTM D2244) under illuminant D65. A variation of 
1 to 2 NBS units is at the threshold of human visual perception under normal viewing conditions. 

• Two finish options are available for every color: Signature Gloss or Signature Matte. 

3.7 Mounting & Frame Systems 

Winsor Fireform designs and fabricates mounting and frame systems in-house to match the 
structural and aesthetic requirements of each installation environment. All attachment hardware 
in exterior locations is fabricated from corrosion-resistant materials. 

Standard frame configurations: 

• Fully concealed mounting with no exposed hardware on the panel face 

• Exposed architectural frame systems designed as a visual element of the sign 

• Freestanding interpretive stand systems, including NPS-approved frame configurations 

• Substrate materials: steel, aluminum, stainless steel, and weathering steel (Corten) 

• Frame finishes: powder coat in any specified color, anodized, brushed, or bead-blasted 

Custom attachment details fabricated in-house: 

Winsor Fireform fabricates a complete range of custom attachment hardware in-house to suit 
any structural or architectural requirement. Standard options include: 

• Museum rail and Z-clip systems for tool-free panel replacement and adjustment 

• L-angle attachment systems for direct wall mounting or use with backers 

• Threaded stud and standoff systems for floating panel installations 

• Custom clip, channel, and bracket profiles engineered to project-specific requirements 

• All attachment hardware in contact with exterior environments: stainless steel Type 302 
or equivalent 

 

 

 

 

 

 

 

https://www.astm.org/d2244-21.html


SPECIFIER’S GUIDE 

Page 13 

3.8 Panel Backer Options 

Winsor Fireform offers a range of panel backer systems that are fabricated and installed behind 
the porcelain enamel panel to provide structural support, impact diffusion, sound deadening, or 
moisture resistance depending on the project environment. Backers improve overall panel 
system durability by spreading impact loads across the panel face and reducing the risk of 
point-impact damage. 

Backer Type Best Application Key Properties 

Aluminum 
composite backer 

Premium long-term 
installations 

Best longevity, lightweight, fully moisture-resistant, 
zero off-gassing, compatible with all environments. 
True premium option. 

Cement board 
backer 

Interior/exterior walls 
(non-load-bearing) 

Excellent rigidity, fire-resistant, moisture-resistant. 
Non-load-bearing; must be used with L-angle or 
mechanical attachment to transfer structural loads. 

Marine-grade 
plywood backer 

High-impact or 
shock-absorbing 
applications 

Most effective for shock absorption and impact 
distribution. Suitable for exterior environments with 
adequate drainage; not for direct water immersion. 

PVC backer High-moisture 
exterior 
environments 

Excellent moisture and chemical resistance for 
coastal, marine, or high-humidity installations. Good 
dimensional stability. Not recommended for high-
temperature applications. 

 

Backer selection should be confirmed with Winsor Fireform during design development 
based on panel size, mounting system, environmental exposure, and structural 
requirements. 

3.9 Representative Project Experience 

Judkins Park Station, Seattle, WA 

Large-scale photomural panels in porcelain enamel on steel for Sound Transit. Multi-panel 
installation with halftone transparent layering. Exterior exposure, Pacific Northwest climate. 

Pike Place Market Interpretive Panels, Seattle, WA 

Flanged porcelain enamel steel panels with wrapped graphic coverage on flanged edges. 
Marine environment with salt air, moisture, and heavy daily public contact. 

Yosemite National Park, CA 

Remote high-altitude installation requiring lightweight engineered frame system. Snow load, UV, 
and extreme temperature cycling. Panels hand-carried to installation site. 

Heroes Memorial Park, Kyle, TX 

Porcelain enamel steel panels incorporating lenticular imaging producing three distinct images 
as viewers change position. Texas climate, no maintenance window. 

Lincoln Memorial Undercroft, Washington, D.C. 

Historic 1914 construction-worker graffiti preserved permanently in porcelain enamel for the 
National Park Service. 

Fort Lauderdale-Hollywood International Airport (FLL), FL 
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Porcelain enamel graphic tile mural across a full airport concourse wall for artist Sarah Morris. 
High-traffic environment, continuous cleaning exposure, zero degradation since installation. 

Sound Transit System, Multiple Stations, Seattle, WA 

System-wide wayfinding signage program across multiple stations with differing color palettes. 
Precision cutouts, flanged panels, and integrated mounting details. Color accuracy maintained 
station to station. 

Shangri La Museum of Islamic Art, Honolulu, HI 

Complex ceramic mosaic restoration. Waterjet-cut individual replacement tiles matched to a 
1950s original. Preserved handmade character of a 70-year-old surface. 

3.10 Environmental Performance & Sustainability 

Porcelain enamel on steel aligns with modern green-building priorities, including LEED v5, 
SITES v2, Buy Clean policies, and federal sustainable procurement requirements. Its 
exceptional durability and responsible manufacturing deliver measurable reductions in 
embodied carbon, waste, and long-term environmental impact compared with materials that 
require frequent replacement. 

Zero-wastewater manufacturing. 

Winsor Fireform operates a zero-wastewater manufacturing facility in Tumwater, Washington. 
Every stage of production uses a fully closed-loop water management system: process water is 
filtered to remove contaminants, then routed through an on-site boiler that evaporates the 
remaining wastewater. This eliminates all process-water discharge into local waterways, 
protecting the creeks, rivers, and marine environments of the Pacific Northwest. No industrial 
effluent leaves the facility. 

Waste reduction in fabrication. 

Winsor Fireform’s CNC laser and waterjet cutting systems use optimized nesting software to 
minimize steel scrap in every production run. Off-cuts and scrap steel are collected and recycled 
rather than landfilled. 

Long service life dramatically reduces lifecycle carbon. 

The long service life of porcelain enamel steel panels — documented at 25 to 50-plus years with 
no perceptible fading or degradation (see Section 4.6 and NBS Building Science Series 38) — 
dramatically reduces the carbon footprint of the installed system. Each full replacement cycle 
avoided eliminates the embodied carbon, raw-material extraction, transportation emissions, and 
landfill burden associated with producing and installing new panels. Over a 30- or 50-year 
project horizon, this single-installation approach can reduce total material consumption and 
associated greenhouse-gas emissions by more than 70 percent versus vinyl, HPL, or powder-
coated systems that typically require multiple replacements. 

Inorganic, inert materials: no petroleum, no plastics, no leaching. 

Porcelain enamel is made entirely from materials of the earth: steel substrate, silica-based glass 
frit, and inorganic rare-earth metal oxides used as colorants. The product contains no 
petroleum-based derivatives, no plastic components, no organic binders, no VOCs, and no 
plasticizers. There is no organic content that can degrade, off-gas, or leach into soil or water 
over time. 

The fused glass surface and enameling-grade steel substrate do not release chemicals into soil, 
water, or air under normal service conditions, eliminating the risk of environmental 
contamination that occurs with degrading organic coatings, vinyl films, or fiberglass-resin 
systems. Porcelain enamel is resistant to acid rain, industrial atmospheric pollutants, and 

https://nvlpubs.nist.gov/nistpubs/Legacy/BSS/nbsbuildingscienceseries38.pdf
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coastal salt environments without any protective coating that must be periodically stripped and 
reapplied. 

100% recyclable at end of life. 

At end of life, both the steel substrate and the inorganic glass matrix are fully recyclable without 
pre-treatment. No hazardous material separation is required. The inert glass coating does not 
contaminate the steel recycling stream. 

Independent research support. 

Independent life-cycle assessments of architectural enamelled systems (Zanardi et al., 2023) 
confirm that the combination of extreme durability, full recyclability, and low-maintenance 
performance results in lower annualized environmental impacts than organic-coated 
alternatives. Winsor Fireform’s single-source U.S. manufacturing further minimizes transport-
related emissions while maintaining full environmental and quality control. 

Project-specific LCA support, Environmental Product Declaration (EPD) data, or carbon-
footprint calculations are available upon request. 

  

https://link.springer.com/article/10.1007/s11998-023-00780-3
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Section 4 — Technical & Performance Data 

4.1 Steel Substrate — Gauges, Weight, and Thickness 

Material: Special-purpose vitreous enameling iron or steel conforming to ASTM A424/A424M, 
Type I. Steel is tension-leveled and manufactured specifically for porcelain enameling 
applications. 

Minimum gauge: 16 gauge (0.0598 inch / 1.52 mm). Heavier gauges specified for structural, 
large-format, high-wind-load, or high-impact applications. 

Chemistry: Total additions of copper and aluminum shall not exceed 0.002 percent. This 
controlled chemistry ensures proper enamel adhesion and thermal compatibility through firing 
cycles. 

The 16-gauge minimum substrate distinguishes Winsor Fireform panels from commodity 
porcelain enamel production, which commonly uses lighter gauge steel to reduce material cost 
at the expense of panel stiffness, flatness, and long-term dimensional stability. 

Panel weight and thickness by gauge (finished, fully enameled): 

Finished thickness and weight include the porcelain enamel coating. Graphic layers add 
negligible thickness (each layer is 2 to 5 mils). 

Substrate Nominal 
Gauge 

Finished Weight Finished Thickness Typical Application 

Enameling steel 16 gauge ~2.7 lbs/sq ft ~3/32 inch (0.094″) Standard wayfinding, 
interpretive, and 
signage panels 

Enameling steel 14 gauge ~3.3 lbs/sq ft ~1/8 inch (0.125″) Large freestanding 
panels, high-wind 
and high-impact 
applications 

Porcelain tile N/A 
(through-
body) 

~4.0 lbs/sq ft ~5/16 inch (0.313″) Murals, feature walls, 
walkways, tiled 
environments 

 

4.2 Porcelain Enamel System 

Ground coat: Applied to all surfaces of each panel including face, back, sides, and flanges. 
Ground coat thickness: 2 to 5 mils. 

Cover coat: Minimum one separately fired cover coat applied to the face, sides, and flanges of 
each panel. One additional cover coat applied to the panel back for corrosion protection and 
flatness. Total enamel thickness: 0.004 inch to 0.020 inch. 

Frits, glazes, and oxides: Specially formulated porcelain enamel frits, glazes, and oxides. 
Materials in final processed format shall achieve Class A or Class AA acid resistance rating per 
ASTM C282. 

Firing temperature: All panels fired at temperatures exceeding 1,300°F (705°C) to ensure true 
porcelain enamel color fastness. Visual quality control against approved control sample 
following firing. 

https://store.astm.org/a0424_a0424m-18.html
https://store.astm.org/a0424_a0424m-18.html
https://www.astm.org/c0282-99r17.html


SPECIFIER’S GUIDE 

Page 17 

Full technical specifications for the porcelain enamel system are available from the Porcelain 
Enamel Institute. Independent peer-reviewed analysis of vitreous enamel coating systems is 
available in the Journal of Coatings Technology and Research (Springer, 2020). 

4.3 Porcelain Tile Substrate 

Winsor Fireform’s graphic tile system uses a through-body porcelain tile substrate as the base 
for all kiln-fired porcelain enamel tile graphics. Through-body porcelain is fired at high 
temperature to produce a fully vitrified, non-porous body throughout the tile thickness, not just 
on the surface. 

Critical performance advantages of through-body porcelain: 

• Non-porous throughout: Water absorption of less than 0.5 percent per ASTM C373. This 
is significantly lower than standard ceramic tile (typically 3 to 7 percent) and is essential 
for freeze-thaw durability. 

• Freeze-thaw resistance: The fully vitrified body does not allow water to penetrate, 
preventing freeze-thaw spalling. Suitable for exterior installations in any climate zone. 

• Impact durability: Through-body construction means the tile maintains structural integrity 
even if the surface is chipped or scratched. Color and structure continue through the full 
depth of the tile. 

• Long-term stability: No delamination between surface and body possible. The porcelain 
enamel graphic fuses directly to the vitrified surface, creating a permanent bond. 

Standard tile thickness: approximately 5/16 inch (0.313 inch / 7.9 mm). Custom sizes and 
profiles available including waterjet-cut organic shapes. 

Tile substrate conforms to ANSI A137.1 requirements for porcelain tile, including a minimum 
breaking strength of 250 lbs per ASTM C648 and water absorption not exceeding 0.5 percent 
per ASTM C373. 

4.4 Hardness & Abrasion Resistance 

Porcelain enamel surface hardness ranges from 4.0 to 6.0 on the Mohs scale, comparable to 
stainless steel, and would be completely resistant to common vandals tools including house 
keys and pocket change Abrasion resistance exceeds all organic coatings in every formulation, 
as confirmed by ASTM C448. The Springer durability review (2020) independently confirms that 
vitreous enamel coatings provide an excellent barrier against corrosion and maintain gloss and 
color through prolonged environmental exposure. 

Property Value Test Method 

Surface hardness (Mohs) 4.0 to 6.0 Mohs scale 

Knoop hardness 149 to 560 ASTM standard 

Sward rocker hardness 100 (equivalent to plate glass) Standard rocker test 

Compressive strength Approximately 20,000 psi  

Abrasion resistance Exceeds all organic coatings ASTM C448 

 

See PEI Data Bulletin 502 — Physical Properties for complete mechanical and physical 
property data. 

https://www.porcelainenamel.com/technical_information/
https://www.porcelainenamel.com/technical_information/
https://link.springer.com/article/10.1007/s11998-020-00415-3
https://www.astm.org/c0448-88r21.html
https://link.springer.com/article/10.1007/s11998-020-00415-3
https://www.winsorfireform.com/resources/pei-502-physical-properties.pdf
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4.5 Chemical & Corrosion Resistance 

Exposure Resistance Notes 

Strong acids (HCl, 
H₂SO₄) 

Resistant Any concentration at up to 375°F (191°C) 

Hydrofluoric acid Not resistant Specify alternative where HF exposure is possible 

Alkali solutions Resistant pH up to 12 at 212°F (100°C) 

Water (continuous) Resistant Up to 190°F (88°C) 

Organic solvents, oils, 
greases 

Not affected  

Salt spray Excellent ASTM B117 compliant with complete coverage 

UV and infrared 
radiation 

Not affected Inorganic pigments are non-photosensitive 

Industrial 
atmospheres 

Resistant Corrosive gases, smoke, fumes 

Freeze-thaw cycling Excellent Thousands of cycles without spalling 

Graffiti (paint, marker) Fully cleanable Standard cleaners, no surface damage 

Acid rain and 
atmospheric 
pollutants 

Not affected Inert inorganic surface; no organic binders to 
degrade 

 

See PEI Data Bulletin 503 — Resistance to Corrosion for complete corrosion and weathering 
data, including the NBS-PEI long-term outdoor exposure test results. The original NIST 
weathering study on porcelain enamel (Moore & Potter, 1962) established the multi-site outdoor 
durability data that underpins these performance claims. 

4.6 UV & Weathering Performance 

Porcelain enamel pigments are inorganic compounds fused into a glass matrix. They are not 
photosensitive and contain no organic binders that oxidize or degrade under UV or infrared 
radiation. Research on complex inorganic color pigments confirms that CICPs are impervious to 
all forms of UV radiation and will not fade in the presence of ozone, acid rain, or atmospheric 
pollutants. This is in direct contrast to organic pigments used in vinyl and HPL systems, whose 
photodegradation mechanisms are well-characterized in the scientific literature. 

NIST quality control research on porcelain enamels and the NIST weathering study provide the 
government-published scientific foundation for these performance characteristics. Long-term 
tests confirm that acid-resistant porcelain enamels show no appreciable change in gloss or color 
after 15 or more years of continuous outdoor exposure. 

Winsor Fireform provides a written 25-year warranty against perceptible fading (defined as Delta 
E ≥ 2.0 per ASTM D2244 under illuminant D65) on all porcelain enamel steel panels and tiles. 
See Section 9.3 for full warranty text. 

 

https://www.winsorfireform.com/resources/pei-503-corrosion-resistance.pdf
https://www.nist.gov/publications/effect-exposure-site-weather-resistance-porcelain-enamels-exposed-three-years
https://www.nist.gov/publications/effect-exposure-site-weather-resistance-porcelain-enamels-exposed-three-years
https://www.pcimag.com/articles/86037-complex-inorganic-color-pigments-durable-pigments-for-demanding-applications
https://www.sciencedirect.com/science/article/pii/S0143720822009214
https://www.nist.gov/publications/development-methods-test-quality-control-porcelain-enamelsprogress-report-april-1-1
https://www.nist.gov/publications/effect-exposure-site-weather-resistance-porcelain-enamels-exposed-three-years
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4.7 Dimensional Tolerances 

Flatness — panels 8 square feet or less: 

• Convex direction: maximum variation 0.188 inch (3/16 inch) 

• Concave direction: maximum variation 0.094 inch (3/32 inch) 

Squareness: 

• Panels under 8 square feet: within 0.063 inch measured diagonally 

• Panels over 8 square feet: within 0.094 inch measured diagonally 

Flanged panel graphic margin: 

• 3/16 inch inner margin on all flanged sides. Solid spot color may extend to flanged edge. 

Frame overlap allowance: 

• 3/4 inch on all four sides for panels installed in Winsor Fireform standard frame systems. 

Tolerances conform to Winsor Fireform manufacturing standards and PEI S-100 requirements. 

4.8 Applicable Standards & Test Methods Reference Table 

Standard Title Application 

ASTM 
A424/A424M 

Specification for Steel, Sheet, for 
Porcelain Enameling 

Steel substrate 

PEI S-100 / ALS-
100 

Manual of Architectural Porcelain Enamel Architectural PE specification 
standard 

ASTM C346 Gloss of Ceramic Materials, 45-Degree 
Specular 

Gloss measurement 

ASTM C540 Image Gloss of Porcelain Enamel 
Surfaces 

Architectural gloss measurement 

ASTM C448 Abrasion Resistance of Porcelain 
Enamels 

Abrasion resistance 

ASTM C282 Citric Acid Spot Test Acid resistance — Class A/AA 

ASTM C283 Boiling Acid Test Acid resistance 

ASTM C614 Alkali Resistance of Porcelain Enamels Alkali resistance 

ASTM B117 Salt Spray (Fog) Apparatus Salt spray corrosion resistance 

ASTM D2244 Color Differences of Opaque Materials Color match tolerance (NBS units / 
Delta E) 

ASTM C359 Linear Thermal Expansion of Porcelain 
Enamel 

Thermal expansion coefficient 

ASTM C538 Color Retention of Red, Orange and 
Yellow PE 

Color retention — warm tones 

ASTM C703 Spalling Resistance of Porcelain 
Enameled Aluminum 

Spalling resistance 

ANSI A137.1 American National Standard 
Specifications for Ceramic Tile 

Tile substrate — Section 8 

https://www.porcelainenamel.com/technical_information/
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Standard Title Application 

ASTM C373 Water Absorption, Bulk Density, and 
Apparent Specific Gravity 

Tile porosity — Section 8 

ASTM C648 Breaking Strength of Ceramic Tile Tile structural performance — 
Section 8 
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Section 5 — Graphics & Design Guidelines 

5.1 Design Intent & Early Engagement 

Porcelain enamel is a permanent medium. Design decisions made during graphic development 
cannot be reversed after panels enter production and firing. Early engagement with Winsor 
Fireform’s prepress team prevents production errors, reduces submittal revision cycles, and 
ensures the finished panels match design intent. 

Contact Winsor Fireform at info@winsorfireform.com or 360-786-8200 to initiate a prepress 
consultation at no charge. 

5.2 Accepted File Formats & Preparation Requirements 

Format Application 

Adobe Illustrator (.ai, .eps) Preferred for designs combining text, vector graphics, and images 

Adobe InDesign (.indd) Appropriate for designs combining text and images 

Adobe Photoshop (.psd, .psb) Preferred for image-only or raster-based designs 

 

PDF files are not preferred for prepress and production. Provide native file formats wherever 
possible. 

File preparation requirements: 

• Design files at 100% scale (actual size). Do not submit files at reduced scale. 

• Do not embed graphics in Illustrator or InDesign files. Keep Photoshop layers intact. 

• Outline all text, or provide all required font files with the submitted package. 

Linked image requirements: 

Requirement Specification 

Preferred formats PSD, TIFF, EPS, PSB 

Acceptable formats JPG with minimal compression 

Not recommended PNG, GIF 

Color images CMYK color mode (not RGB) 

Black and white images Grayscale mode 

Duotones, tritones, 
quadtones 

Photoshop PSD format 

Standard image resolution 300 DPI at full production size 

Minimum acceptable 
resolution 

150 DPI at full production size 

Bitmap images 600 DPI 

 

mailto:info@winsorfireform.com
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5.3 Resolution Requirements by Graphic Type 

Graphic Type Minimum Output Resolution Input Resolution Required 

Line art and spot color 1,200 DPI 1,200 DPI at full size 

Four-color process (standard) 150 LPI 300 DPI at full size 

Four-color process 
(maximum) 

300 LPI 600 DPI at full size 

Bitmap and 1-bit images 600 DPI 600 DPI at full size 

 

Minimum line weight for reproduced text and fine line elements is 6 points at production size. 

5.4 Color Specification & Matching 

Specify colors using: 

• Pantone Coated system (preferred) 

• Benjamin Moore color numbers 

• Matthews Paints references 

• Tokyo Inks references 

• Physical reference samples submitted by mail to Winsor Fireform 

Color match tolerance: Winsor Fireform’s in-house ceramic color laboratory custom-formulates 
colors to match specified references within 2 NBS units (Delta E < 2.0 per ASTM D2244) under 
illuminant D65. 

Ceramic color gamut note: 

Complex inorganic color pigments provide excellent lightfastness and UV opacity across the 
color spectrum. Bright magentas, extreme purples, and colors approaching neon are at the 
outer limits of the ceramic pigment gamut. Winsor Fireform will identify gamut limitations during 
prepress review and propose matched alternatives. 

5.5 Panel Layout & Bleed Considerations 

• Full-bleed panels (no frame): Allow a minimum 1/8-inch bleed beyond the finished panel 
boundary. 

• Panels in Winsor Fireform standard frames: Allow 3/4 inch of frame overlap on all four 
edges. Keep critical graphic content inboard of this zone. 

• Multi-panel installations: Winsor Fireform coordinates panel-to-panel registration in 
prepress. Panel joint lines should be established collaboratively during design 
development. 

5.6 Frame Overlap & Flanged Panel Margins 

• Standard frame overlap: 3/4 inch on all four sides. 

• Flanged panel inner margin: 3/16 inch on all flanged sides. Solid spot colors may extend 
across the flanged margin and onto the flanged face. 

5.7 Curved Panel Design Considerations 

https://www.astm.org/d2244-21.html
https://www.pcimag.com/articles/86037-complex-inorganic-color-pigments-durable-pigments-for-demanding-applications
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Porcelain enamel graphics can be applied to curved and formed steel panels. Radius limitations 
and graphic registration requirements on curved surfaces should be confirmed with Winsor 
Fireform prepress during Design Development. Confirm feasibility for compound-curved or 
complex-profile panels during early design engagement. 

5.8 Submittal & Proof Approval Process 

1. Layout proofs: Digital layout proofs showing panel content, color, typography, and 
dimensions submitted for content and composition approval before any graphic 
production begins. 

2. Color submittals: Spot color submittals showing ceramic color matches against 
specified references submitted for approval. 

3. Graphic proofs: Final digital proofs calibrated to represent expected porcelain 
enamel output submitted for approval. 

4. Control sample: Physical control panel produced and submitted for owner approval 
prior to full production release. 

5. Production and shipping: Panels enter full production following written proof 
approval. 

Original artwork submitted to Winsor Fireform for scanning or reference will not be 
altered, cut, folded, or damaged and will be returned upon project completion. 
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Section 6 — CSI 3-Part Specification: Porcelain 
Enamel Signage and Graphic Systems 

Wayfinding, Interpretive, and Public Art 
CSI MASTERFORMAT 2020 — SECTION 10 14 00 SIGNAGE 

How to use this section: Copy the text beginning at SECTION 10 14 00 directly into your project 
manual. Delete Specifier Notes before issuing for bid. Items shown in [RED BRACKETS] 
require the specifier to select, confirm, or insert project-specific information. 

 

SECTION 10 14 00 — PORCELAIN ENAMEL SIGNAGE AND GRAPHIC 
SYSTEMS 

PART 1 — GENERAL 

1.1 SUMMARY 

A. Section includes kiln-fired porcelain enamel on steel panel signage systems for the 
following applications as indicated on the Drawings. Delete inapplicable items: 

1. [Wayfinding and directional signage] 

2. [Interpretive and educational panels] 

3. [Commemorative and memorial panels] 

4. [Public art panels and graphic murals] 

5. [Campus and site identification signage] 

6. [Transit and transportation signage] 

B. Related Sections. Delete inapplicable items: 

1. [Section 03 30 00 — Cast-in-Place Concrete: Concrete footings for 
freestanding sign structures] 

2. [Section 05 50 00 — Metal Fabrications: Structural steel posts not furnished by 
sign manufacturer] 

3. [Section 09 90 00 — Painting and Coating: Field-applied coatings on support 
structures] 

4. [Section 26 05 00 — Common Work Results for Electrical: Electrical rough-in 
for illuminated sign bases where applicable] 

1.2 BASIS OF DESIGN 

A. Basis of Design: Winsor Fireform Porcelain Enamel Steel Panels as manufactured by 
Winsor Fireform LLC, 3401 Mottman Rd SW, Tumwater, WA 98512; telephone 360-786-
8200; email info@winsorfireform.com; website winsorfireform.com; or approved equal. 

B. Substitution requests shall demonstrate full compliance with each of the following criteria 
and shall be accompanied by the completed Substitution Compliance Matrix below. 
Substitutions that do not comply with all stated criteria shall be rejected without further 
review: 

1. All metal fabrication, porcelain enamel application, graphic imaging, and kiln firing 
performed within a single manufacturing facility in the United States under unified 
quality control. 

mailto:info@winsorfireform.com
https://www.winsorfireform.com/
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2. Steel substrate conforming to ASTM A424/A424M Type I at minimum 16-gauge 
thickness. 

3. Minimum kiln firing temperature of 1,300°F (705°C) to secure true porcelain color 
fastness. 

4. Manufacturer maintains an in-house ceramic color formulation laboratory capable of 
custom-matching colors to Pantone Coated references within 2 NBS units (Delta E < 
2.0 per ASTM D2244 under illuminant D65). 

5. Single-piece panel capability to [insert project maximum linear dimension, e.g., 
84 inches] in any direction without seams. 

6. Written 25-year warranty against perceptible fading, defined as Delta E ≥ 2.0 per 
ASTM D2244 under illuminant D65. 

7. Manufacturing facility located in the United States of America. 

8. Minimum graphic resolution of 1,200 DPI for line art and 150 LPI for four-color 
process. 

9. [Optional — include only if project requires curved or formed panels:] Curved 
and formed panel fabrication with full graphic coverage performed using in-
house fabrication equipment. 

Substitution requests shall be accompanied by the following completed Substitution Compliance 
Matrix. All criteria must be met. Incomplete submissions shall be rejected without review. 

Compliance Criterion Required Standard Bidder 
Confirmation 
(Yes/No) 

Supporting Documentation 

Single-facility 
manufacturing 

All fabrication, 
enameling, imaging, 
and firing at one U.S. 
facility 

 Provide facility address and 
description 

Steel substrate gauge Minimum 16 gauge, 
ASTM A424/A424M 
Type I 

 Submit material certifications 

Kiln firing temperature Minimum 1,300°F 
(705°C) 

 Provide process 
documentation 

In-house color laboratory Custom color 
matching within 2 
NBS units (Delta E < 
2.0) 

 Describe laboratory 
capabilities 

Maximum single-piece 
panel size 

[Insert project max 
dimension, e.g., 84 
inches] 

 Confirm or provide maximum 
achievable size 

Curved/formed panel 
capability (if required) 

Full graphic coverage 
on curved surfaces, 
in-house equipment 

 Provide sample photos and 
process description 

25-year fade warranty Written warranty, 
perceptible fading 
defined as Delta E ≥ 
2.0 

 Submit warranty document 
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Compliance Criterion Required Standard Bidder 
Confirmation 
(Yes/No) 

Supporting Documentation 

U.S. manufacturing Facility located in 
USA 

 Confirm 

Graphic resolution 1,200 DPI line art 
minimum; 150 LPI 
process minimum 

 Provide resolution capabilities 
statement 

 

1.3 REFERENCES 

A. The following standards apply to this Section. See Section 4.8 of the Winsor Fireform 
Specifier’s Guide for complete reference table. 

1. ASTM A424/A424M — Standard Specification for Steel, Sheet, for Porcelain 
Enameling 

2. ASTM B117 — Standard Practice for Operating Salt Spray (Fog) Apparatus 

3. ASTM C282 — Test Method for Acid Resistance of Porcelain Enamels (Citric Acid 
Spot Test) 

4. ASTM C346 — Test Method for 45-Degree Specular Gloss of Ceramic Materials 

5. ASTM C448 — Test Method for Abrasion Resistance of Porcelain Enamels 

6. ASTM C614 — Test Method for Alkali Resistance of Porcelain Enamels 

7. ASTM D2244 — Practice for Calculation of Color Tolerances and Color Differences 

8. PEI S-100 / ALS-100 — Manual of Architectural Porcelain Enamel (Porcelain Enamel 
Institute) 

1.4 SUBMITTALS 

A. Product Data: Manufacturer’s technical data sheets describing porcelain enamel system, 
steel substrate, enamel thickness, applicable standards, and warranty terms. 

B. Shop Drawings: Fully dimensioned drawings for each sign type and location indicating 
panel dimensions, gauge, configuration, mounting method, frame profile, hardware, and 
relationship to adjacent construction. 

C. Graphic Proofs: Digital layout proofs for each panel showing content, typography, color, 
and composition for Designer approval prior to production. 

D. [Optional] Color Submittals: Where specified or requested, ceramic color samples on 
steel substrate for each specified color demonstrating match within 2 NBS units. 

E. [Optional] Control Sample: Where specified or requested, one or more physical panel 
samples representative of the specified product, produced at the manufacturing facility 
and submitted for Owner approval prior to full production. 

F. Warranty: Manufacturer’s 25-year fade warranty and 5-year manufacturing defect 
warranty executed and submitted prior to final payment. 

G. Manufacturer’s Qualifications Statement: Written statement confirming compliance with 
qualification requirements of Article 1.5. 

1.5 QUALITY ASSURANCE 

A. Manufacturer Qualifications: 

1. Minimum 10 years of continuous documented experience manufacturing kiln-fired 
porcelain enamel on steel panel systems for exterior signage applications. 

https://store.astm.org/a0424_a0424m-18.html
https://www.astm.org/b0117-19.html
https://www.astm.org/c0282-99r17.html
https://www.astm.org/c0346-87r19.html
https://www.astm.org/c0448-88r21.html
https://www.astm.org/c0614-10r15.html
https://www.astm.org/d2244-21.html
https://www.porcelainenamel.com/technical_information/
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2. All metal fabrication, porcelain enamel application, graphic imaging, and kiln firing 
operations performed within a single manufacturing facility in the United States of 
America. 

3. In-house metal fabrication equipment shall include, at minimum: CNC laser or 
plasma cutting, press brake forming, and welding capability. 

4. In-house ceramic color formulation laboratory capable of custom-matching colors 
within 2 NBS units. 

5. Demonstrated capability to produce single-piece panels in dimensions up to [insert 
largest linear dimension required by this project, e.g., 84 inches]. Provide 
project portfolio documentation. 

6. Warranty the finished project for 25 years against perceptible fading, defined as 
Delta E ≥ 2.0 per ASTM D2244 under illuminant D65. 

7. Portfolio of completed exterior porcelain enamel signage installations shall include 
projects for at minimum two of the following client types: National Park Service or 
federal agency; transit authority; university or educational institution; municipal or 
county government. 

B. [Optional — include only if project requires curved or formed panels:] 
Demonstrated capability to produce curved and formed porcelain enamel panels 
with full graphic coverage, using in-house metal forming equipment. 

C. Pre-installation Meeting: Convene prior to sign installation including the Contractor, sign 
installer, and Manufacturer’s representative. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver panels in manufacturer’s original protective packaging. 

B. Inspect panels upon delivery for visible defects. Notify manufacturer in writing of any 
visible defects within five business days of receipt. Include written description and 
photographs. Do not return panels without prior written authorization from manufacturer. 

C. Store panels indoors or under cover, protected from construction traffic, moisture 
accumulation, and physical contact with abrasive materials. Retain protective packaging 
until immediately prior to installation. 

D. Handle panels with non-abrasive gloves and padding. Do not drag panels across hard 
surfaces. 

1.7 WARRANTY 

A. Manufacturer’s Warranty, Fade: Manufacturer shall provide a written warranty against 
perceptible fading, defined as color change of Delta E ≥ 2.0 per ASTM D2244 measured 
under illuminant D65, for a period of 25 years from the date of shipment. The warranty 
shall survive transfer of ownership of the project. 

B. Manufacturer’s Warranty, Manufacturing Defects: Manufacturer shall provide a written 
warranty against delamination or deterioration resulting from manufacturing errors for a 
period of 5 years from date of shipment. Remedy shall be repair or replacement of the 
defective panel, one time during the warranty period, at no cost to the original Customer. 
Where possible, replacement panels shall be produced using the original ceramic color 
formulation batch. Full warranty text is provided in Section 9.3 of the Winsor Fireform 
Specifier’s Guide. 

C. Warranty Exclusions: Warranty does not cover damage resulting from improper 
installation, failure to maintain panels in accordance with manufacturer’s maintenance 
guidelines, vandalism, physical impact, acts of God, or chemical exposure outside the 
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range specified in Part 2 of this Section. The warranty does not cover costs of panel 
removal and reinstallation. 

PART 2 — PRODUCTS 

2.1 MANUFACTURER 

A. Basis of Design: Winsor Fireform LLC, 3401 Mottman Rd SW, Tumwater, WA 98512; 
360-786-8200; winsorfireform.com. 

B. Substitutions: Subject to compliance with all requirements of this Section. See Article 1.2 
and Substitution Compliance Matrix. 

2.2 STEEL SUBSTRATE 

A. Material: Special-purpose vitreous enameling iron or steel conforming to ASTM 
A424/A424M, Type I. Steel shall be tension-leveled and manufactured specifically for 
porcelain enameling. 

B. Minimum Gauge: 16 gauge (0.0598 inch / 1.52 mm). Provide heavier gauge where 
required by panel size, structural loading, wind load calculations, or as indicated on 
Drawings. 

C. Chemistry: Total additions of copper and aluminum shall not exceed 0.002 percent by 
weight. 

2.3 PORCELAIN ENAMEL SYSTEM 

A. Ground Coat: Apply porcelain enamel ground coat to all surfaces of each panel including 
face, back, sides, and flanges. Ground coat thickness: 2 to 5 mils. 

B. Cover Coat: Apply minimum one separately fired cover coat to the face, sides, and 
flanges of each panel. Apply one additional cover coat to the panel back for corrosion 
protection and dimensional stability. 

C. Frits, Glazes, and Oxides: Use specially formulated porcelain enamel frits, glazes, and 
oxides. Materials in final processed format shall achieve Class A or Class AA acid 
resistance rating per ASTM C282. 

D. Total Enamel Thickness: 0.004 inch to 0.020 inch as required by application. 

E. Firing: Fire all panels at temperatures exceeding 1,300°F (705°C) to ensure true 
porcelain enamel color fastness. Each panel shall be visually inspected against the 
approved control sample following firing. 

F. Finish Quality: Cover coat shall be free of breaks, gas bubbles, scumming, hairlines, 
stress lines, and visible surface defects when inspected from normal viewing distance. 

G. Color Match: Finished panels shall match the approved control sample within 2 NBS 
units (Delta E < 2.0 per ASTM D2244) under illuminant D65. 

H. Thermal Expansion: Porcelain enamel coefficient of thermal expansion shall be 
formulated lower than that of the steel substrate so that the enamel coating remains in 
compression through the full service temperature range. 

2.4 PANEL FABRICATION 

A. Fabrication General: All metal fabrication including cutting, forming, bending, welding, 
and drilling shall be performed at the manufacturer’s facility prior to enamel application 
using in-house CNC laser or plasma cutting, press brake, welding, and precision cutting 
equipment. 

https://www.winsorfireform.com/
https://store.astm.org/a0424_a0424m-18.html
https://store.astm.org/a0424_a0424m-18.html
https://www.astm.org/c0282-99r17.html
https://www.astm.org/d2244-21.html
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B. [As needed for this project] Flat Panels: Machine-fabricated with straight lines and 
surfaces free of twists, kinks, warps, dents, and imperfections that affect appearance or 
serviceability. 

C. [As needed for this project] Curved and Formed Panels: Steel substrate formed to 
specified geometry prior to enamel application and firing. Full porcelain enamel graphic 
coverage shall be applied to curved and formed surfaces using manufacturer’s 
proprietary imaging process. Confirm minimum radius and fabrication feasibility with 
manufacturer during Design Development. 

D. [As needed for this project] Flanged Panels: Flanged returns machine-formed prior to 
enamel application. Standard flanged inner graphic margin: 3/16 inch on all flanged 
sides. 

E. Cutouts and Profile Shapes: Holes and cutouts made by CNC laser, plasma, or waterjet 
cutting prior to enamel application. All machined edges ground sufficiently to accept and 
hold a porcelain coating. 

F. Maximum Single-Piece Panel Size: Confirm maximum achievable single-piece 
dimension with manufacturer for this project. 

G. Flatness Tolerance (panels 8 sq ft or less): Convex 0.188 inch maximum; concave 0.094 
inch maximum. 

H. Squareness: Panels under 8 sq ft within 0.063 inch measured diagonally; panels over 8 
sq ft within 0.094 inch. 

2.5 GRAPHIC IMAGING 

A. Graphic Application: Apply full-color graphics using glass-based ceramic inks and firing 
techniques appropriate to the graphic content type and project requirements, as 
determined by the manufacturer. Graphics shall be permanently fused into the porcelain 
enamel surface as part of the kiln firing process, creating a bond that cannot be abraded, 
peeled, or dissolved by cleaning chemicals, solvents, or UV radiation. 

B. Line Art and Spot Color: Minimum output resolution 1,200 DPI. Minimum line weight 6 
points. Perfect registration between color layers. 

C. Four-Color Process: Minimum resolution 150 LPI. Full-bleed coverage edge to edge. 

D. Color Matching: Manufacturer shall maintain an in-house ceramic color formulation 
laboratory. Colors shall be custom-formulated to match Pantone Coated, Benjamin 
Moore, Matthews Paints, or physical reference samples. Color match tolerance: Delta E 
< 2.0 per ASTM D2244 under illuminant D65. 

E. Graphic Proof Approval: Digital layout proofs and color submittals shall be approved in 
writing by the Designer before production begins. 

2.6 MOUNTING AND FRAME SYSTEMS 

A. General: Mounting and frame systems shall be designed by the manufacturer to match 
the structural requirements and service life of the panel system. All attachment hardware 
in exterior locations shall be fabricated from corrosion-resistant material. 

B. Attachment Hardware: Stainless steel Type 302 or equivalent. Available configurations 
include museum rail (Z-clip) systems, L-angle systems, threaded stud and standoff 
systems, and custom clip and channel profiles. 

C. Frame Materials: [Steel] [Aluminum] [Stainless steel] [Weathering steel (Corten)] as 
indicated on Drawings. 

D. Frame Finish: [Powder coat color ______] [Anodized] [Bead-blasted] [Brushed] as 
indicated on Drawings. 
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E. Frame Overlap: Standard frame overlap on panel face: 3/4 inch on all four sides. 
Graphics shall be designed to account for frame overlap zone. 

F. [Optional — if backers are required] Panel Backer: [Aluminum composite] [Cement 
board with L-angle] [Marine-grade plywood] [PVC] as indicated on Drawings. See 
Section 3.8 of the Winsor Fireform Specifier’s Guide for backer selection guidance. 

PART 3 — EXECUTION 

3.1 EXAMINATION 

A. Verify that substrates, blocking, anchor bolts, conduit rough-ins, and other conditions 
receiving sign work are complete and correctly positioned prior to beginning installation. 

B. Do not begin installation until unsatisfactory conditions are corrected. 

3.2 PREPARATION 

A. Field-measure installed conditions before fabrication where sign dimensions are 
dependent on field conditions. 

B. Coordinate mounting locations with General Contractor and other trades. 

3.3 INSTALLATION 

A. Install signs plumb, level, and true at locations shown on Drawings. 

B. Do not field-drill or field-cut porcelain enamel panels. All holes and cutouts shall be 
made at the manufacturing facility prior to enamel application. 

C. Install mounting hardware using corrosion-resistant fasteners. Do not use carbon steel 
fasteners in exterior locations. 

D. Protect panel faces during installation. Remove protective packaging immediately before 
final setting of each panel. 

E. For multi-panel installations, align panels to achieve near-imperceptible seams and 
maintain graphic registration across the full panel field as established by manufacturer’s 
installation drawings. 

3.4 FIELD QUALITY CONTROL 

A. Inspect delivered panels against the approved control sample before installation. Panels 
not matching the control sample within 2 NBS units (Delta E < 2.0) or exhibiting visible 
surface defects shall be rejected and documented with written description and 
photographs. Notify manufacturer within five business days. 

B. After installation, inspect panels from normal public viewing distance. Report any 
installation damage to the Contractor and manufacturer immediately. 

3.5 CLEANING 

A. Clean panel faces with mild, non-abrasive detergent and clean water. Rinse thoroughly. 

B. For graffiti removal: Apply acetone, Windex, or manufacturer-approved graffiti removal 
product with a soft cloth. Do not use abrasive pads. 

C. Do not use hydrofluoric acid or hydrofluoric acid-based cleaners on porcelain enamel 
surfaces. 

3.6 PROTECTION 

A. Protect installed panels from construction traffic, splatter, abrasion, and impact until 
project Substantial Completion. 
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SPECIFIER NOTE A — WAYFINDING & DIRECTIONAL SIGNAGE APPLICATIONS 

Delete this note before issuing for bid. 

• Panel gauge: 16-gauge minimum is appropriate for standard wayfinding panels. Specify 
14-gauge for large freestanding panels in high-wind or high-impact locations. 

• Frame system: Confirm NPS-approved frame is required for National Park Service or 
federal land projects. 

• Color consistency: For system-wide programs, specify that all panels within the system 
shall be produced from the same ceramic color formulations to ensure accurate re-
matching in future phases. 

• Curved panels: Include the optional curved panel clause in 2.4 if wayfinding elements 
include column wraps, curved pylons, or blade signs with curved returns. 

SPECIFIER NOTE B — INTERPRETIVE & EDUCATIONAL PANEL APPLICATIONS 

Delete this note before issuing for bid. 

• Photographic imagery: Confirm file resolution with Winsor Fireform prepress. Historical 
photographs may require digital restoration prior to submission. 

• NPS compliance: Confirm that frame systems are NPS-approved for projects on 
National Park Service land or federally administered areas. 

• Graffiti resistance: The porcelain enamel surface requires no graffiti-resistant coating 
and no topcoat. Specify this explicitly to prevent field application of coatings that could 
reduce long-term panel appearance. 

• Freeze-thaw environments: No special freeze-thaw provisions are required beyond 
standard specification. 

SPECIFIER NOTE C — PUBLIC ART & GRAPHIC MURAL APPLICATIONS 

Delete this note before issuing for bid. 

• Artist coordination: Engage Winsor Fireform prepress during the artist’s design phase. 
Some color families and effects require design adjustment for the ceramic medium. 

• Multi-panel registration: Specify that manufacturer shall coordinate panel-to-panel 
graphic registration in prepress. Panel joint locations should be established 
collaboratively. 

• Lenticular effects: Confirm lenticular intent early; this technique requires specific 
fabrication tolerances and panel geometry coordination. 

• Control sample: For public art projects, specify that the artist reviews and approves the 
physical control sample prior to production release. 
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Section 7 — CSI 3-Part Specification: Porcelain 
Enamel Architectural Panels and Cladding 

with Signage Capability 
CSI MASTERFORMAT 2020 — SECTION 07 44 16 PORCELAIN ENAMELED FACED PANELS 

Cross-reference Section 10 14 00 when primary intent is signage. 

How to use this section: Copy the text beginning at SECTION 07 44 16 directly into your project 
manual. Delete Specifier Notes before issuing for bid. Items shown in [RED BRACKETS] 
require the specifier to select, confirm, or insert project-specific information. 

 

SECTION 07 44 16 — PORCELAIN ENAMELED FACED PANELS 

PART 1 — GENERAL 

1.1 SUMMARY 

A. Section includes kiln-fired porcelain enamel on steel panel systems for architectural 
applications as indicated on the Drawings. Delete inapplicable items: 

1. [Exterior building cladding and facade panels] 

2. [Architectural column covers and wraps] 

3. [Feature walls and interior architectural panel systems] 

4. [Large-scale building-integrated graphic elements] 

5. [Architectural entrance and building identification elements] 

B. Related Sections. Delete inapplicable items: 

1. [Section 05 12 00 — Structural Steel Framing: Primary structural support] 

2. [Section 05 40 00 — Cold-Formed Metal Framing: Secondary framing and panel 
support] 

3. [Section 07 25 00 — Weather Barriers: Air and moisture barriers behind panel 
system] 

4. [Section 07 62 00 — Sheet Metal Flashing and Trim: Flashings at panel 
perimeter] 

5. [Section 09 90 00 — Painting and Coating: Field-applied coatings on support 
framing] 

6. Section 10 14 00 — Signage: Where porcelain enamel panels include graphic 
signage content 

1.2 BASIS OF DESIGN 

A. Basis of Design: Winsor Fireform Porcelain Enamel Steel Panels as manufactured by 
Winsor Fireform LLC, 3401 Mottman Rd SW, Tumwater, WA 98512; telephone 360-786-
8200; email info@winsorfireform.com; website winsorfireform.com; or approved equal. 

B. Substitution requests shall demonstrate full compliance with each of the following criteria 
and shall be accompanied by the completed Substitution Compliance Matrix below. 
Substitutions that do not comply with all stated criteria shall be rejected without further 
review: 

mailto:info@winsorfireform.com
https://www.winsorfireform.com/
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1. All metal fabrication, porcelain enamel application, graphic imaging, and kiln firing 
performed within a single manufacturing facility in the United States under unified 
quality control. 

2. Steel substrate conforming to ASTM A424/A424M Type I at minimum 16-gauge 
thickness. 

3. Manufacturer maintains an in-house ceramic color formulation laboratory capable of 
custom-matching colors within 2 NBS units (Delta E < 2.0 per ASTM D2244 under 
illuminant D65). 

4. Written 25-year warranty against perceptible fading, defined as Delta E ≥ 2.0 per 
ASTM D2244 under illuminant D65. 

5. Manufacturing facility located in the United States of America. 

6. [Optional — include only if project requires curved or formed panels:] Curved 
and formed panel fabrication with full porcelain enamel coverage performed 
using in-house fabrication equipment. 

7. Single-piece panel capability to [insert project maximum linear dimension] in any 
direction without seams. 

Substitution requests shall be accompanied by the following completed Substitution Compliance 
Matrix. All criteria must be met. Incomplete submissions shall be rejected without review. 

Compliance Criterion Required Standard Bidder 
Confirmation 
(Yes/No) 

Supporting Documentation 

Single-facility 
manufacturing 

All fabrication, 
enameling, imaging, 
and firing at one U.S. 
facility 

 Provide facility address and 
description 

Steel substrate gauge Minimum 16 gauge, 
ASTM A424/A424M 
Type I 

 Submit material certifications 

Kiln firing temperature Minimum 1,300°F 
(705°C) 

 Provide process 
documentation 

In-house color laboratory Custom color 
matching within 2 
NBS units (Delta E < 
2.0) 

 Describe laboratory 
capabilities 

Maximum single-piece 
panel size 

[Insert project max 
dimension, e.g., 84 
inches] 

 Confirm or provide maximum 
achievable size 

Curved/formed panel 
capability (if required) 

Full graphic coverage 
on curved surfaces, 
in-house equipment 

 Provide sample photos and 
process description 

25-year fade warranty Written warranty, 
perceptible fading 
defined as Delta E ≥ 
2.0 

 Submit warranty document 

U.S. manufacturing Facility located in 
USA 

 Confirm 
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Compliance Criterion Required Standard Bidder 
Confirmation 
(Yes/No) 

Supporting Documentation 

Graphic resolution 1,200 DPI line art 
minimum; 150 LPI 
process minimum 

 Provide resolution capabilities 
statement 

 

1.3 REFERENCES 

A. The following standards apply to this Section. See Section 4.8 of the Winsor Fireform 
Specifier’s Guide for complete reference table. 

1. ASTM A424/A424M — Specification for Steel, Sheet, for Porcelain Enameling 

2. ASTM B117 — Salt Spray (Fog) Apparatus 

3. ASTM C282 — Acid Resistance of Porcelain Enamels 

4. ASTM C346 — 45-Degree Specular Gloss of Ceramic Materials 

5. ASTM C359 — Linear Thermal Expansion of Porcelain Enamel 

6. ASTM C448 — Abrasion Resistance of Porcelain Enamels 

7. ASTM D2244 — Color Tolerances and Color Differences 

8. PEI S-100 / ALS-100 — Manual of Architectural Porcelain Enamel (Porcelain Enamel 
Institute) 

1.4 SUBMITTALS 

A. Product Data: Manufacturer’s complete technical data including steel substrate 
specifications, enamel system description, applicable ASTM standards, dimensional 
tolerances, and warranty documentation. 

B. Shop Drawings: Fully dimensioned fabrication and installation drawings for each panel 
type including dimensions, gauge, edge conditions, formed profiles, mounting details, 
joint widths, and interface with adjacent construction. 

C. [Optional] Color Submittals: Where specified or requested, ceramic color samples on 
steel substrate demonstrating match within 2 NBS units. 

D. [Optional] Control Sample: Where specified or requested, one or more physical panel 
samples, minimum 12 x 12 inches, submitted for Owner approval prior to full production. 

E. Structural Calculations: Where required by Authority Having Jurisdiction, provide 
engineering calculations for panel attachment system demonstrating compliance with 
wind load and seismic requirements. 

F. Warranty: Manufacturer’s 25-year fade warranty and 5-year manufacturing defect 
warranty executed prior to final payment. 

1.5 QUALITY ASSURANCE 

A. Manufacturer Qualifications: 

1. Minimum 10 years of continuous documented experience manufacturing kiln-fired 
porcelain enamel on steel panel systems for exterior architectural applications. 

2. All metal fabrication, porcelain enamel application, and kiln firing operations 
performed within a single manufacturing facility in the United States of America. 

3. In-house metal fabrication equipment shall include, at minimum: CNC laser or 
plasma cutting, press brake forming, welding, and precision cutting. 

https://store.astm.org/a0424_a0424m-18.html
https://www.astm.org/b0117-19.html
https://www.astm.org/c0282-99r17.html
https://www.astm.org/c0346-87r19.html
https://www.astm.org/c0359-09r17.html
https://www.astm.org/c0448-88r21.html
https://www.astm.org/d2244-21.html
https://www.porcelainenamel.com/technical_information/
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4. In-house ceramic color formulation laboratory capable of custom-matching colors 
within 2 NBS units. 

5. Demonstrated capability to produce single-piece panels up to [insert project 
maximum linear dimension] in any direction. 

6. Warranty the finished project for 25 years against perceptible fading, defined as 
Delta E ≥ 2.0 per ASTM D2244 under illuminant D65. 

B. [Optional — include only if project requires curved or formed panels:] 
Demonstrated capability to produce curved and formed panels with full porcelain 
enamel coverage, using in-house metal forming equipment. 

C. [Optional] Mock-Up: Before fabricating panels, fabricate a mock-up panel of minimum 
24 x 24 inches demonstrating specified color, gloss, finish, edge condition, and 
attachment method. Obtain Architect’s written approval before proceeding with full 
fabrication. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver panels in manufacturer’s protective packaging. 

B. Inspect panels upon delivery for visible defects. Notify manufacturer within five business 
days of receipt of any defects with written description and photographs. Do not return 
panels without prior manufacturer authorization. 

C. Store panels on padded supports, protected from construction traffic, moisture, and 
abrasive contact. Retain protective packaging until immediately prior to installation. 

D. Handle panels with padded equipment. Avoid point loading, edge contact, and face 
abrasion. 

1.7 WARRANTY 

A. Fade Warranty: Manufacturer’s written warranty against perceptible fading, defined as 
color change of Delta E ≥ 2.0 per ASTM D2244 under illuminant D65, for 25 years from 
date of shipment. The warranty shall survive transfer of ownership of the project. 

B. Manufacturing Defect Warranty: Manufacturer’s written warranty against delamination or 
deterioration resulting from manufacturing errors for 5 years from date of shipment. 
Remedy: repair or replacement, one time, at no cost to original Customer. Where 
possible, replacement panels shall use the original ceramic color formulation batch. Full 
warranty text is provided in Section 9.3 of the Winsor Fireform Specifier’s Guide. 

C. Warranty Exclusions: Warranty does not cover improper installation, failure to maintain 
per manufacturer’s guidelines, vandalism, physical damage, acts of God, or panel 
removal and reinstallation costs. 

PART 2 — PRODUCTS 

2.1 MANUFACTURER 

A. Basis of Design: Winsor Fireform LLC, 3401 Mottman Rd SW, Tumwater, WA 98512; 
360-786-8200; winsorfireform.com. 

B. Substitutions: Subject to compliance with all requirements of this Section. See Article 1.2 
and Substitution Compliance Matrix. 

2.2 STEEL SUBSTRATE 

A. Material: Special-purpose vitreous enameling iron or steel conforming to ASTM 
A424/A424M, Type I, tension-leveled and manufactured specifically for porcelain 
enameling. 

https://www.winsorfireform.com/
https://store.astm.org/a0424_a0424m-18.html
https://store.astm.org/a0424_a0424m-18.html
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B. Minimum Gauge: 16 gauge (0.0598 inch / 1.52 mm). Provide heavier gauge where 
required by structural loads, panel dimensions, wind uplift, or as indicated on Drawings. 
Minimum gauge for panels exceeding 60 inches in any direction: 14 gauge as 
determined by manufacturer’s engineering review. 

C. Chemistry: Total copper and aluminum additions not exceeding 0.002 percent by weight. 

D. Thermal Compatibility: Porcelain enamel coefficient of thermal expansion shall be 
formulated lower than that of the steel substrate to maintain the enamel coating in 
compression through the service temperature range. 

2.3 PORCELAIN ENAMEL SYSTEM 

A. Ground Coat: Applied to all panel surfaces including face, back, sides, and formed 
edges. Thickness: 2 to 5 mils. 

B. Cover Coat: Minimum one separately fired cover coat on face, sides, and formed edges. 
One additional cover coat on panel back for corrosion protection and flatness. 

C. Frits, Glazes, and Oxides: Specially formulated porcelain enamel materials achieving 
Class A or Class AA acid resistance per ASTM C282. 

D. Total Enamel Thickness: 0.004 inch to 0.020 inch as required by application and panel 
gauge. 

E. Firing: All panels fired at temperatures exceeding 1,300°F (705°C). Visual quality control 
against approved control sample following firing. 

F. Color Match: Finished panels within 2 NBS units (Delta E < 2.0 per ASTM D2244) under 
illuminant D65 of approved control sample. 

2.4 PANEL FABRICATION 

A. All metal fabrication performed at manufacturer’s facility prior to enamel application 
using in-house CNC, press brake, welding, and precision cutting equipment. 

B. [As needed for this project] Flat Panels: Machine-fabricated with straight lines, square 
corners or smooth bends, free from twists, kinks, warps, dents, and imperfections 
affecting appearance or serviceability. 

C. [As needed for this project] Curved and Formed Panels: Formed to specified 
geometry prior to enamel application and firing using manufacturer’s in-house fabrication 
equipment. Full porcelain enamel coverage on curved and formed surfaces. Confirm 
minimum radius with manufacturer during Design Development. 

D. [As needed for this project] Column Covers and Wraps: Produced as curved or multi-
faceted panels to specified profile. Full graphic coverage available on exterior face and 
returns. 

E. Panel Size: Maximum single-piece dimension as confirmed with manufacturer for this 
project. Panel joint width as indicated on Drawings. 

F. Flatness Tolerance: Per Section 4.7 of the Winsor Fireform Specifier’s Guide and PEI S-
100 Section IV-E. 

G. Edge Conditions: [Sheared and enameled] [Flanged return] [Ground and enameled] 
as indicated on Drawings. 

2.5 PANEL ATTACHMENT SYSTEM 

A. Concealed Attachment: Manufacturer-designed clip or channel system providing positive 
panel retention without visible face fasteners. Clips and channels shall be stainless steel 
Type 302 or equivalent. Available configurations include museum rail (Z-clip), L-angle, 
and custom profiles. 

https://www.astm.org/c0282-99r17.html
https://www.astm.org/d2244-21.html
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B. Exposed Fastener Systems: Where shown on Drawings, provide stainless steel Type 
302 fasteners with finish washers matching frame finish. 

C. Thermal Movement: Attachment system shall accommodate differential thermal 
movement between panel and support structure without inducing stress in the porcelain 
enamel coating. 

D. Panel-to-Panel Joints: [Provide open joint with back flashing] [Provide 
manufacturer-furnished joint cover] [Caulk with sealant per Section 07 92 00] as 
indicated on Drawings. 

E. [Optional — if backers are required] Panel Backer: [Aluminum composite] [Cement 
board with L-angle] [Marine-grade plywood] [PVC] as indicated on Drawings. 

2.6 GRAPHIC CONTENT (IF APPLICABLE) 

A. Where panels include graphic content, graphic requirements shall comply with Article 2.5 
of Section 10 14 00 of this guide, incorporated here by reference. 

B. Graphic Proof Approval: Written approval by Architect and Owner required before 
production. 

PART 3 — EXECUTION 

3.1 EXAMINATION 

A. Verify that structural support system, secondary framing, substrate, and blocking are 
complete, plumb, level, and within tolerances acceptable to the panel manufacturer prior 
to beginning panel installation. 

B. Verify that air barriers, flashings, and other building enclosure components that occur 
behind the panel system are installed and inspected prior to panel installation. 

3.2 PREPARATION 

A. Field-verify dimensions against shop drawings before releasing panels for fabrication 
where dimensions are dependent on field conditions. 

B. Coordinate installation sequence with General Contractor, structural, and enclosure 
trades. 

3.3 INSTALLATION 

A. Install panels plumb, level, and true, with consistent joint widths as indicated on 
Drawings. 

B. Secure panels using manufacturer-designed attachment system. Do not improvise field 
attachments not reviewed and approved by the panel manufacturer. 

C. Do not field-drill, field-cut, or field-modify porcelain enamel panels. All penetrations shall 
be made at the manufacturing facility prior to enamel application. 

D. Install sealants, joint covers, and flashings as indicated on Drawings and coordinated 
with manufacturer’s installation instructions. 

E. For curved and formed panel installations, verify that support framing geometry matches 
panel geometry prior to panel delivery. 

3.4 FIELD QUALITY CONTROL 

A. Inspect delivered panels against approved control sample before installation. Reject 
panels not matching control sample within 2 NBS units (Delta E < 2.0) or exhibiting 
visible surface defects. 

B. Replace panels damaged during installation at Contractor’s expense. 
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3.5 CLEANING 

A. Clean panel faces at Substantial Completion with mild non-abrasive detergent and clean 
water. 

B. Remove construction splatter and adhesive residue using manufacturer-approved 
solvents applied with soft cloth. 

C. Do not use abrasive pads, steel wool, power washing at close range, or hydrofluoric 
acid-based cleaners. 

3.6 PROTECTION 

A. Protect installed panels from construction traffic, welding splatter, concrete splatter, 
abrasion, and impact through project Substantial Completion. 
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Section 8 — CSI 3-Part Specification: Porcelain 
Enamel Graphic Tile 
CSI MASTERFORMAT 2020 — SECTION 09 30 00 TILING 

How to use this section: Copy the text beginning at SECTION 09 30 00 directly into your project 
manual. Delete Specifier Notes before issuing for bid. Items shown in [RED BRACKETS] 
require the specifier to select, confirm, or insert project-specific information. This section covers 
Winsor Fireform’s kiln-fired porcelain enamel graphic tile system, which uses a through-body 
vitrified porcelain tile substrate rather than a steel substrate. 

 

SECTION 09 30 00 — PORCELAIN ENAMEL GRAPHIC TILE 

PART 1 — GENERAL 

1.1 SUMMARY 

A. Section includes kiln-fired porcelain enamel graphic tile systems for the following 
applications as indicated on the Drawings. Delete inapplicable items: 

1. [Graphic tile murals on interior and exterior walls] 

2. [Transit platform and station art tile] 

3. [Public plaza and walkway tile with embedded graphics] 

4. [Feature walls and architectural tile installations] 

5. [Interpretive and educational tile panels] 

B. Related Sections. Delete inapplicable items: 

1. [Section 03 30 00 — Cast-in-Place Concrete: Substrates receiving tile 
installation] 

2. [Section 07 10 00 — Dampproofing and Waterproofing: Waterproofing 
membranes at wet or exterior locations] 

3. [Section 09 30 00 — Tiling: Tile-setting trades and mortar bed systems] 

4. [Section 10 14 00 — Signage: Where tile installation includes graphic signage 
content] 

1.2 BASIS OF DESIGN 

A. Basis of Design: Winsor Fireform Porcelain Enamel Graphic Tile as manufactured by 
Winsor Fireform LLC, 3401 Mottman Rd SW, Tumwater, WA 98512; telephone 360-786-
8200; email info@winsorfireform.com; website winsorfireform.com; or approved equal. 

B. Substitution requests shall demonstrate full compliance with each of the following 
criteria. Substitutions that do not comply with all stated criteria shall be rejected without 
further review: 

1. Through-body vitrified porcelain tile substrate with water absorption not exceeding 
0.5 percent per ASTM C373. Standard ceramic tile or glazed wall tile substrates are 
not acceptable. 

2. All porcelain enamel application, graphic imaging, and kiln firing performed at a 
single manufacturing facility in the United States under unified quality control. 

3. Kiln firing of graphic system at temperatures consistent with true porcelain enamel 
color fastness. 

mailto:info@winsorfireform.com
https://www.winsorfireform.com/
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4. In-house ceramic color formulation laboratory capable of custom-matching colors 
within 2 NBS units (Delta E < 2.0 per ASTM D2244 under illuminant D65). 

5. Written 25-year warranty against perceptible fading, defined as Delta E ≥ 2.0 per 
ASTM D2244 under illuminant D65. 

6. Freeze-thaw durability demonstrated by compliant water absorption testing per 
ASTM C373. 

1.3 REFERENCES 

1. ASTM C373 — Water Absorption, Bulk Density, and Apparent Specific Gravity of 
Fired Whiteware Products 

2. ASTM C648 — Breaking Strength of Ceramic Tile 

3. ASTM C482 — Bond Strength of Ceramic Tile to Portland Cement Paste 

4. ASTM C448 — Abrasion Resistance of Porcelain Enamels 

5. ASTM D2244 — Color Tolerances and Color Differences 

6. ANSI A137.1 — American National Standard Specifications for Ceramic Tile 
(porcelain tile requirements) 

7. PEI S-100 / ALS-100 — Manual of Architectural Porcelain Enamel (Porcelain Enamel 
Institute) 

1.4 SUBMITTALS 

A. Product Data: Manufacturer’s technical data sheets describing tile substrate, enamel 
system, water absorption test results, applicable standards, and warranty terms. 

B. Shop Drawings: Layout drawings for tile field indicating tile sizes, joint widths, graphic 
registration across tile joints, and relationship to adjacent construction. 

C. Graphic Proofs: Digital layout proofs showing full-field graphic content and tile grid for 
Designer approval prior to production. 

D. [Optional] Color Submittals: Ceramic color samples on tile substrate demonstrating 
match within 2 NBS units. 

E. [Optional] Control Sample: One or more representative tiles from the project batch 
submitted for Owner and Designer approval prior to full production. 

F. Warranty: Manufacturer’s 25-year fade warranty executed and submitted prior to final 
payment. 

1.5 QUALITY ASSURANCE 

A. Tile Substrate: Through-body vitrified porcelain conforming to ANSI A137.1 with water 
absorption not exceeding 0.5 percent per ASTM C373. Fired to full vitrification 
throughout tile body thickness. 

B. Manufacturer: Minimum 10 years documented experience manufacturing kiln-fired 
porcelain enamel graphic tile systems for exterior or interior public installations. Provide 
portfolio documentation including transit, civic, or cultural venue projects. 

C. Installer: Tile installer experienced in large-format porcelain tile with graphic registration 
requirements. Installer shall review manufacturer’s installation instructions and graphic 
layout drawings prior to commencement. 

D. Mockup: Assemble a minimum 4-tile by 4-tile mockup panel at project site or approved 
location, demonstrating graphic registration, joint width, and installation method. Obtain 
Designer approval before proceeding with full installation. 

1.6 DELIVERY, STORAGE, AND HANDLING 

https://www.astm.org/c0373-18.html
https://www.astm.org/c0648-20.html
https://www.astm.org/c0482-02r15.html
https://www.astm.org/c0448-88r21.html
https://www.astm.org/d2244-21.html
https://www.porcelainenamel.com/technical_information/
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A. Deliver tiles in manufacturer’s original packaging, clearly labeled by tile ID corresponding 
to installation layout drawings. 

B. Inspect tiles upon delivery. Notify manufacturer within five business days of receipt of 
any defects with written description and photographs. 

C. Store tiles flat on padded supports in dry interior conditions. Do not stack more than 10 
boxes high. Protect from construction traffic and impact. 

1.7 WARRANTY 

A. Fade Warranty: Manufacturer’s written warranty against perceptible fading, defined as 
Delta E ≥ 2.0 per ASTM D2244 under illuminant D65, for 25 years from date of 
shipment. The warranty shall survive transfer of ownership of the project. 

B. Warranty Exclusions: Warranty does not cover damage from improper installation, failure 
to use appropriate tile-setting materials, physical impact, acts of God, or improper 
maintenance. 

PART 2 — PRODUCTS 

2.1 MANUFACTURER 

A. Basis of Design: Winsor Fireform LLC, 3401 Mottman Rd SW, Tumwater, WA 98512; 
360-786-8200; winsorfireform.com. 

B. Substitutions: Subject to compliance with all requirements of this Section. See Article 
1.2. 

2.2 TILE SUBSTRATE 

A. Material: Through-body vitrified porcelain tile. Tile body shall be fully vitrified throughout 
its thickness, not merely surface-glazed. Standard ceramic tile and glazed wall tile 
substrates are not acceptable substitutes. 

B. Water Absorption: Not exceeding 0.5 percent per ASTM C373. Documentation shall be 
provided upon request. 

C. Breaking Strength: Minimum 250 lbs per ASTM C648. 

D. Nominal Thickness: Approximately 5/16 inch (7.9 mm). Actual dimensions as specified 
on Drawings. 

E. Tile Size: [Insert tile size, e.g., 6 x 6 inch, 12 x 12 inch, custom] as indicated on 
Drawings. Custom waterjet-cut organic profile tiles are available. 

2.3 PORCELAIN ENAMEL GRAPHIC SYSTEM 

A. Graphic Application: Apply full-color graphics using glass-based ceramic inks and kiln 
firing techniques appropriate to the content type, permanently fused into the porcelain 
enamel surface. The fired graphic bond shall be chemically and mechanically integrated 
with the tile surface. 

B. Line Art and Spot Color: Minimum output resolution 1,200 DPI. Minimum line weight 6 
points. 

C. Four-Color Process: Minimum resolution 150 LPI. Full-bleed coverage edge to edge of 
tile face. 

D. Color Matching: Manufacturer shall maintain an in-house ceramic color formulation 
laboratory. Colors shall be custom-formulated to match specified references within 2 
NBS units (Delta E < 2.0 per ASTM D2244 under illuminant D65). 

https://www.winsorfireform.com/
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E. Graphic Registration: Tiles shall be produced and numbered per manufacturer’s 
installation layout drawings to ensure correct graphic registration across tile joints at 
installation. 

F. Finish: Available as Signature Gloss or Signature Matte. 

2.4 SETTING MATERIALS 

A. Setting Mortar: [Latex-modified Portland cement mortar per ANSI A118.4] [Epoxy 
mortar per ANSI A118.3], as appropriate for substrate and service conditions. Confirm 
with manufacturer. 

B. Grout: [Sanded cementitious grout per ANSI A118.6 for joints over 1/8 inch] 
[Unsanded cementitious grout per ANSI A118.6 for joints 1/8 inch and under] 
[Epoxy grout per ANSI A118.3 for chemical resistance or exterior locations]. Color 
as selected by Designer. 

C. Movement Joints: Provide movement joints in the tile field at perimeters, changes in 
plane, and at intervals not exceeding 20 to 25 feet in field, per TCNA EJ171. Seal with 
ASTM C920 elastomeric sealant. 

PART 3 — EXECUTION 

3.1 EXAMINATION 

A. Verify that substrates are structurally sound, plumb or level within tolerances for the tile 
installation method, and free of contamination, curing compounds, and materials 
incompatible with tile-setting products. 

B. Verify that waterproofing membranes and crack-isolation membranes required by the 
project are installed and inspected prior to tile installation. 

3.2 PREPARATION 

A. Review manufacturer’s tile layout drawings before beginning installation. Confirm tile 
numbering sequence and graphic registration direction. 

B. Lay out tile field dry before setting to confirm graphic registration and joint alignment. 
Obtain Designer approval of dry layout before setting commences. 

3.3 INSTALLATION 

A. Install tile in strict accordance with manufacturer’s layout drawings. Do not reposition 
tiles without written approval from manufacturer. 

B. Set tile in full-coverage mortar bed. Back-butter tiles larger than 15 square inches. 
Coverage shall be minimum 95 percent in wet areas and exterior locations per TCNA 
guidelines. 

C. Maintain consistent joint widths as indicated on Drawings. Joint widths shall not deviate 
more than ±1/16 inch from specified. 

D. Do not cut or modify tiles in ways that alter the graphic content without prior written 
approval from manufacturer and Designer. 

E. Install movement joints per Article 2.4.C above. 

3.4 FIELD QUALITY CONTROL 

A. Compare installed tile against the approved control sample and graphic proofs during 
installation. Report any graphic registration errors to the Designer and manufacturer 
immediately. Do not continue installation until discrepancies are resolved. 
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B. Completed tile installation shall show consistent joint widths, level or plumb faces within 
specified tolerance, and correct graphic registration across the full field. 

3.5 CLEANING 

A. Clean tile faces with mild, non-abrasive detergent and clean water after grout has cured. 
Remove grout haze per grout manufacturer’s instructions. 

B. Do not use hydrofluoric acid or HF-based tile cleaners on porcelain enamel graphic tile 
surfaces. 

C. For graffiti removal: Apply acetone or manufacturer-approved graffiti remover with a soft 
cloth. The non-porous kiln-fired surface does not absorb paint or marker. 

3.6 PROTECTION 

A. Protect installed tile from construction traffic, heavy equipment, and impact through 
project Substantial Completion. Provide temporary plywood protection at floor or 
walkway tile locations. 
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Section 9 — Submittals, Warranty & Maintenance 

9.1 Required Submittals Checklist 

Use the following checklist to confirm all required submittals are provided. Items marked 
[Optional] should be included as required by the project specification or as requested by the 
Design Team. 

Submittal Item Required For Timing 

Product data sheet All projects With bid or at award 

Manufacturer qualifications 
statement 

All projects At award 

Substitution Compliance 
Matrix (if substitution) 

All substitution requests With substitution 
request 

Shop drawings — panel or tile 
layout and dimensions 

All projects Prior to fabrication 

Shop drawings — mounting, 
frame, or attachment details 

All projects Prior to fabrication 

Graphic layout proofs Projects with graphic content Prior to production 

[Optional] Spot color and 
ceramic color submittals 

Where specified or requested Prior to production 

[Optional] Physical control 
sample panel or tile 

Where specified or requested Prior to full production 

Structural calculations for 
attachment 

07 44 16 projects where 
required by AHJ 

Prior to fabrication 

Tile installation mockup 09 30 00 projects Prior to full installation 

Executed 25-year fade 
warranty 

All projects Prior to final payment 

Executed 5-year 
manufacturing defect warranty 

Steel panel projects Prior to final payment 

 

9.2 Control Samples Protocol 

A physical control sample panel or tile is the single most important quality assurance tool 
available for porcelain enamel projects. The control sample establishes the visual standard 
against which all production panels are compared. 

Who produces the control sample: 

Winsor Fireform produces the control sample at the manufacturing facility using the same 
materials, processes, and ceramic color formulations that will be used for full production. 

Who approves the control sample: 
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The Owner’s representative or Designer of Record provides written approval before full 
production is released. For public art projects, the artist should also review and approve the 
control sample. 

Panel delivery inspection: 

Upon delivery, each panel shall be compared against the approved control sample. Panels that 
do not match within 2 NBS units (Delta E < 2.0 per ASTM D2244 under illuminant D65), or that 
exhibit visible surface defects, shall be documented and reported to Winsor Fireform within five 
business days of receipt. 

9.3 Warranty Terms — Full Text 

The following is the complete Winsor Fireform LLC General Product Warranty as issued with 
each project. 

 

Winsor Fireform LLC General Product Warranty 

Winsor Fireform guarantees that product will be free of significant defects at the time of 
shipment. Should Winsor Fireform’s product delaminate or deteriorate as a result of 
manufacturing errors within five years, Winsor Fireform will replace the affected product. 

(1)  The Customer will notify Winsor Fireform of any significant defects within five business days 
after receipt of product. A written description and photograph are to be provided to Winsor 
Fireform. Winsor Fireform will determine if panels are to be returned for repairs or if replacement 
is required. DO NOT RETURN PRODUCT WITHOUT PRIOR WRITTEN APPROVAL FROM 
WINSOR FIREFORM. 

(2)  Each porcelain enamel product that delaminates or deteriorates as a result of a 
manufacturing error will be repaired or replaced at no cost to the original Customer, one time 
during the five-year period commencing with the date noted in the certification section of this 
document. This excludes the cost of any production components necessary for the fabrication of 
the project. Where possible, replacement panels shall be produced using the original ceramic 
color formulation batch. 

(3)  All porcelain enamel products carry a 25-year warranty against perceptible fading, 
defined as color change of Delta E ≥ 2.0 per ASTM D2244 measured under standard illuminant 
D65 at normal viewing distance. This warranty survives transfer of ownership of the project. 

(4)  The Customer will be responsible for shipping charges of the product and materials to 
Winsor Fireform. Winsor Fireform will be responsible for return shipping to the Customer. 

(5)  The Customer is responsible for ensuring proper installation and maintenance of the 
product. Winsor Fireform’s liability is limited solely to the porcelain enamel product. No 
incidental or consequential costs of any kind are covered by this warranty, including but not 
limited to the costs of panel removal and reinstallation, acts of God, installation errors, or 
physical damage to panels after shipment. 

 

9.4 Maintenance & Cleaning Guidelines 

Porcelain enamel on steel requires no scheduled maintenance beyond routine cleaning. No 
topcoats, sealers, waxes, or protective coatings are required or recommended. The non-porous, 
chemically inert surface properties documented in PEI Data Bulletin 501 — Appearance 

https://www.winsorfireform.com/resources/pei-501-appearance-properties.pdf
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Properties and confirmed in peer-reviewed vitreous enamel coating research eliminate the need 
for any protective treatments. 

Cleaners that are safe for porcelain enamel: 

• Mild dish detergent and water 

• Window cleaner (Windex or equivalent) 

• Acetone (for adhesive or paint residue) 

• Diluted white vinegar (for mineral deposits) 

• Most commercial non-abrasive cleaners 

Cleaners and methods to avoid: 

• Abrasive powders, pads, or steel wool 

• Hydrofluoric acid or HF-based cleaners, which will permanently damage the glass 
surface 

• High-pressure power washing at close range 

• Petroleum-based solvents in prolonged contact 

9.5 Graffiti Removal Procedures 

The non-porous glass surface of porcelain enamel does not absorb paint, marker, or aerosol 
spray. Graffiti removal does not damage the porcelain enamel surface and does not require 
sanding, repainting, or surface restoration. See PEI Data Bulletin 501 for the surface property 
data that underpins this behavior. 

Recommended graffiti removal procedure: 

1. Apply acetone, mineral spirits, or commercial graffiti remover to a clean soft cloth. 

2. Wipe the affected area. Paint and marker will transfer to the cloth without abrasion. 

3. Repeat with fresh cloth sections as needed until graffiti is fully removed. 

4. Clean the area with mild detergent and water, rinse and dry. 

Do not use hydrofluoric acid-based graffiti removers. Confirm that any commercial graffiti 
removal product does not contain HF before use on porcelain enamel surfaces. 

  

https://www.winsorfireform.com/resources/pei-501-appearance-properties.pdf
https://link.springer.com/article/10.1007/s11998-020-00415-3
https://www.winsorfireform.com/resources/pei-501-appearance-properties.pdf


SPECIFIER’S GUIDE 

Page 47 

Section 10 — Resources & Contact 

10.1 How to Request a Quote 

Winsor Fireform returns quotes within 72 hours of receiving complete project information. 

Submit quote requests at: winsorfireform.com (Request a Quote) or by email: 
info@winsorfireform.com 

Include the following with your quote request: 

• Project name and location 

• Panel or tile quantity and approximate dimensions 

• Product type (steel panel: flat/curved/formed; or graphic tile) 

• Mounting system preference or constraints 

• Graphic content description (spot color, four-color process, photographic, etc.) 

• Specified colors (Pantone Coated numbers preferred) 

• Target installation date or project schedule milestones 

• Any applicable design files or drawings (preliminary is acceptable) 

10.2 Requesting Samples 

Physical color and graphic samples on steel substrate or tile are available upon request. 
Contact info@winsorfireform.com and specify colors needed (Pantone Coated numbers or 
description), gloss level preference, and whether graphic samples are needed. 

10.3 Technical Consultation Services 

• Pre-specification material consultation 

• Specification language review and Basis of Design confirmation 

• Design Development review for color, graphic, and panel geometry feasibility 

• Art file prepress review before submission 

• Project-specific lifecycle cost and carbon footprint analysis 

• Environmental Product Declaration (EPD) data upon request 

10.4 Art File Submission Instructions 

Accepted formats: Adobe Illustrator (.ai, .eps), Adobe InDesign (.indd), Adobe Photoshop (.psd, 
.psb). 

Use the Package command in Illustrator or InDesign to gather all linked files and fonts. 
Compress the folder as a ZIP file. Submit via file sharing service (Winsor Fireform will provide 
an upload link upon request), flash drive by mail, or email for files under 15 MB. 

See Section 5.2 of this guide for complete file preparation requirements. 

10.5 Winsor Fireform Contact Information 

Winsor Fireform LLC 

3401 Mottman Rd SW 

Tumwater, WA 98512 

https://www.winsorfireform.com/
mailto:info@winsorfireform.com
mailto:info@winsorfireform.com
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United States of America 

 

Phone: 360-786-8200  |  Toll Free: 800-824-7506 

Email: info@winsorfireform.com 

Website: winsorfireform.com 

Quote Requests: winsorfireform.com (Request a Quote button) 

 

 

Office hours: Monday through Friday, standard business hours Pacific Time 

Manufactured in the United States of America since 1983 
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