
 



 
Course Description 
This course provides an in-depth examination of the engineering principles involved in 
the design, specification, and performance evaluation of metal roofing systems.  
 
Focusing on structural, environmental, and material science considerations, this course 
explores the critical aspects of load-bearing capacity, thermal movement, corrosion 
resistance, fastener design, acoustic and moisture control, and installation standards. 
Special emphasis is placed on integration with overall building systems and adherence 
to industry codes and practices.  
 
The course is intended to help practicing engineers understand the performance 
parameters and risks associated with metal roofing design across residential, 
commercial, and industrial applications. 
 
 
Course Objectives 
Upon completing this course, participants will be able to: 

• Understand the mechanical and structural principles of metal roof systems. 
• Evaluate different metal roof profiles and their suitability for specific applications. 
• Assess the impact of environmental loads such as wind, snow, thermal 

expansion, and seismic activity. 
• Select appropriate materials, coatings, and finishes based on corrosion 

resistance and service life. 
• Analyze roof fastening systems, support framing, and underlayment 

requirements. 
• Interpret and apply relevant building codes, industry standards, and best 

practices. 
• Identify common failure modes and techniques for mitigation or prevention. 
• Integrate metal roofing with drainage systems, insulation, and ventilation 

solutions. 
 
 
Intended Audience 
This course is applicable to professional engineers engaged in civil, structural, 
architectural, mechanical, and building envelope design. It also supports engineers 
involved in roofing specifications, code compliance, construction oversight, and 
building systems integration. 
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Chapter 1: Introduction to Metal Roofing Systems 
 
Overview of Metal Roofing Applications 
Metal roofing systems have emerged as one of the most durable and versatile roofing 
solutions used in modern construction. While their origins date back centuries, today's 
systems have evolved into high-performance assemblies utilized across a wide range of 
buildings, from residential homes and commercial structures to industrial facilities and 
institutional buildings. Their increasing popularity is due in part to their longevity, 
aesthetic flexibility, recyclability, and ability to integrate with other structural and energy 
systems. 
 
Unlike asphalt shingles or tile systems, metal roofs offer a monolithic and robust covering 
that resists many of the traditional issues associated with water infiltration, wind uplift, 
and environmental degradation. Their ability to span large distances with minimal 
support framing also makes them a valuable option in wide-span building applications 
such as warehouses and manufacturing plants. In architectural applications, metal 
roofs are often specified for their clean lines, material expression, and color 
customization options. 
 
In regions with severe weather conditions—such as hurricanes, heavy snow, or 
wildfires—metal roofing systems are often preferred due to their enhanced resistance to 
wind, snow loads, fire ignition, and hail impact. These characteristics have led building 
codes and insurance underwriters to increasingly recommend or require metal roofing 
in certain zones. 
 
Historical Context and Evolution 
Historically, metal roofs date back to antiquity, with copper roofing used in ancient 
temples and castles. By the 19th century, sheet metal roofing had become common in 
industrial and institutional buildings, particularly in Europe and the United States. 
Corrugated iron, patented in the 1820s, played a critical role in early prefabricated 
buildings and was widely adopted during industrial expansion. 
 
By the mid-20th century, innovations in steel rolling and coating technology introduced 
galvanized and aluminum roofing products. These systems significantly improved 
corrosion resistance and durability, leading to a steady increase in their adoption 
across commercial and residential markets. The development of standing seam roof 
panels in the 1960s and 1970s marked another evolutionary leap, enabling hidden 
fastener systems and cleaner architectural profiles. 
 
In recent decades, sustainability concerns and advances in paint systems have further 
enhanced the attractiveness of metal roofing. Energy-efficient coatings, cool roof 
finishes, and solar integration capabilities have made metal roofing systems a central 
feature in many green building projects. 
 
 
 
 



Material Types and Common Alloys 
Modern metal roofing systems are fabricated using a variety of base metals, each with 
distinct mechanical properties, corrosion resistance, and aesthetic qualities.  
 
The most commonly used metals in roofing applications include: 

• Galvanized Steel – This steel core is coated with a layer of zinc to provide a 
sacrificial barrier against corrosion. It offers a balance of strength and 
affordability but is less corrosion-resistant than Galvalume or aluminum in marine 
environments. 

• Galvalume Steel – An alloy composed of approximately 55% aluminum, 43.4% 
zinc, and 1.6% silicon applied to a steel core. Galvalume provides superior 
corrosion resistance compared to galvanized steel, particularly in coastal and 
industrial atmospheres. 

• Aluminum – Naturally resistant to corrosion and lightweight, aluminum is often 
used in coastal regions where salt spray can accelerate metal degradation. It is 
less strong than steel and typically used with heavier gauge panels to 
compensate for its lower structural strength. 

• Copper – Valued for its longevity and distinctive patina, copper is used in 
premium architectural applications. It is highly resistant to corrosion and can last 
well over a century, though it is significantly more expensive and requires 
specialized detailing. 

• Zinc – Known for its self-healing properties and durability, zinc is used in high-end 
applications where aesthetics and longevity are prioritized. Like copper, it forms 
a protective patina that guards against further oxidation. 

• Stainless Steel – Used in highly corrosive environments, stainless steel offers 
exceptional durability and resistance to acids and salt-laden air. It is typically 
specified for industrial or laboratory facilities. 

 
In addition to the base metal, panel performance is heavily influenced by the finish 
applied. Coatings such as polyvinylidene fluoride (PVDF) and silicon-modified polyester 
(SMP) provide color, gloss retention, and ultraviolet resistance, affecting both aesthetics 
and service life. 
 
Each material selection must account for local climate, structural requirements, and 
aesthetic intent. Understanding the implications of these choices is a foundational 
requirement for engineering a high-performance metal roofing system. 
 
 
  



Chapter 2: Structural Design Principles for Metal Roofs 
 
Load Path Analysis and Framing Support 
At the heart of any metal roofing design lies the understanding of structural load paths. 
The roof system must efficiently transfer all imposed loads—whether permanent or 
transient—from the roof panels through the fasteners and purlins, into the primary 
structural framing, and finally down to the foundation. This sequence is critical to ensure 
that no component is undersized or overstressed, leading to premature failure or 
deflection. 
 
Metal roofing panels themselves, particularly standing seam or trapezoidal profiles, 
often contribute structural capacity through diaphragm action. In such cases, the 
roofing system can assist in distributing lateral forces, such as wind and seismic loads, 
across the plane of the roof. This requires proper anchorage to intermediate structural 
members such as purlins, joists, or open-web steel joists, which serve as the main support 
grid. 
 
Spacing between supports depends on several factors, including panel gauge, metal 
type, and panel profile. Engineers must calculate span capabilities for the selected 
panel system using manufacturer data or standardized testing such as those governed 
by ASTM E1592 (for wind uplift performance). Inadequate attention to span limitations 
can result in excessive deflection, oil canning, or outright collapse under load. 
 
Support framing must also accommodate thermal movement, water shedding slopes, 
and installation tolerances. For retrofit projects, the existing substrate must be verified for 
compatibility with new roofing weights and loads. The connection between roof panels 
and framing—whether through direct fastening or clip systems—must be mechanically 
robust and consistent with manufacturer instructions and structural design principles. 
 
Dead, Live, Snow, Wind, and Seismic Loads 
Metal roofing must be engineered to withstand a wide variety of applied loads, all of 
which should be considered under ASCE 7 (Minimum Design Loads and Associated 
Criteria for Buildings and Other Structures).  
 
The primary structural load categories include: 

• Dead Load: This is the static weight of the roofing system itself, including panels, 
underlayment, purlins, insulation, and any mechanical attachments. Metal roofs 
are generally light compared to other materials, typically ranging from 1 to 3 
pounds per square foot, depending on gauge and panel type. 

• Live Load: Temporary loads include service personnel walking on the roof, 
installation equipment, or maintenance materials. These loads are governed by 
building codes and must be accounted for in panel bending strength and 
support design. 

• Snow Load: Roofs in cold climates must resist accumulated snow loads, including 
drift and sliding conditions. Snow retention systems, such as snow guards, may be 
required to prevent sudden avalanches from steep metal roofs. 



• Wind Load: Wind uplift is a primary design concern, especially for low-slope or 
standing seam roofs. ASCE 7 provides formulas for determining wind pressures 
based on building geometry, exposure category, roof shape, and location. Uplift 
forces must be countered by the strength of the fasteners, clips, and panel 
design. 

• Seismic Load: While roofs do not typically carry large seismic loads, lateral 
movement during an earthquake can stress connections and induce panel 
deformation. Roof diaphragm design plays an important role in transferring in-
plane seismic loads to vertical structural elements. 

 
These load conditions must be examined in combination and not in isolation. Critical 
design scenarios often involve a combination of dead load plus wind uplift or snow drift 
plus live load. 
 
Deflection Criteria and Span Limitations 
Allowable deflection is a key performance criterion in structural roofing systems. 
Excessive deflection can cause functional issues such as ponding water, aesthetic 
distortion (oil canning), and eventual structural fatigue. While metal roofing panels are 
typically not designed as walkable decks, they must resist sagging between supports 
under worst-case loads. 
 
The typical limit for roof deflection is L/240, where "L" is the span length in inches. For 
example, a 10-foot span (120 inches) should not deflect more than 0.5 inches under live 
load conditions. In sensitive architectural applications, stricter criteria such as L/360 may 
be applied to minimize visual distortion. 
 
Span limitations are determined by both the panel geometry and the metal gauge. 
Heavier gauge panels can span greater distances but add to dead load and cost. 
Some manufacturers produce structural panels specifically tested and certified for long-
span applications, where purlins or joists may be spaced 4 to 6 feet apart or more. 
 
Engineering software tools or proprietary span tables from manufacturers can be used 
to verify span compliance under anticipated loads. Special attention must be given to 
end spans, overhangs, and roof terminations, where loading conditions can differ 
substantially from mid-span sections. 
 
Ultimately, the structural design of a metal roofing system involves coordination across 
multiple disciplines: structural engineering, architectural layout, mechanical integration, 
and site-specific environmental loading. Engineers must ensure that every element—
fasteners, clips, purlins, and panels—functions together as a cohesive and code-
compliant structural system. 
 
 
  



Chapter 3: Thermal Expansion and Movement Control 
 
Coefficient of Expansion by Material 
Metal roofing systems, by nature of their material composition, are subject to thermal 
expansion and contraction resulting from daily and seasonal temperature fluctuations. 
This characteristic, while predictable, can lead to significant structural stresses and 
deformation if not accounted for in the design. The rate of thermal expansion is 
measured by the coefficient of linear expansion, typically expressed in inches per inch 
per degree Fahrenheit (in/in/°F). 
 
Different metals exhibit different expansion coefficients. For example: 

• Aluminum has a relatively high coefficient of expansion (≈13.1 × 10⁻⁶ in/in/°F), 
making it more susceptible to movement than other metals. 

• Galvanized and Galvalume Steel have lower coefficients (≈6.7–7.3 × 10⁻⁶ 
in/in/°F), offering greater dimensional stability. 

• Copper and Zinc fall between these values, with copper expanding at roughly 
9.4 × 10⁻⁶ in/in/°F. 

 
The total movement of a metal panel can be approximated using the formula: 

ΔL = α × L × ΔT 
 

Where: 
ΔL = change in length 
α = coefficient of expansion 
L = original length of the panel 
ΔT = temperature change in degrees Fahrenheit 

 
A 30-foot-long aluminum panel exposed to a 100°F temperature swing could expand 
by nearly half an inch. Without design accommodations for this movement, such 
expansion could result in oil canning, fastener withdrawal, panel buckling, or stress-
induced fractures. 
 
Panel Length Considerations and Slip Design 
Long continuous panels pose the greatest challenge in thermal movement control. As 
panel length increases, so does the magnitude of expansion and contraction. For this 
reason, engineering guidelines often recommend limiting continuous panel runs or 
incorporating detailing elements that can absorb movement. 
 
There are three principal ways to manage thermal movement in long metal panels: 

1. Floating Clip Systems – Used with standing seam roofs, floating clips allow the 
panel to move freely over the substrate as it expands or contracts. The clip is 
anchored to the structure but slides within a seam hem of the panel, relieving 
stress from the metal itself. 

2. Slip Joints – In architectural systems, slip joints or expansion joints are introduced 
at strategic locations, allowing the roof plane to accommodate differential 
movement without compromising waterproofing. 



3. Controlled Panel Lengths – Limiting the length of individual panels (commonly 20–
40 feet depending on metal type and expected temperature range) can restrict 
cumulative movement, especially when combined with back-to-back expansion 
detailing. 

 
The roof design must also consider directional movement. Panels laid perpendicular to 
the slope experience different forces than those laid parallel, and differential 
movement can occur between shaded and sun-exposed areas. These factors must be 
analyzed carefully during design. 
 
Use of Expansion Joints and Fastening Systems 
Expansion joints are critical in large metal roofing systems and are often required at 
building transitions, ridges, hips, valleys, or where different materials intersect. These 
joints are designed to absorb both thermal and structural movement while maintaining 
a watertight barrier. Properly designed expansion joints prevent distortion of the panels 
and protect flashing components from being torn or twisted. 
 
Fastener systems also play a pivotal role in movement control. In through-fastened 
panels (such as corrugated or ribbed metal roofs), fasteners are fixed through the panel 
and into the structure. While cost-effective, this method restrains movement and 
requires oversized fastener holes or flexible gaskets to allow some expansion. Improperly 
installed fasteners can result in elongation of holes (slotting), which may eventually lead 
to leaks or panel displacement. 
 
In contrast, concealed fastener systems, especially those using clips, allow for significant 
movement while maintaining watertight integrity and a clean aesthetic. These systems 
are preferred in high-end architectural applications or where large spans and 
temperature gradients are expected. 
 
In all cases, fastening schedules and clip spacing must be verified against 
manufacturer specifications and engineering calculations. Over-fastening, under-
fastening, or using incompatible fasteners can lead to stress concentrations and 
premature failure of both the fastener and the panel. 
 
Ultimately, managing thermal expansion is not just a material issue—it is a design 
philosophy. An effective system must balance aesthetics, performance, and structural 
flexibility, accounting for real-world environmental conditions and the inherent 
movement of metal as a living component of the building envelope. 
 
 
  



Chapter 4: Fastener Systems and Mechanical Attachments 
 
Screw Fasteners vs. Concealed Clips 
Metal roofing panels are secured to a structure either through exposed screw fasteners 
or concealed clip systems, each offering unique advantages and limitations. 
Understanding the appropriate application of each method is essential to ensuring 
both the structural integrity and long-term performance of the roofing system. 
 
Exposed screw fasteners, also known as through-fasteners, are driven directly through 
the metal panel and into the supporting structure beneath, typically into purlins or 
wood decking. This system is common in corrugated or ribbed panel profiles and is 
often selected for agricultural, industrial, or utilitarian structures due to its lower cost and 
ease of installation. The primary drawback is that the fasteners penetrate the weather 
barrier, making them vulnerable to potential water ingress if gaskets deteriorate or if 
thermal cycling causes the fastener holes to enlarge. 
 
Concealed clip systems are used primarily with standing seam metal roofs, in which the 
panel edges interlock and are mechanically fastened with hidden clips. These clips are 
anchored to the substrate but allow the panels to expand or contract independently. 
While concealed clip systems generally involve higher material and labor costs, they 
provide superior aesthetics, better long-term waterproofing, and enhanced 
performance under thermal movement. They are preferred in high-end commercial 
and architectural projects. 
 
In both systems, it is crucial to use fasteners that are compatible with the roofing metal 
to prevent galvanic corrosion. Stainless steel fasteners are typically the most corrosion-
resistant option but may not be appropriate with softer metals like aluminum or zinc, 
where differential hardness could cause deformation or fatigue under thermal cycling. 
 
Pullout Resistance and Substrate Anchorage 
One of the most critical performance factors in metal roofing design is pullout 
resistance—the capacity of a fastener or clip to resist withdrawal from the substrate 
under load. This is especially vital in high-wind zones where negative pressures can exert 
significant uplift forces on roof panels. 
 
Pullout resistance depends on a combination of factors, including: 

• The type and size of fastener, including thread geometry, embedment depth, 
and shank diameter. 

• The material and thickness of the substrate, such as plywood, OSB, light-gauge 
steel, or structural purlins. 

• The quality of installation, including correct torque, alignment, and avoidance of 
over-driving. 

 
Testing methods such as ASTM E1592 or FM Global Standards are often used to evaluate 
fastener performance under simulated environmental loading conditions. In high-risk 
regions, local building codes may require fastener pullout resistance calculations or 
third-party certified systems. 



 
Manufacturers typically provide fastener tables indicating required spacing and 
installation patterns based on roof geometry and expected uplift pressures. Engineers 
must review these tables and confirm that spacing complies with ASCE 7 and other 
structural design codes. 
 
Improper anchorage can lead to panel flutter, blow-off, or fatigue damage over time. 
Inadequate fastener edge distances, overdriven fasteners that crush gaskets, and 
inconsistent substrate quality are frequent causes of premature failures. 
 
Fastener Corrosion and Longevity Considerations 
Fastener corrosion is a leading cause of roofing system failure, particularly in coastal, 
industrial, or agricultural environments where corrosive agents are prevalent. Selecting 
the correct fastener material and protective coating is essential to extending the 
service life of both the fastener and the panel system. 
 
The most common fastener materials include: 

• Carbon steel with zinc or galvanized coating – Generally cost-effective but 
prone to red rust if coating is breached. 

• 304 and 316 stainless steel – Highly corrosion-resistant, especially 316 in marine or 
acidic environments. 

• Bimetallic fasteners – Use a carbon steel core with a stainless steel cap to 
combine strength and corrosion protection. 

 
Fastener coatings, such as zinc-aluminum alloys or organic polymer coatings, add 
further protection. Fasteners should be matched to panel material to avoid galvanic 
corrosion—a process where dissimilar metals in electrical contact cause accelerated 
degradation of the less noble metal. 
 
In addition to material choice, engineers must consider installation factors that impact 
longevity: 

• Washer integrity – Neoprene or EPDM washers must be intact and properly 
seated to prevent moisture intrusion. 

• Avoiding over-torque – Excessive torque can compress or damage washers, 
compromising seal integrity. 

• Fastener spacing and placement – Uniform spacing, especially at edges and 
corners, ensures distributed loading and avoids concentration of stress. 

 
Routine inspections should be part of the building maintenance schedule, as degraded 
or missing fasteners can quickly lead to water infiltration, panel uplift, and secondary 
structural damage. 
 
In conclusion, fastener systems are not secondary to the performance of a metal 
roofing system—they are structural and weatherproofing elements in their own right. 
Engineers must carefully evaluate load requirements, thermal movement, substrate 
conditions, corrosion risks, and manufacturer specifications when designing and 
specifying metal roof fastening systems. 
  



Chapter 5: Underlayments, Insulation, and Vapor Barriers 
 
Synthetic vs. Felt Underlayments 
Underlayments serve as the secondary moisture barrier in metal roofing systems, 
positioned directly beneath the metal panels and above the structural decking or 
purlins. Their role is multifaceted: they provide temporary waterproofing during 
construction, protect against wind-driven rain intrusion, and enhance fire and thermal 
performance.  
 
The two primary types of underlayments used in metal roofing are asphalt-saturated felt 
and synthetic underlayments, each with distinct properties and applications. 
 
Asphalt-saturated felt, commonly known as roofing felt or tar paper, is one of the oldest 
types of underlayment. It typically comes in 15- and 30-pound ratings, with the heavier 
version offering better durability and weather resistance. While felt is widely available 
and economical, it is vulnerable to wrinkling, tearing, and UV degradation if exposed 
for extended periods. Its water resistance is limited, and its weight and absorptive 
characteristics can make installation more labor-intensive. 
 
Synthetic underlayments, by contrast, are manufactured from woven or spun polymers 
such as polypropylene or polyethylene. These materials are stronger, lighter, and more 
tear-resistant than felt. They resist mold growth, have better slip resistance for installers, 
and can remain exposed to the elements for weeks or even months, depending on the 
product. Synthetic underlayments also provide more consistent water resistance and 
are less likely to break down under thermal stress. 
 
In metal roofing systems, especially those on low-slope or high-exposure buildings, 
synthetic underlayments are increasingly considered the superior choice due to their 
enhanced performance characteristics. However, proper overlap, fastening, and 
sealing practices must be followed to ensure continuity of the moisture barrier, 
particularly at ridges, valleys, and eaves. 
 
Thermal Resistance and R-Value Considerations 
Insulation in metal roofing systems plays a vital role in managing energy efficiency, 
condensation control, and occupant comfort. Metal panels by themselves offer very 
little thermal resistance; their high conductivity can lead to rapid heat loss in winter and 
heat gain in summer. Consequently, engineers must design an insulation strategy that 
meets or exceeds minimum building code requirements for R-values while also 
accounting for climate zone, dew point control, and ventilation. 
 
Common insulation types used in metal roofing systems include: 

• Fiberglass batt insulation, typically laid over purlins or between framing members. 
Economical and easy to install, but prone to compression and moisture 
absorption. 

• Rigid foam boards such as polyisocyanurate (polyiso), extruded polystyrene 
(XPS), or expanded polystyrene (EPS). These provide high R-values per inch and 
can be installed above the deck to form a continuous thermal barrier. 



• Spray polyurethane foam (SPF), which expands in place to form an air-tight, 
moisture-resistant layer. Often used in retrofits or complex geometries. 

 
A continuous insulation strategy is highly recommended, especially in metal roofing 
over conditioned spaces. This involves placing insulation above the structural deck, 
thereby eliminating thermal bridges at framing members and reducing condensation 
risk. Thermal spacers and thermal breaks at clip connections can further enhance 
performance in standing seam systems. 
 
Engineers must evaluate the effective R-value of the entire assembly, including air 
spaces, reflective barriers (if used), and potential for thermal degradation over time. 
The insulation thickness must be coordinated with fastener length and clip system 
requirements to ensure structural performance is not compromised. 
 
Moisture Control and Air Sealing Integration 
Condensation is a common concern in metal roofing assemblies, particularly in climates 
with large temperature swings or high interior humidity. Moisture forms when warm, 
humid air comes into contact with cooler surfaces, such as the underside of a metal 
panel. If not managed, condensation can lead to mold growth, insulation degradation, 
and corrosion of structural elements. 
 
Effective moisture control requires an integrated strategy involving: 

• Vapor retarders – These are barriers installed on the warm side of the insulation 
layer to prevent indoor moisture from migrating into the roof cavity. Vapor 
retarders are classified by their permeability and must be selected based on the 
project’s climate zone and occupancy use. 

• Ventilation – Proper attic or roof cavity ventilation allows moisture-laden air to 
escape. This may include ridge vents, soffit vents, or mechanical systems. 
Ventilation is particularly important in unconditioned metal buildings. 

• Air sealing – Air leaks are often the primary driver of condensation problems. 
Comprehensive air sealing at penetrations, joints, and transitions is essential to 
minimize uncontrolled air movement. 

 
A key engineering consideration is the placement of the dew point within the roof 
assembly. If the dew point falls within the insulation layer, the assembly must be 
designed to prevent moisture accumulation at that location. This often necessitates 
moving the insulation to the exterior of the structure or increasing its thickness. 
 
The coordination of underlayment, insulation, and vapor/air barriers must be performed 
holistically. Misalignment or incompatibility between these components can negate the 
benefits of each and lead to building performance failures. 
 
 
  



Chapter 6: Water Shedding, Drainage, and Roof Slope 
Design 
 
Minimum Slope Requirements by Profile 
The ability of a metal roof to effectively shed water depends significantly on its slope, or 
pitch, which is defined as the ratio of vertical rise to horizontal run. Roof slope not only 
determines how quickly water evacuates the roof surface, but also influences panel 
profile selection, fastening techniques, drainage design, and underlayment 
requirements. 
 
Metal roofing systems are divided into two broad categories: architectural panels, 
which rely on underlayment as the primary weather barrier, and structural panels, 
which are designed to act as both weather barrier and structural diaphragm. Structural 
panel systems, including mechanically seamed standing seam or deep rib profiles, are 
typically used on low-slope roofs found in commercial or industrial buildings. 
 
Standard slope guidelines for metal roofing profiles are generally as follows: 

• Standing seam panels (mechanically seamed): As low as ¼:12 (2%) with sealed 
seams and manufacturer-approved installation. 

• Snap-lock standing seam panels: Minimum slope of 3:12 due to reduced 
watertightness at shallow angles. 

• Corrugated panels (through-fastened): Require at least 3:12 to ensure water is 
not trapped at fastener penetrations. 

• Batten seam or architectural panels: Usually require slopes of 4:12 or greater for 
proper performance. 

 
The lower the slope, the greater the dependency on panel seam integrity, 
underlayment continuity, and drainage control. In flat or low-slope assemblies, water 
can pond or back up under panel seams unless proper seam sealants, butyl tape, or 
mechanical locks are employed. These roofs may also require more robust substrates 
and vapor control to prevent moisture-related degradation. 
 
Edge Flashing, Drip Edges, and Gutter Integration 
Edge flashing is a critical component of metal roof design, serving both aesthetic and 
functional purposes. Flashing details manage the transition between roof panels and 
adjacent building elements while directing water away from vulnerable joints or 
terminations. 
 
Drip edges are installed along the eaves and rakes to guide water off the roof and 
away from the fascia. They must be formed with an outward projection to prevent 
capillary action that could draw water back into the roof structure. Drip edges are 
often integrated with ice and water shields in cold regions to prevent damage from ice 
damming. 
 
Valley flashing, rake flashing, ridge caps, and endwall/headwall flashing are other 
critical transition components, each with their own slope, sealant, and fastener 



requirements. Poorly designed or installed flashing is a common source of leaks and 
structural decay. 
 
Gutter systems must be coordinated with metal roofing profiles to manage runoff 
effectively. This includes: 

• Ensuring gutters are sized based on local rainfall intensity and roof area (typically 
using rational method or similar drainage calculation). 

• Installing snow guards above gutters in snow-prone regions to prevent ice loads 
from damaging gutter brackets. 

• Using compatible metals to avoid galvanic corrosion (e.g., aluminum gutters with 
aluminum roofs or isolation layers with dissimilar metals). 

 
Gutter placement must also consider the potential for overflow during heavy storms or 
debris blockage. High-capacity box gutters or internal scupper systems may be 
required on large commercial buildings with long eave runs. 
 
Ice Dams, Backflow, and Water Intrusion Risks 
Metal roofs in cold climates are prone to ice damming, which occurs when snow melts 
due to building heat loss, flows downward, and refreezes at the colder eaves. This forms 
an ice barrier that prevents subsequent meltwater from draining properly, causing it to 
back up under roof panels and into the building. 
 
While metal roofing systems naturally shed snow more readily than asphalt or tile, they 
are not immune to ice dam problems. In fact, the smooth surface of metal panels can 
accelerate snow movement, causing dangerous shedding onto gutters, sidewalks, or 
entryways.  
 
This hazard requires careful planning and mitigation strategies: 

• Snow retention systems such as snow guards or snow fences break up large 
sliding snow masses into smaller, manageable sections. 

• Heated cables may be installed along eaves to prevent ice buildup in extreme 
climates. 

• Improved insulation and air sealing in the attic or roof assembly can reduce heat 
loss, which is often the root cause of ice damming. 

 
Backflow of water is another concern, especially on low-slope roofs where water can 
infiltrate through seams or flashing. Capillary action can draw water uphill at panel laps 
or end closures, particularly where sealants or underlayment are compromised. Proper 
lap orientation, sealing materials, and panel orientation are essential in these scenarios. 
 
Engineers must ensure that roof designs accommodate worst-case environmental 
scenarios—long-duration rainfall, wind-driven rain, snow accumulation, or blocked 
drainage. Inadequate drainage planning is one of the leading causes of roof system 
failure, even in metal systems known for durability. 
 
Effective water shedding and drainage require a systems-based approach—slope, 
seam integrity, flashing, underlayment, and drainage must be coordinated to create a 
robust and resilient roofing assembly.  



Chapter 7: Corrosion Resistance and Coating Systems 
 
Galvanized, Galvalume, and Aluminum Alloys 
Corrosion resistance is a foundational concern in the engineering of metal roofing 
systems, as continuous exposure to water, oxygen, salts, and airborne pollutants can 
significantly degrade performance over time. The type of metal selected directly 
determines the roof’s ability to withstand corrosive environments, and each alloy offers 
unique properties in terms of protection, appearance, and longevity. 
 
Galvanized steel is created by applying a protective zinc coating to a steel substrate, 
typically through a hot-dip process. Zinc serves as a sacrificial layer, corroding before 
the steel core is compromised. Galvanized coatings are categorized by weight—
commonly G90 (0.90 oz/ft²) or G60—indicating the total zinc coating on both sides of 
the sheet. G90 offers more robust protection, particularly for exterior roofing 
applications. However, in marine or industrial environments, zinc coatings alone may 
break down too quickly to provide the required service life. 
 
Galvalume steel improves upon galvanized steel by combining aluminum (about 55%), 
zinc (about 43.4%), and silicon (about 1.6%). This composition forms a metallurgical 
bond that provides both barrier protection (via aluminum) and sacrificial protection (via 
zinc). Galvalume has proven to offer two to four times the corrosion resistance of 
galvanized steel in most environments. It is the industry standard for metal roofing in 
areas with high humidity or moderate salt exposure. However, Galvalume performs 
poorly in direct contact with concrete or treated wood, where chemical reactions can 
rapidly accelerate corrosion. 
 
Aluminum offers intrinsic corrosion resistance due to the formation of a natural oxide 
layer that prevents further degradation. It is especially effective in marine and coastal 
environments, making it ideal for seaboard roofing applications. Unlike zinc-coated 
steels, aluminum does not rely on sacrificial protection, but rather acts as a passive 
barrier. While it resists corrosion very well, it is softer than steel and requires careful 
structural support, especially in high-wind regions or on long spans. Aluminum roofing 
systems typically use heavier gauges to compensate for the reduced strength. 
 
Material selection must always be matched to environmental exposure. Engineers must 
account for airborne salt, industrial fumes, acid rain, and temperature cycling when 
specifying roofing alloys. In addition, contact with dissimilar metals must be avoided to 
prevent galvanic corrosion—a process where differing electrochemical potentials 
cause accelerated deterioration when metals are in electrical contact in the presence 
of moisture. 
 
PVDF vs. SMP Coating Systems 
In addition to the inherent corrosion resistance of base metals, factory-applied coatings 
offer a critical layer of protection against UV radiation, moisture, and airborne 
contaminants. These coatings also provide color, reflectivity, and visual consistency. The 
two most common coating systems used in metal roofing are polyvinylidene fluoride 
(PVDF) and silicone-modified polyester (SMP). 



 
PVDF coatings, often marketed under trade names like Kynar 500® or Hylar 5000®, are 
considered the premium standard in architectural metal roofing. These coatings are 
composed of high-performance fluoropolymer resins that exhibit excellent color 
retention, gloss stability, and resistance to chalking and chemical degradation. PVDF 
coatings are typically applied in a multi-coat process, including a primer and topcoat, 
and often incorporate ceramic pigments for long-term fade resistance. 
 
Benefits of PVDF coatings include: 

• Superior UV and weather resistance 
• Exceptional chemical and pollution tolerance 
• Long-term color retention (often with 30–50 year warranties) 
• Low maintenance and ease of cleaning 

 
SMP coatings are more economical and are widely used in agricultural, commercial, 
and industrial metal buildings. They are typically composed of polyester resins 
enhanced with silicone to improve UV resistance. While not as robust as PVDF systems, 
SMP coatings offer a good balance of cost and performance for less demanding 
applications. 
 
Limitations of SMP coatings include: 

• Higher rates of color fade and chalking over time 
• Less resistance to chemical exposure and salt air 
• Shorter warranty durations (typically 20–30 years) 

 
The choice between PVDF and SMP should be based on the project’s visual 
requirements, environmental exposure, and long-term performance goals. For example, 
high-end residential or coastal commercial buildings benefit from PVDF, while 
agricultural structures may be adequately served by SMP. 
 
Coastal, Industrial, and Agricultural Exposure 
Environmental aggressors play a dominant role in the long-term integrity of metal 
roofing systems. Engineers must evaluate the anticipated service environment carefully 
before selecting materials and coatings. 
 

• Coastal environments involve constant exposure to salt-laden air and moisture, 
which accelerates both galvanic and uniform corrosion. In these zones, 
aluminum or Galvalume with PVDF coatings is preferred. Bare galvanized steel is 
generally unsuitable for marine applications. 

• Industrial zones introduce pollutants such as sulfur dioxide, ammonia, and acid 
vapors. These compounds can compromise coatings and corrode bare metal 
surfaces. PVDF coatings with high chemical resistance, along with non-reactive 
base metals, are advisable. 

• Agricultural environments expose metal roofs to elevated levels of ammonia, 
moisture, and organic acids from livestock operations. Galvalume’s performance 
can be compromised in such conditions. Coatings must be selected that resist 
breakdown in high-humidity, chemical-laden air. In barns and confined animal 



feeding operations, interior panel coatings should be specified with corrosion 
inhibitors as well. 

 
Corrosion mapping and risk analysis tools can assist engineers in assessing exposure 
zones. Where conditions are extreme or uncertain, additional protective measures such 
as factory-sealed edges, back-side coatings, or isolating barriers may be warranted. 
 
By understanding how each material and coating system behaves under different 
environmental conditions, engineers can ensure that metal roofing systems meet their 
expected service lives and minimize maintenance requirements. A well-engineered 
metal roof must combine the correct base metal, protective coating, and design 
detailing to achieve long-term durability. 
 
 
  



Chapter 8: Acoustics, Fire Ratings, and Energy Efficiency 
 
Sound Transmission Class and Damping 
One of the common misconceptions about metal roofing systems is that they inherently 
produce excessive noise, particularly during rain or hail events. While uninsulated or 
improperly installed metal panels can indeed be noisy, modern metal roof assemblies 
can be engineered to achieve sound levels comparable to, or even better than, 
traditional asphalt shingle or tile systems. 
 
The acoustic performance of a roofing system is measured using the Sound Transmission 
Class (STC) and Impact Insulation Class (IIC) ratings. STC evaluates the system’s ability 
to reduce airborne sound transmission, while IIC focuses on resistance to impact noise, 
such as footsteps or hail.  
 
Bare metal panels typically exhibit poor acoustic isolation, but their performance can 
be substantially improved through the addition of: 

• Insulation layers (such as fiberglass batts, rigid foam, or mineral wool), which 
absorb airborne sound waves 

• Acoustic underlayments or resilient mats, which dampen vibration and reduce 
impact noise 

• Ventilated airspaces, which disrupt the transmission path of sound 
• Structural decking, such as plywood or oriented strand board (OSB), which 

increases system mass and reduces resonance 
 
In commercial and institutional buildings, acoustical performance is often a design 
priority. High-traffic areas, auditoriums, and classrooms may require enhanced 
assemblies that include acoustic mats or dual-deck systems to limit echo and sound 
penetration. 
 
Fire Classification and Assembly Ratings 
Fire performance is a critical consideration in the design and specification of roofing 
systems, especially in wildland-urban interface zones or facilities requiring compliance 
with stringent fire codes.  
 
Roofing systems are classified according to ASTM E108 or UL 790, which establish fire 
resistance categories as: 

• Class A – Highest fire resistance, withstanding severe exposure to fire originating 
outside the building 

• Class B – Moderate fire resistance 
• Class C – Limited fire resistance 

 
Most factory-coated metal panels used in roofing systems qualify for Class A ratings 
when installed over non-combustible substrates such as gypsum board or concrete. 
However, the entire roof assembly—including underlayment, insulation, and decking—
must be evaluated to determine the fire classification. A fire-rated metal roof is only as 
resistant as its weakest component. 
 



Non-combustible metal roofing materials (e.g., steel, aluminum, copper) do not 
contribute fuel to a fire, and thus, when properly installed, can serve as effective fire 
barriers. Special considerations include: 

• Use of fire-resistant underlayments, particularly in wildfire-prone areas 
• Closed eave designs, which prevent embers from entering attic spaces 
• Ember-resistant vents and screen systems, which restrict fire intrusion 
• Limiting use of flammable sealants or insulation materials 

 
Fire-rated assemblies may be required by local jurisdictions or building insurance 
policies and should be verified against code-specific fire requirements such as those in 
the International Building Code (IBC) or NFPA guidelines. 
 
Cool Roofing, Reflectivity, and Emissivity Metrics 
In many climates, energy efficiency is a primary concern for both new construction and 
retrofits. Metal roofing systems can be engineered to reduce heat gain, lower cooling 
loads, and contribute to overall building sustainability. This is largely achieved through 
the thermal reflectance and emissivity properties of the panel’s finish. 
 

• Solar reflectance (or albedo) measures the roof’s ability to reflect sunlight, 
particularly in the visible and infrared spectrum. A high reflectance reduces the 
amount of solar radiation absorbed by the roof surface. 

• Thermal emissivity refers to the roof’s ability to release absorbed heat. A high-
emissivity surface will cool quickly after the sun sets or clouds move in. 

 
These properties are typically quantified using Solar Reflectance Index (SRI), a 
composite value that accounts for both reflectance and emissivity. SRI values range 
from 0 (black surface) to 100 (highly reflective white surface), with some coatings 
exceeding 100. The Cool Roof Rating Council (CRRC) provides third-party ratings of 
roofing products based on SRI and other thermal performance metrics. 
 
Cool metal roofing systems, especially those coated with PVDF finishes in light colors or 
“cool pigments,” can reduce roof surface temperatures by up to 50°F compared to 
conventional dark roofs. This translates into reduced energy consumption for air 
conditioning, extended roof membrane life, and lower heat island effect in urban 
settings. 
 
Other energy-saving design considerations include: 

• Radiant barriers, installed under metal panels to reduce radiant heat transfer 
• Continuous insulation systems, which eliminate thermal bridges and enhance R-

value performance 
• Ventilated assemblies, such as above-sheathing ventilation (ASV), which allow 

convective cooling beneath the panels 
 
Metal roofing systems can contribute to LEED certification, energy codes (such as IECC 
and Title 24), and other green building standards when properly specified and 
documented. While the initial cost of high-performance coatings or assemblies may be 
higher, long-term energy savings and increased occupant comfort offer substantial 
return on investment. 



 
In summary, a metal roofing system is not merely a structural or weathering surface—it 
can be a dynamic part of the building’s energy, safety, and acoustic strategy. Careful 
material and system selection, combined with climate-appropriate design, ensures that 
modern metal roofs provide not only durability but also superior performance in critical 
building functions. 
 
 
  



Chapter 9: Codes, Standards, and Best Practice Guidelines 
 
ASCE 7 Load Requirements 
A central component in the engineering design of metal roofing systems is adherence 
to the structural load requirements defined in ASCE 7 – Minimum Design Loads and 
Associated Criteria for Buildings and Other Structures.  
 
This standard, adopted by building codes nationwide, governs the calculation of 
design loads that a roof must safely support throughout its lifespan. These include dead 
loads, live loads, snow, wind, seismic forces, and other special loads, such as rain-on-
snow or ice accretion in cold climates. 
 
For metal roofing, wind uplift is a critical loading condition. ASCE 7 provides specific 
procedures to determine wind pressures based on the building’s location, height, 
exposure category (e.g., open terrain vs. urban setting), and roof geometry. Wind loads 
vary across different zones of the roof, with edge and corner zones typically subject to 
significantly higher pressures than interior zones. Engineers must ensure fastener and clip 
systems meet or exceed the required uplift resistance values derived from these 
calculations. 
 
Snow loads are particularly important in northern and mountainous climates. ASCE 7 
includes provisions for ground snow loads, drift loads, sliding snow, and unbalanced 
loading—conditions that must be accounted for in metal roofs with low pitch or 
obstructed drainage paths. 
 
Seismic considerations, while often secondary for roofing, may still influence diaphragm 
behavior or fastener detailing in certain seismic design categories. Additionally, live 
loads from maintenance personnel and rain loads from temporarily ponded water must 
be evaluated, particularly on low-slope metal roofs. 
 
Load combinations, including factors of safety and serviceability criteria (such as 
allowable deflection), are specified in ASCE 7 and must be implemented as part of the 
full structural analysis of the roofing system. 
 
International Building Code (IBC) 
The International Building Code (IBC) is the primary model code adopted by U.S. 
jurisdictions, and it incorporates many referenced standards, including ASCE 7, ASTM 
specifications, and UL fire classifications. The IBC governs minimum requirements for 
roofing materials, installation practices, fire resistance, structural performance, and wind 
resistance. 
 
For metal roofing, key IBC provisions include: 

• Section 1504: Specifies wind resistance testing, such as UL 580 or ASTM E1592, to 
validate panel performance under wind uplift. 

• Section 1505: Establishes fire classification requirements for roof coverings, based 
on testing per ASTM E108 or UL 790. 



• Section 1507.4: Provides detailed installation criteria for metal roof panels, 
including slope requirements, fastener placement, and underlayment provisions. 

• Chapter 16: Integrates structural loading criteria from ASCE 7. 
 
IBC compliance is mandatory for most commercial and residential projects in the 
United States, and metal roofing products must be tested, rated, and documented to 
demonstrate code conformance. This includes documentation such as product 
approval reports, evaluation service reports (ESRs), or listings from recognized testing 
laboratories like UL, FM Global, or ICC-ES. 
 
Local amendments to the IBC may also exist and must be checked in each jurisdiction. 
For example, some coastal areas impose stricter wind uplift requirements, while wildfire-
prone regions may enforce more stringent fire classification standards. 
 
Metal Construction Association and NRCA Guidelines 
Beyond regulatory codes, engineers rely on industry best practice guidelines to ensure 
proper design, detailing, and installation of metal roofing systems. Two of the most 
respected sources are the Metal Construction Association (MCA) and the National 
Roofing Contractors Association (NRCA). 
 
The MCA publishes technical manuals, white papers, and performance guides that 
address advanced topics such as thermal bridging, snow retention systems, fastener 
corrosion, acoustic performance, and energy efficiency.  
 
MCA’s “Metal Roofing Systems Design Manual” is widely recognized as a reference 
standard for engineering professionals and includes: 

• Guidance on panel design, seam geometry, and wind performance 
• Recommendations for thermal movement detailing 
• Discussion of coating systems and corrosion considerations 
• Interface detailing between roofing and adjacent systems 

 
The NRCA provides authoritative resources on roofing practices through its “Roofing 
Manual” series, which includes volumes on metal panel roof systems, membrane 
roofing, and architectural sheet metal. These manuals are particularly valuable for 
installation contractors, inspectors, and design professionals overseeing construction 
phase quality assurance.  
 
Topics covered include: 

• Substrate preparation and compatibility 
• Underlayment and insulation installation 
• Edge metal, flashing, and drainage detailing 
• Maintenance and repair procedures 

 
While building codes provide minimum requirements, MCA and NRCA materials serve 
as guidance for achieving high-performing, long-lasting roofing systems that surpass 
baseline expectations. In addition, specifications from manufacturers must be followed 
exactly to ensure warranty eligibility and long-term product integrity. 
 



Engineers should integrate both mandatory codes and voluntary best practices into 
their roofing design documentation, specifications, and oversight procedures. A well-
documented project that aligns with IBC provisions and industry recommendations 
reduces liability, improves performance outcomes, and ensures the roofing system 
functions as an integral component of the building envelope. 
 
 
  



Chapter 10: Failure Modes, Risk Mitigation, and System 
Integration 
 
Common Failures in Panel Systems and Flashing 
Despite the inherent durability of metal roofing systems, a range of failures can occur 
when design principles are overlooked or installation practices are substandard.  
 
The most common failure modes in panel systems and flashing components include: 

• Water infiltration at seams or fasteners – Inadequate sealing of standing seams or 
exposed fasteners often leads to leaks, particularly under wind-driven rain. 
Improper torqueing, missing gaskets, or overtightened screws can compromise 
waterproofing integrity. 

• Panel blow-off from wind uplift – This is typically a result of inadequate fastener 
pullout resistance, improper clip spacing, or noncompliance with zone-specific 
wind pressure requirements. Corners and eaves are especially vulnerable to uplift 
forces. 

• Corrosion at panel edges or dissimilar metal interfaces – Unsealed cut edges 
and contact with incompatible metals (e.g., aluminum touching copper or 
treated wood) can result in localized galvanic corrosion, especially in humid or 
coastal conditions. 

• Oil canning and thermal distortion – Excessive panel length without expansion 
detailing, improper substrate preparation, or incorrect fastener spacing can 
cause visible waviness or deformation in flat-panel systems. While primarily 
aesthetic, oil canning may indicate thermal stress that could lead to fatigue over 
time. 

• Flashings and trim dislocation – Poorly anchored or improperly lapped flashing 
components can separate or deform, especially under thermal cycling or 
building movement. These areas are frequent sources of water entry and 
premature deterioration. 

• Ice damming and drainage backup – Lack of thermal breaks or inadequate 
insulation may cause snow to melt and refreeze at eaves, leading to backflow 
under panels and ice damage to gutters or fascia boards. 

 
Each of these failure types reflects a breakdown in system integration—where structural, 
mechanical, and environmental forces exceed what the assembly can tolerate. 
Diagnosis often reveals that these failures are not caused by the metal itself, but by 
overlooked detailing, code noncompliance, or insufficient understanding of site-
specific conditions. 
 
Design Oversights Leading to Water Intrusion 
Water intrusion is arguably the most critical failure mode in roofing assemblies. While 
metal roofing is often considered impermeable, laps, seams, fasteners, and 
penetrations create potential leak paths if not engineered and installed correctly.  
 
 
 



Design oversights that commonly lead to moisture problems include: 
• Underestimating thermal movement – Without slip detailing or expansion joints, 

panels may shift or warp over time, compromising seams and displacing flashing 
components. 

• Improper slope specification – Installing profiles with slope values below 
manufacturer recommendations increases the likelihood of capillary action, 
ponding, and backflow through seams. 

• Insufficient underlayment protection – Low-slope roofs or complex geometries 
require premium-grade synthetic underlayment or peel-and-stick membranes to 
act as redundant moisture barriers. 

• Inadequate flashing transitions – Complex interfaces such as dormers, skylights, 
hips, and valleys require precise, sealed flashing assemblies. Even small detailing 
mistakes can lead to persistent leaks and damage to underlying insulation or 
decking. 

• Over-reliance on caulks or sealants – Sealants degrade over time due to UV 
exposure and movement, and they should never be the primary line of defense 
in weatherproofing critical joints. 

 
To avoid these risks, engineers must coordinate closely with the construction team, 
specify third-party inspections, and validate that field conditions match design 
assumptions. Prefabricated or pre-engineered metal systems may improve consistency, 
but field verification is still essential to ensure longevity. 
 
Integration with Solar Panels, Skylights, and Mechanical Penetrations 
Modern roofing assemblies often serve multiple functions beyond weatherproofing. 
Integration with photovoltaic systems, natural daylighting elements, and mechanical 
equipment introduces new structural and waterproofing challenges. 
 
Solar panels add both dead load and uplift concerns. Mounting systems must be 
designed to anchor securely to structural members without puncturing the roof 
membrane or compromising panel waterproofing.  
 
Engineers must: 

• Evaluate wind uplift zones and coordinate panel attachment locations 
accordingly 

• Ensure that mounting rails, clips, and brackets are compatible with the metal roof 
material to prevent galvanic corrosion 

• Account for drainage patterns to avoid water pooling around mounting 
brackets or wiring 

 
Skylights and daylighting panels require precise curb or flashing integration. 
Prefabricated curbs must be coordinated with panel layout to prevent cutting or 
notching of roofing profiles that could disrupt drainage flow. Skylight installations must 
also account for condensation control, especially in cold climates, through use of 
insulated curbs and proper vapor barriers. 
 
Mechanical penetrations, such as HVAC ducts, vents, or plumbing stacks, are high-risk 
points for water intrusion.  



 
Penetration flashings should be: 

• Factory-fabricated when possible to ensure quality 
• Installed with redundant sealing systems, such as compression boots, 

counterflashing, and sealant barriers 
• Sloped and oriented to prevent water from pooling around the base of the 

penetration 
 
All rooftop systems must be detailed in a unified roofing plan, not treated as isolated 
installations. Penetrations should be minimized where possible, clustered in low-risk 
zones, and carefully flashed and reinforced. Coordination between disciplines—
mechanical, electrical, architectural, and structural—is essential for a cohesive roof 
design. 
 
Finally, ongoing maintenance must be built into the roof’s life cycle plan. Even the best-
engineered systems are subject to degradation from weather, movement, and human 
activity. Routine inspections, fastener checks, sealant touch-ups, and panel cleaning 
are essential to sustaining long-term system integrity. 
 
By treating the metal roofing system not as an isolated surface but as an integrated 
component of the building’s structural and environmental envelope, engineers can 
ensure resilience, durability, and high performance for decades to come. 
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