
Roofing



Roofing – Thermal and Moisture Protection
• Most buildings are designed to create an interior, 

controlled environment that provides protection from 
undesirable exterior conditions. In addition, all building 
design must address deterioration over time due to the 
elements.

• Thermal protection is provided with insulating materials, 
sheathing, and finishes. Moisture in its liquid state is 
visible in the form of rain, fog, snow, sleet etc. It is 
prevented from entering buildings through the use of 
proper roofing, drainage, flashing, and grading. While it 
does not pose a danger in its vapor state, water vapor
has the potential to transform into liquid or ice, and thus 
create damage to a building’s structure, finish, or 
insulating capabilities. 



Roofing – Thermal Insulation

• Heat is transmitted between spaces in one of 
three ways: 
– conduction (occurs when materials are in direct 

contact), 
– convection (occurs in a fluid medium such as air or 

liquid), 
– radiation (transfer of heat between two materials 

that are in close proximity but not in contact). 

• Insulating material mitigates the heat transfer 
flow from hot to cold. The measure of a 
material’s ability to resist heat flow is called R-
value. The greater the R-value, the greater the 
ability to resist heat flow.



Roofing – Thermal Insulation Types

• Batt Insulation – Glass or organic fiber roll insulation. The most 
common form of insulation, used in a wide range of applications 
including walls, floors and roofs. R Value is 11.00 for 3 ½”
thickness.

• Rigid Board Insulation – Usable in all parts of a building including 
walls, foundations, roofs, and in the cores of CMU’s. R Value is 
2.75 for a common 1” thick board.

• Loose Fill – Poured or blown into place. Normally used in attics 
and wall cavities or to fill the voids of CMU walls. R Value is 3.90 
for 4” thick section.

• Foamed-in-place Insulation – Sprayed insulation that expands and 
solidifies into a cellular plastic. Effective on irregularly shaped 
construction, but care must be taken not to overfill cavities.  R 
Value is 6.00 for a 1” thickness.



Roofing – Water Vapor
• Water Vapor Properties:

– Water vapor is water in its gaseous state. 
– The transition of water vapor to liquid is called condensation. 
– The transition of liquid water to water vapor is called evaporation. 
– The direct transformation of ice to water vapor is called sublimation. 
– The transformation of water or ice to vapor requires substantial heat 

input. Therefore, when water evaporates from a surface, that surface 
is cooled – as in the case of perspiring skin. 

• Relative Humidity:
– The amount of water vapor a given mass of air can hold is dependent 

on the air temperature and the air pressure. 
– Relative humidity is a percentage measure indicating the amount of 

water vapor in the air relative to the maximum amount the same air 
can contain. 

– At a relative humidity of 100%, the air is said to be saturated and at 
the point where condensation will begin. 

– The temperature at which saturation occurs is called the dew point 
temperature, or when below 32 degrees Fahrenheit, the frost point 
temperature.



Roofing – Water Vapor
• Effects of Temperature on Relative Humidity

– The warmer a mass of air, the more water vapor it c an hold. As a
warm mass of air is cooled, its relative humidity i s raised. 

– As warm air passes into an area that causes its tem perature to 
drop beneath the dew point temperature, the vapor w ithin the air
mass will condense into liquid. 

– This poses particular problems in insulated walls, where there is 
a great temperature difference between exterior and  interior. 

• Vapor Movement

– Vapor will move independent of air movement from re gions of 
higher temperature and vapor pressure to areas of l ower 
temperature and vapor pressure. 

– Air vapor will move from warmer heated space to coo ler exterior 
temperatures, and likewise, that air vapor will mov e from a humid 
exterior environment to a cooler air conditioned en vironment.



Roofing – Water Vapor Effects
• Moisture is not damaging to structures in its vapor  state, 

however, should this vapor condense into liquid, nu merous 
problems can result. These include:

– Dimensional instability

– Decay of organic materials

– Corrosion of metals

– Blistering of paint coatings

– Increased heat flow

• Should water vapor freeze into ice, it also has the  potential to
create:

– Cracking or spalling of concrete and stone

– Deterioration of mortar joints



Roofing – Water Vapor Control
• Water vapor can be prevented from liquefying in bui lding cavities through the use of 

the following devices:

– Vapor Retarder – a relatively impermeable film material of plastic,  metal foil or treated paper 
that prevents water vapor from entering insulation and condensing into liquid. The vapor 
retarder should be located on the warm side of the thermal insulation.

– Ventilation – Ventilation should be provided in buildings in two forms:

• Interior Ventilation – air movement introduced into an interior space to control the amount of moisture 
in the air as in the case of a bathroom or kitchen.

• Cavity Ventilation or Venting – Cavity ventilation is air movement within the wall s of a structure that 
promotes the dissipation of water vapor. In walls a nd roof structures this involves the location of vents
in such a way to allow air to freely circulate. 

• Older buildings allowed air leakage and dissipation  of moisture. In buildings today, 
materials are typically sealed much more tightly, n ecessitating venting details.

– Roof venting : allows water vapor to escape, provides protection  against ice dams that form 
when melted snow refreezes over unheated sections o f the roof. 

• Examples of roof vents include the following:

– Soffit Vent or Eave Vent – Located along the flat side of a roof overhang. 

– Gable Vent – Located on the exterior wall just beneath the peak  of the roof.

– Rake Vent – Continuous vent holes located along the rake of the roof (the sloping board of the roof edge).

– Ridge Vent – Located on the roof along the peak.



Roofing – General Terms

• Proper roof construction is critical to a building’ s ability to provide 
adequate shelter. 

– Provides the first line of defense against rain, sn ow and sun.

– Insulates from temperature extremes. 

– Protects against water vapor condensation.

• Because the roof surface is always exposed, the roo f experiences
the largest temperature differential over the cours e of a day. 

– Roofing materials are particularly susceptible to e xpansion and 
contraction due to solar radiation. 

– In cold climates, where snow and ice accumulate, ro ofing must also be 
able to accommodate cycles of freezing and thawing.



Roofing – Design Considerations
• Climate – Atmospheric conditions may negatively affect certa in materials.

Climate has a large impact on the type of roofing m aterials chosen. For 
example:

– Strong winds may move or damage shingles.

– Asphalt roofing may be damaged under high temperatu res.

– Metal roofing (other than those that are corrosion resistant such as copper) can 
be corroded by salt or industrial exhausts.

• Fire Resistance – Buildings must meet certain fire code requirements , the 
choice of a roofing material is affected by its fir e resistance. Materials such 
as concrete, clay or slate have greater fire resist ance than does wood 
shingle.

• Weight – The heavier a material the greater the dead load, and the larger the 
structure to support it. Copper roofing weighs abou t 1 pound per foot, while 
clay tile may weigh over 10 pounds per foot. 

• Durability and Cost – Durability, along with cost, has a direct impact o n life-
cycle costs and must be considered in all roofing c hoices. Asphalt is 
inexpensive to install, but compared to a high cost  item like slate roofing, it 
will not be as durable.



Roofing – Design Considerations
• Roof Slope – Two different roof types: low-slope roofs and steep roofs . 

– Low-slope roofs are relatively flat roofs from whic h water drains slowly. 

– Steep roofs allow water to run off quickly. The dec ision as to whether to use a 
low-slope roof or steep roof is based on numerous c onsiderations. 

• Advantages and Disadvantages of Low-Slope Roofs

– Advantages:

• Can cover a building of any horizontal dimension

• More economical structure underlying roof.

• Roof can serve as balcony, deck, patio, etc.

– Disadvantages:

• Water drains slowly increasing the possibility for water damage.

• Structural or thermal movement can weaken the membr ane.

• Water vapor pressure from within the building can c ause the roof to blister.



Roofing – Low-Slope Roofs

• A low-slope roof : slope of less than 3:12. A low-s lope roof is a system of interactive 
components that work together to provide a waterpro of insulating barrier. 

• Asphalt and coal-tar pitch are two materials that play an important role in lo w-slope 
roofs. Asphalt is a petroleum by-product and coal-t ar is derived from coal. Both 
materials are solid at normal temperatures and are heated to a liquid state for 
application. Both materials are used to saturate ro ofing felts and as an adhesive. 

• Low-slope roof components include the following: 
– Roof Deck
– Thermal Insulation
– Vapor Retarder
– Roof Membrane
– Ballast
– Drainage Components and Flashing



Roofing – Roof Deck
• Roof Deck – provides a smooth, continuous structural surface a s a base for the roof 

construction. Examples include:

– Plywood or OSB panels over wood joists

– Solid wood decking over timber framing

– Corrugated steel decking

– Sitecast concrete slab

– Precast concrete slab

– Poured gypsum over insulating formboard

• Roof Deck Requirements:

– Provided with joints allowing expansion and contrac tion of the roof membrane. 

– Must be smooth. Wood decks must be free of large ga ps or knotholes, and site cast concrete 
decks should be troweled smooth. Precast concrete pl anks must be topped with a concrete 
fill or grouted between planks. Corrugated steel de cking should be covered with wood panels 
or insulating boards.

– Structural Sound, stiff enough to prevent ponding un der deflection.

• It is extremely important that there be no water on  the deck when roofing is placed 
upon it to prevent water vapor from being trapped b eneath the membrane.



Roofing – Insulation and Vapor Retarder
• Thermal insulation mitigates the flow of heat betwe en 

two different environments. The vapor retarder miti gates 
condensation within the roof construction. 

• There are three possible configurations for thermal  
insulation and vapor retarder location :

– Insulation below the deck: 
• Batt insulation is placed above the vapor retarder a nd beneath 

the deck. This leaves the deck and membrane exposed  to the 
weather, but is relatively easy to build.

– Insulation between the deck and membrane: 
• Rigid insulation panels or lightweight concrete is placed on the

deck with the vapor retarder beneath. 
• The deck is protected, but water can be trapped in the 

insulation. Topside vents should be provided to allow water 
vapor to escape from within the roof structure.

– Insulation above the membrane: 
• Insulation is placed on the exterior of the roof. T he insulation

must retain insulating value when wet and not decay  or 
disintegrate. 

• Insulation boards are laid loose or adhered to the membrane 
with a coat of hot asphalt. 

• Roofing is held down and protected from sunlight by  a layer of 
ballast. When insulation is placed above the membra ne, the 
membrane also serves as the vapor retarder.

• The most common type of vapor retarder for low-slop e 
roofs consists of two layers of asphalt saturated r oofing 
felt bonded together and adhered to the deck with h ot 
asphalt.



Roofing – Low-Slope Roof Membrane
• Roof membrane: a sheet material impervious 

to water or water vapor. 

• Three categories of membranes used for low-
slope roofing :

– Built-Up Roof Membrane – A built-up roof 
membrane is assembled in place from multiple 
layers of asphalt impregnated felt bedded on 
bitumen. The felt is laminated in layers to form 
a membrane 2 to 4 plies thick. The more plies, 
the more durable the roof. A layer of aggregate 
is embedded in the surface of the membrane to 
protect it from sunlight and physical wear.

– Single Ply Roof Membrane – A single sheet 
layer of plastic, synthetic rubber, or modified 
bitumen. Single ply roof membranes are 
usually more elastic than BUR and less prone 
to cracking and tearing. They also require less 
on-site labor. Single ply roof membranes are 
affixed to the roof by: adhesives, weight of 
ballast, by fasteners concealed in the seams 
between sheets, or with mechanical fasteners 
that serve as clamps without puncturing the 
membrane.

– Fluid Applied Membrane – Used primarily 
where roofs have complex shapes such as with 
domes or shells, fluid applied membranes are 
applied in liquid form with a roller or spray gun, 
usually in several coats.



Roofing – Drainage and Flashing
• Drainage Components and Flashing:

– Low-slope roofs must prevent 
standing water and water penetration 
into the roof structure. Puddling can 
lead to deterioration of the roofing 
materials, and progressive structural 
problems. 

• Water run off is accomplished by:

– Sloped Deck Beams – The beams 
supporting the deck are sloped to 
allow the deck itself to slope. This is 
accomplished by shortening some of 
the supporting columns.

– Tapered Insulation – allows 
membrane and roof surface to slope 
as required.

• Flashing must be provided at:
– Roof penetrations
– Intersections of roof and walls
– Roof edges and scuppers
– At parapet walls 



Roofing – Drainage and Flashing



Roofing – Drainage and Flashing



Roofing – Movement Joints

• Expansion joints:

– Allow thermal movement between 
parts of a structure. They extend 
from the foundation through the 
roof. 

– Joints are always located at 
junctions between building wings 
and the main body of the 
building, but they are also 
required at intervals as required 
over a given straight run of 
structure. 

– Roofing expansion joints vary 
from ½” to 1” in width. They are 
made waterproof by the use of 
waterstops, joint sealants, 
flashing, caulking, etc.



Roofing – Steep Roofs

• A steep roof is generally defined as a roof with a 
slope of 3:12 or greater. 

• Steep roofs are capable of shedding water 
quickly. 

• The insulation and vapor retarder in steep roofs 
are most often located beneath the deck. 

• When the underside of the deck is to be left 
exposed as a finish surface, the vapor retarder 
and rigid insulation are placed above the deck, 
just below the roofing. The insulation is covered 
with a layer of plywood or OSB to serve as a nail 
base for fastening the shingles.



Roofing – Steep Roofs

• Advantages and Disadvantages of Steep Roofs
– Advantages:

• Drains quickly.

• Allows for inexpensive coverings that are easy to i nstall.
• Allows simple repair of localized damage.

• Effects of movement are minimized by the ability of  roofing 
units to move with respect to one another.

• Water vapor vents easily through the roofing shingl es.

• Several aesthetically pleasing alternatives availab le.

– Disadvantages:
• Uneconomical when used on broad buildings.

• Roof surface is not level and is therefore uninhabi table as 
exterior space.

• Structure supporting the roof is often complex and expensive.



Roofing – Steep Roof Materials - Shingles

• Shingles – Small units applied to the roof in overlapping lay ers or 
building paper. Shingle types include the following :

– Wood Shingles – decay resistant wood (red cedar, cypress and redwo od), is 
machine sawn and overlapped and nailed to a continu ous or spaced substrate. 
Wood shingles are tapered and installed with their thicker end facing towards 
the bottom of the slope. Wood shingles are not fire  resistant unless pressure 
treated. Moderately expensive. 

– Shakes – Split rather than sawn pieces of wood, shakes have  a much rougher 
face texture than wood shingles. Typically made fro m naturally decay resistant 
species of trees. Not fire resistant unless pressur e treated. Moderately 
expensive. 

– Asphalt shingles – Die cut from heavy sheets of asphalt impregnated f elt. 
Faced with mineral granules that act as wearing sur face and decorative layer. 
Inexpensive, quick to install, moderately fire resi stant. 

– Slate – Slate is a stone roofing material that is delivered  to the site split, 
trimmed to size and punched for nailing. Fire resis tant, very heavy, long 
lasting, expensive.

– Clay Tiles – Tapered barrel shaped tiles that have been used fo r thousands of 
years. Available glazed and unglazed. Highly fire r esistant, heavy, durable and 
expensive.

– Concrete Tiles – Similar to clay tile though differing in color and  somewhat less 
expensive.



Steep Roof Materials – Asphalt Shingles



Steep Roof Materials – Wood Shingles



Steep Roof Materials – Clay/Concrete Tiles



Steep Roof Materials – Architectural Sheet Metal

• Architectural Sheet Metal Roofing – installed in sheets that are 
fastened together to maintain watertightness. Sheet  metal roofing 
is expensive in first cost but is very durable.

• Installation details that allow thermal movement mu st be 
employed. Standing, batten, and flat locked seams a re utilized 
both to connect the separate sheets of material and  to allow 
movement. Such seaming provides distinctive visual lines at 
metal roofing.

• Metals used for sheet metal roofing include:
– Copper – ages to green
– Lead – ages to white
– Lead Coated Copper – stronger than lead with similar appearance
– Terne – steel or stainless steel that is coated with an al loy of tin and 

lead.
– Stainless Steel
– Steel – Galvanized or Painted

• Metals of similar type must be used in all componen ts of a sheet
metal roof including nails and fasteners to prevent  galvanic action
and rapid corrosion.



Steep Roof Materials – Architectural Sheet Metal



Steep Roof Materials – Architectural Sheet Metal



Roofing – Steep Roof Flashing
• Flashing is a protective sheet 

material installed at all 
locations of the roof that are 
vulnerable to water infiltration. 

– Where flashing is not visible, it 
may be composed of sheet 
metals, bituminous-coated 
fabric, plastic, or alternate 
waterproof material. 

– Where visible, flashing is 
typically made from metals 
such as copper, aluminum, 
galvanized steel, terne, etc.

• Typical roof flashing locations :
– Eave flashing 
– Rake flashing
– Valley flashing
– Base and cap flashing at roof 

penetrations
– Chimney flashing



Roofing – Steep Roof Flashing



Roofing – Steep Roof Drainage
• Some codes allow water to drain directly off 

the roof provided: 

– The roof overhang is sufficiently deep.

– The ground beneath the drip line is protected 
with a bed of crushed stone.

• Typically, drainage elements used :

– Gutters – Metal reservoirs located at the roof 
edge used to collect water runoff. Gutters slope 
towards downspouts / leaders.

– Leaders (or downspouts) - Vertical pipes that 
direct water away from the building.

– Splashblock – Precast concrete block used to 
spread the water at the base of a leader.

– Dry Well – Underground seepage pit where 
water runoff can be gathered from a building’s 
downspouts allowing it to seep slowly into the 
soil.


