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In its simplest form, concrete is a mixture of paste and aggregates. The paste, composed of portland cement and water, coats the surface of the fine and coarse aggregates. Through a chemical reaction called hydration, the paste hardens and gains strength to form the rock-like mass known as concrete.

Within this process lies the key to a remarkable trait of concrete: it's plastic and malleable when newly mixed, strong and durable when hardened. These qualities explain why one material, concrete, can build skyscrapers, bridges, sidewalks and superhighways, houses and dams. 

Proportioning
The key to achieving a strong, durable concrete rests in the careful proportioning and mixing of the ingredients. A concrete mixture that does not have enough paste to fill all the voids between the aggregates will be difficult to place and will produce rough, honeycombed surfaces and porous concrete. A mixture with an excess of cement paste will be easy to place and will produce a smooth surface; however, the resulting concrete is likely to shrink more and be uneconomical. 

A properly designed concrete mixture will possess the desired workability for the fresh concrete and the required durability and strength for the hardened concrete. Typically, a mix is about 10 to 15 percent cement, 60 to 75 percent aggregate and 15 to 20 percent water. Entrained air in many concrete mixes may also take up another 5 to 8 percent. 

Portland cement's chemistry comes to life in the presence of water. Cement and water form a paste that coats each particle of stone and sand. Through a chemical reaction called hydration, the cement paste hardens and gains strength. The character of the concrete is determined by quality of the paste. The strength of the paste, in turn, depends on the ratio of water to cement. The water-cement ratio is the weight of the mixing water divided by the weight of the cement. High-quality concrete is produced by lowering the water-cement ratio as much as possible without sacrificing the workability of fresh concrete. Generally, using less water produces a higher quality concrete provided the concrete is properly placed, consolidated, and cured. 
Hydration Begins
Soon after the aggregates, water, and the cement are combined, the mixture starts to harden. All portland cements are hydraulic cements that set and harden through a chemical reaction with water. During this reaction, called hydration, a node forms on the surface of each cement particle. The node grows and expands until it links up with nodes from other cement particles or adheres to adjacent aggregates. 

The building up process results in progressive stiffening, hardening, and strength development. Once the concrete is thoroughly mixed and workable it should be placed in forms before the mixture becomes too stiff. 

During placement, the concrete is consolidated to compact it within the forms and to eliminate potential flaws, such as honeycombs and air pockets. For slabs, concrete is left to stand until the surface moisture film disappears. After the film disappears from the surface, a wood or metal handfloat is used to smooth off the concrete. Floating produces a relatively even, but slightly rough, texture that has good slip resistance and is frequently used as a final finish for exterior slabs. If a smooth, hard, dense surface is required, floating is followed by steel troweling. Curing begins after the exposed surfaces of the concrete have hardened sufficiently to resist marring. Curing ensures the continued hydration of the cement and the strength gain of the concrete. Concrete surfaces are cured by sprinkling with water fog, or by using moisture-retaining fabrics such as burlap or cotton mats. Other curing methods prevent evaporation of the water by sealing the surface with plastic or special sprays (curing compounds). 

Special techniques are used for curing concrete during extremely cold or hot weather to protect the concrete. The longer the concrete is kept moist, the stronger and more durable it will become. The rate of hardening depends upon the composition and fineness of the cement, the mix proportions, and the moisture and temperature conditions. Most of the hydration and strength gain take place within the first month of concrete's life cycle, but hydration continues at a slower rate for many years. Concrete continues to get stronger as it gets older. 
The Forms of Concrete
Concrete is produced in four basic forms, each with unique applications and properties. Ready mixed concrete, by far the most common form, accounts for nearly three-fourths of all concrete. It's batched at local plants for delivery in the familiar trucks with revolving drums. Precast concrete products are cast in a factory setting. These products benefit from tight quality control achievable at a production plant. Precast products range from concrete bricks and paving stones to bridge girders, structural components, and panels for cladding. 

Concrete masonry, another type of manufactured concrete, may be best known for its conventional 8 x 8 x 16-inch block. Today's masonry units can be molded into a wealth of shapes, configurations, colors, and textures to serve an infinite spectrum of building applications and architectural needs. Cement-based materials represent products that defy the label of "concrete," yet share many of its qualities. Conventional materials in this category include mortar, grout, and terrazzo. Soil-cement and roller-compacted concrete-"cousins" of concrete-are used for pavements and dams. Other products in this category include flowable fill and cement-treated bases. A new generation of advanced products incorporates fibers and special aggregate to create roofing tiles, shake shingles, lap siding, and countertops. And an emerging market is the use of cement to treat and stabilize waste.

How Portland Cement is Made
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Two Manufacturing Processes 
Two different processes, "dry" and "wet," are used in the manufacture of portland cement. 

When rock is the principal raw material, the first step after quarrying in both processes is the primary crushing. Mountains of rock are fed through crushers capable of handling pieces as large as an oil drum. The first crushing reduces the rock to a maximum size of about 6 inches. The rock then goes to secondary crushers or hammer mills for reduction to about 3 inches or smaller. 

In the wet process, the raw materials, properly proportioned, are then ground with water, thoroughly mixed and fed into the kiln in the form of a "slurry" (containing enough water to make it fluid). In the dry process, raw materials are ground, mixed, and fed to the kiln in a dry state. In other respects, the two processes are essentially alike. 

The raw material is heated to about 2,700 degrees F in huge cylindrical steel rotary kilns lined with special firebrick. Kilns are frequently as much as 12 feet in diameter ​ large enough to accommodate an automobile and longer in many instances than the height of a 40-story building. Kilns are mounted with the axis inclined slightly from the horizontal. The finely ground raw material or the slurry is fed into the higher end. At the lower end is a roaring blast of flame, produced by precisely controlled burning of powdered coal, oil or gas under forced draft. 

As the material moves through the kiln, certain elements are driven off in the form of gases. The remaining elements unite to form a new substance with new physical and chemical characteristics. The new substance, called clinker, is formed in pieces about the size of marbles. 

Clinker is discharged red-hot from the lower end of the kiln and generally is brought down to handling temperature in various types of coolers. The heated air from the coolers is returned to the kilns, a process that saves fuel and increases burning efficiency.
Concrete Products
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Architectural Concrete: This section highlights design possibilities and discusses considerations for selecting color and texture for architectural concrete. 

Autoclaved Cellular Concrete, or ACC was invented in Sweden in the early 1900s. The lightweight, high-strength building material now used on every continent. 

Concrete Masonry has undergone significant change within the last decade, becoming a more cost-effective, energy-efficient building product than ever. 

Controlled Low-Strength Material is a cement-based product often used as a backfill 

High-Strength Concrete: In the last two decades concrete has gotten stronger and better for high-rise construction. 
Insulating Concrete Forms: These builder-friendly wall systems have recently made a mark on the housing industry of North America. 

Concrete Pavement: This section describes the four types of concrete pavements and details the preparation, placement, and curing of concrete pavements. 

Concrete Pipe provides water for people and farmlands or carries away sewage and drains land.. 

Precast Concrete became more common after World War II. 

Prestressed Concrete: Patented in San Francisco in 1886, prestressed concrete made its impact on the United States construction industry almost 75 years later. 

Ready Mixed Concrete accounts for nearly three-fourths of all concrete used annually. 

Roller-Compacted Concrete: Initially developed for use by the forestry industry in Canada, roller-compacted concrete is a durable paving and dam material that is placed using asphalt construction equipment. 

Shotcrete is a mortar or concrete that is dispensed from a hose onto a surface at a high velocity. 

Soil-Cement: Developed in 1935, this product is often used as a paving base, mixing cement with compacted soil. 

Tilt-Up Concrete is a construction method where walls are cast in a horizontal position and then tilted into a vertical position and moved into place with a mobile crane. 

DISMANTLING OF SHORING EQUIPMENT

Premature releasing or stripping of shoring can be a cause of failure. A qualified engineer must decide when and how stripping is to proceed. Variables which enter into this phase include load transfer, weather conditions, variations in different parts of the structure and the setting qualities of the concrete. After approval of a qualified engineer is obtained, follow approved dismantling procedure. Screw jacks should be released only far enough to remove forming member. The dismantling of the equipment can then be performed in the reverse method used in erection and moved to the next location for reuse. It is often more desirable to merely release the adjusting screws to such a point that the forming members can be pulled away from the underside of the concrete and allowed to rest in certain modules on top of the frame shoring equipment and the entire unit moved to the next location. Formwork and shoring of varying sizes are frequently moved from one pour to other pours without dismantling or removing formwork.  Lower shoring components in a safe manner. Do not drop or throw components as this could result in injury to personnel or damage to equipment.

STEEL FIXING

Steel Positioning

Steel must be placed correctly or the strength of a structure may be greatly weakened.

	



After putting the semi-precast 
slab into position, reinforcement
fixing of the in-situ slab is commenced 
for the in-situ slab construction 
above the precast slab.
	


The lintel beam and wall
reinforcement details. The lintel 
beam is placed above the wall
opening to provide structural rigidity.


 

Cover

Cover is the distance from the outside face of the concrete to the nearest surface of reinforcing steel.

If this distance is insufficient, the steel will rust. As the steel changes to rust, the diameter of the actual steel decreases and the strength provided by the steel decreases. This can seriously shorten the life of a building and has been a major problem for the Hong Kong Housing Authority.

Furthermore, when steel rusts, it expands to 2.2 times its original volume. This expansion bursts the concrete open thus exposing the steel to attack by the weather which increases the corrosion.

Cover in Hong Kong varies from 20 to 60 mm. The actual value depends on the concrete strength and on the location of the concrete such as below the ground or inside a building. Other countries use higher covers.

Cover is also very important in maintaining the strength of reinforced concrete during a fire. Depending on the length of time the reinforced concrete must withstand the fire, the type of concrete, and the location of the concrete (floor, column etc.) the minimum cover varies from 20 to 70 mm.

The designers must allow for the effect of deformations on bars. If they increase the diameter of bars and if not allowed for, reinforcing steel often cannot be placed properly. Usually it is the cover that suffers.
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Natural concrete curing
of the reinforced concrete
wall. One can see the cover in
these walls.

Spacers

Spacers are used to maintain cover. They keep the steel the required distance away from the edge of the concrete.
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Fixing

Fixing is fastening the steel reinforcing bars so that they stay in the correct place between the spacers and relative to each other.

The steel must stay in place: 

· while workers walk on it, 

· while concrete is being placed, 

· and during compaction. 

Tie-wire is used at the junctions of bars to hold them together. 

· It must be tied tightly. 

· Free ends must not protrude into the cover space. 

· All pieces of tie-wire must be removed from the formwork before concreting otherwise rust-stains soon occur on the finished product. 

	


Workers securing steel reinforcement
	


Tie wire used to join steel reinforcing
bars. Steel chair used to separate
the top and bottom layer.


Bending

Too small a diameter weakens the steel.

Too large a diameter may cause problems such as lack of anchorage (a form of bond failure) or create difficulties in keeping other steel bars in the correct place.

	Standard bend radii (r):

	
	Grade 250 bars-all diameters
	  
	2 X diameter

	
	Grade 460 bars-up to and including 20mm
	
	3 X diameter

	
	Grade 460 bars-over 20mm
	
	4 X diameter


 
	


Bending of reinforcement before fixing
	


The reinforcement fixing to a
capping beam


MOMENT CONNECTION
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Advanced Concrete Sealers

Brief history of penetrating concrete sealers

The history of silicate concrete sealers goes back to World War II, when they were used to strengthen quickly poured military runways. Afterwards, the Army Corps of Engineers adopted the sealers for the preservation of concrete dams and bridges. As technology advanced, the function of penetrating concrete sealers expanded to waterproofing, damp proofing, and conditioning concrete for painting. 

During the last decade, penetrating concrete sealers became widely used in the US and abroad, be it the Disney World or the Sydney Opera House. Many architects specify them for major buildings. Penetrating concrete sealers have been successfully used on thousands of concrete structures and buildings. Special sealers have been also developed for bricks and stones. They protect historical monuments against deterioration and acid rain. 

Common types of concrete sealers

Wax or chemical sealers 

Used as curing agents on green concrete and to keep surfaces clean during construction. Meant as temporary only. Leave a film, which makes the surface unsuitable for paints or tile adhesives. Chemical sealers require special precautions due to hazardous fumes. (A light "cure & seal" application of RadonSeal Standard also retards evaporation but does not emit VOC's and leaves the concrete paintable.) 

Waterproofing concrete paints, surface sealants, or coatings 

Interior or exterior. Crack and peel, particularly where needed - efflorescence or water pressure lift the paint film. Attacked by alkalis from the concrete (saponification). Water vapor (gas) and radon pass through. Susceptible to wear and abrasion. High maintenance costs. 

Crystalline sealers 

Deposit tiny silicate crystals into the pores in concrete, which expand on contact with water and thus waterproof. In the absence of liquid water, they do not seal against water vapor or radon. The crystals get eventually pushed out to the surface. Repeated applications required. 

Cementitious slurry sealers 

Well-proven for stopping water seepage through leaking concrete walls. trowelled on the surface. The layer contains crystals that expand on contact with water. The "cold joint" with the old concrete is susceptible to "alkali attack", efflorescence, and hydrostatic pressure, causing cracking and separation. Not designed to stop water vapor or radon. As the crystals get pushed out over time, it loses its waterproofing property. (Then, it can be sealed and bonded to the old concrete with RadonSeal.) 

Silane sealers 

Leave a thin unpaintable film on the surface, which repels rainwater and "beads". But the film tends to yellow and soon disintegrates due to UV-rays. Contain chemical solvents. Regular re-application is needed. 

Siloxane sealers 

Form a water-repellant elastomeric membrane, which "beads" water but is unpaintable and slippery when wet. Suitable for low-grade or light-weight concretes, porous materials, masonry, and stones. Water vapor and radon pass through. Re-application every several years. 

Silicate sealers 

Penetrate into the concrete and react with lime and alkalis to seal the capillaries. Permanent, no re-application needed. Bond, strengthen, preserve, and waterproof concrete as well as masonry with alkalis. 

The line-up of RadonSeal sealers

Using the latest chemical technology, RadonSeal provides the most advanced sealers for concrete, masonry, bricks, and stones. They provide unsurpassed sealing performance and unique features, while being environment-friendly and easy to apply.

RadonSeal silicate sealers 

RadonSeal Standard or Plus penetrate deep into concrete (up to 4 inches), react with alkalis and lime, forcefully expand into capillaries and harden into silicate minerals. It is like injecting cement into the capillaries in concrete (silicates are the primary binders of concrete). This permanently seals the concrete, makes it denser and stronger, and preserves it against deterioration. 

The resulting seal is so tight that is stops not only the seepage of water under hydrostatic pressure, but also water vapor and even radon. It is the first concrete sealer specially developed to stop the minute atoms of radon gas. 

RadonSeal polysiloxane sealers 

These sealers form a water-repellent, elastomeric membrane below the surface of concrete (Concrete Armor), bricks (Brick Armor), or stones (Stone Armor). The optimal blend of siloxanes forms long-chain links and bonds to the substrate independently of the presence of lime or alkali. It is like injecting silicone caulk into the pores. Deep-penetration protects the seal against UV rays for long durability. Concrete Armor Plus seals even through a single layer of latex paint. Ion-Bond Armor penetrates so deep that it leaves the surface paintable and is effective even against water vapor and radon gas. 

The polysiloxane sealers can be applied on concrete sealed with RadonSeal Standard or Plus to provide a combination of a water-repellent surface with internal concrete sealing and preservation

FOUNDATIONS

A building's foundation is the structure which supports it in the ground. The forms and materials of building foundations vary according to ground conditions, structural material, structural type, and other factors. In most buildings, the foundation (or basement) wall does not have a significant role in carrying the structural loads from the tower above, but does resist the lateral load of the soil (and any water) that the basement is constructed in. Foundation systems are constructed of concrete almost without exception. 

In some building systems, the floor slab is designed to assist in carrying some of the lateral loads of the building, and the floor slab thereby become an integral part of the framing system. 

Pile Foundations
Foundations consisting of vertical structural members that are forced into the ground by impact (from a machine called a "pile driver"). Some early skyscrapers utilized wood piles, but steel and concrete became more practical at the beginning of the 20th century. Piles can be driven to bedrock, or more commonly, "to refusal" (that is, until underlying soil resists the pile being driven significantly further into the soil). 

Caisson Foundations
Caisson foundations are similar in form to pile foundations, but are installed using a different method. Caissons (also sometimes called "piers") are created by auguring a deep hole into the ground, and then filling it with concrete. Steel reinforcement is sometimes utilized for a portion of the length of the caisson. Caissons are drilled either to bedrock (called "rock caissons") or deep into the underlying soil strata if a geotechnical engineer finds the soil suitable to carry the building load. When caissons rest on soil, they are generally "belled" at the bottom to spread the load over a wider area. Special drilling bits are used to remove the soil for these "belled caissons".

Mat Foundations
Mat foundations (also known as "raft foundations") are a foundation system in which essentially the entire building is placed on a large continuous footing. Mat foundations found some use as early as the Nineteenth Century, and have continued to be utilized to effectively resolve special soil or design conditions. In locations where the soil is weak and the bedrock is extremely deep, "floating or compensated mat foundations" are sometimes utilized. For this type of foundation, the amount of soil removed and the resulting uplift (on the foundation) caused by groundwater is equalized by the downward forces of the building and foundation. Yet another variation of the mat foundation is to use it in combination with caissons or piles. 

Spread Foundations
For spread foundation systems, the structural load is literally spread out over a broad area under the building. Spread foundation systems utilize one or more horizontal mats, or pads, to anchor the building as a whole or to anchor individual columns or sections separately. Spread foundations are also known as "footing foundations" and are a type of foundation often utilized in low-rise buildings. 

Load-bearing Wall Foundations
Many building foundations, including most buildings that have basement levels, use slurry walls at the edges to hold out the surrounding earth. In very few cases, this slurry wall or another underground wall element becomes a major load-bearing part of a highrise building's foundation. This foundation type is usually found in combination with one of the above types. 

New Many of the thermal insulation materials and products discussed below are intended as alternatives to more commonly used types. Manufacturer and product names have been intentionally omitted unless necessary to convey an adequate description of the material.

Sheet piling is a manufactured construction product with a mechanical connection "interlock" at both ends of the section. These mechanical connections interlock with one another to form a continuous wall of sheeting. Sheet pile applications are typically designed to create a rigid barrier for earth and water, while resisting the lateral pressures of those bending forces. The shape or geometry of a section lends to the structural strength. In addition, the soil in which the section is driven has numerous mechanical properties that can affect the performance.

Sheet piling is classified in two construction applications, permanent and temporary. A permanent application is "stay-in-place" where the sheetpile wall is driven and remains in the ground. A temporary application provides access and safety for construction in a confined area. Once the work is completed, the sheets are removed.
Some examples of usage include

Micropiles are one of the largest growing segments in Deep Foundations today. Also known as "Pin piles" or "Minipiles", Micropiles are small diameter high capacity pipe piles. They are typically specified in short threaded lengths and installed through various drilling techniques. The addition of grout and threaded bar reinforce the pile in lateral, tensile, and compressive loading.

Depending on pile diameter and soil conditions, Micropiles can extend to depths of 200’ and exceed design loads of 400 kips. The threaded lengths are suited for low access and retrofit applications. In addition, drilled installation methods are being used in new construction where surrounding structures might be sensitive to vibration.

Spalling: Surface concrete loss in pieces of various sizes is called spalling and is caused when expansive forces inside and near the surface of concrete act along a weak plane or create a weakened plane. The expansive force can be caused by the stress of corrosion of reinforcing steel or imbedded metal items. Corrosive oxidation (rust) causes expansion which in turn creates additional stress. Internal expansion can also be caused by moisture absorbed by porous aggregate that expands and contracts in thermal cycles. Moisture may be trapped inside the matrix of the concrete by paints or sealants that do not allow moisture to migrate and escape at the surface. Spalling can occur due to a condition called laitance where concrete, during placement, was mixed too wet and cement rich paste rises to the surface of the concrete thereby depriving other portions of the mix of cement-related cohesion and consolidation.
Fibermesh concrete proves a one-step fiber reinforcement system.  Fibermesh fibers are engineered for concrete in compliance with building codes to provide top-to-bottom, side-to-side uniform micro reinforcement as a cost-effective and superior alternate system to wire mesh.  If you could look into a cube of Fibermesh concrete, this is what you would see: millions of virgin polypropylene Fibermesh fibers uniformly distributed in all directions throughout the concrete mix.  As micro cracks begin to develop due to water loss and shrinkage, the cracks intersect with Fibermesh fibers which block their growth and provide higher tensile strain capacity at this critical time.  So, the cracks won´t develop into macro cracks and problems.  This has been proven in test after test in independent laboratories and verified on jobsites throughout the world. 

ENTABLATURE [entablature] , the entire unit of horizontal members above the columns or pilasters in classical architecture—Greek, Roman or Renaissance. The height of the entablature in relation to the column supporting it varies with the three orders, Doric, Ionic, and Corinthian, but in Roman and Renaissance interpretations it is generally about one fourth the column height. The entablature's component members are the architrave , which rests directly upon the abacus, or top member of the column cap; the frieze ; and the cornice , or topmost member. Essentially the entablature is a development from the primitive lintel, which spans two posts and supports the ends of the roof rafters. In Renaissance and modern designs the entablature is also used upon a wall as the crowning member or as a horizontal band, irrespective of columns.
ARCHITRAVE [architrave] , in architecture, principal beam and lowest member of the classical entablature, the other main members of which are the frieze and the cornice . Its position is directly above the columns, and it extends between them, thus carrying the upper members of the order (see orders of architecture ). The term also applies to molding around the sides and top of a door or window frame

FRIEZE [frieze] in architecture, the member of an entablature between the architrave and the cornice or any horizontal band used for decorative purposes. In the first type the Doric frieze alternates the metope and the triglyph; that of the other orders is plain or sculptured. The 5th-century BC treasury of the Cnidians at Delphi shows figures in the frieze. Roman and Renaissance examples, a notable one being on the 1st-century BC temple of Vesta at Tivoli, display acanthus leaves and other ornamentation.

CORNICE [cornice] , molded or decorated projection that forms the crowning feature at the top of a building wall or other architectural element; specifically, the uppermost of the three principal members of the classic entablature , hence by extension any similar crowning and projecting element in the decorative arts. The term is also employed for any projection on a wall that is provided to throw rainwater off the face of the building. The cornice undoubtedly had its origin in the primitive eave projection: the Greek Doric and lonic cornices recall early wooden roof forms, and the Egyptian cavetto-and-fillet cornice is a derivation of the overhanging papyrus stalks that formed the eaves of primitive shelters. The cornice early lost its structural significance and became a stylized decorative element; in the Greek and Roman eras it assumed firmly standardized forms in the classical orders that were retained, with variations, through the Renaissance and later periods. As an element in the classical entablature the cornice is composed of the cymatium, or crown molding, above the corona, the projecting flat member, which casts the principal shadow; in this shadow, and supporting the corona, are a group of moldings called the bed molds, which may be elaborated with dentils. The Corinthian and Composite cornices are further embellished with modillions, or brackets, under the corona; the soffit of the Doric corona is decorated with square, flat projections called mutules, having guttae, or small knobs, hanging from their lower surfaces
Needle beam (Arch.), to shoring, the horizontal cross timber which goes through the wall or a pier, and upon

      which the weight of the wall rests, when a building is shored up to allow of alterations in the lower part.

ORDERS OF ARCHITECTURE [orders of architecture] In classical tyles of architecture the various columnar types fall, in general, into the five so-called classical orders, which are named Doric, Ionic, Corinthian, Tuscan, and Composite. Each order comprises the column with its base, shaft, and capital and the supported part or entablature , consisting of architrave, frieze, and cornice. Each order has its own distinctive character, both as to relative proportions and as to the detail of its different parts. The entablature height is generally about one quarter that of the column; a pedestal, when used, is about one third the height of the column. For the Doric order , the Ionic order , and the Corinthian order , originally developed by the Greeks, the Roman writer Vitruvius attempted to formulate the proportionings of their parts. In Greece the Doric was the earliest order to develop, and it was used for the Parthenon and for most temples. The Corinthian was little used until the Romans adapted it. They employed it more than they did any other order and introduced brackets, or modillions, in its cornice. The Roman orders made greater use of ornament than the Greek, and their column proportions were more slender. In the 15th cent. Alberti revived an interest in the work of Vitruvius. At the same time, architects made drawings of Roman ruins and applied the Roman orders rather arbitrarily to building design. In the 16th cent. a more systematic use of orders was practiced. Architectural writers, notably Serlio, Scamozzi, Vignola, Palladio, and Sanmichele crystallized the Roman versions and additions (Tuscan and Composite) into the five definitely formulated orders, with minute rules of proportion. Philibert Delorme, Claude Perrault, Abraham Bosse, and Sir William Chambers were among those who composed treatises on the subject. Using the classical orders as a basis, the designers of the Renaissance and of subsequent periods created many variations. However, during the classic revival 
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Species

Ash, white
Balsa

Basswood

Birch, yellow
Cheny, black
Cottonwood, eastem
Mahogany, Afican
Mahogany, Honduras
Maple, sugar

Maple, red

Oak, red

Oak, white

Sweet gum

Walnut, black
Yellow-poplar

Baldcypress
Cedar, northem white
Cedar, westem red
Douglas-ir
Fir, subalpine
Hemlock, western
Larch, westem
Pe

Loblolly

Lodgepole

Longleaf

Pond

Ponderosa

Red

Slash

Sugar

Western white
Redwood
Spruce, Sitka
Spruce, Engelmann

EJE.  EdE

Hardwoods
0080 0125
0015 0046
0027 0066
0050 0078
0086 0197
0047 0083
0050 0111
0064 0107
0065 0132
0067 0140
0082 0151
0072 0163
0050  0.115
0056 0106
0043 0092

Softwoods
0039 0084
0081 0183
0055 0081
0050 0068
0039 0102
0031 0058
0065 0079
0078 0113
0068 0102
0055 0102
0041 0071
0083 0122
004 0088
0045 0074
0087 0131
0038 0078
0089  0.087
0043 0078
0059 0128

GuEL

0109
0054
0056
0074
0147
0076
0088
0,066
0111
0133
0089
0086
0089
0085
0075

0063
0210
0,087
0.064
0070
0038
0063

0082
0.049
0071
0050
0138
0096
0055
0124
0052
0.066
0.064
0124

GulEL

0077
0037
0046
0068
0097
0052
0059
0086
0063
0074
0081
0061
0062
0069

0054
0.187
0086
0078
0058
0032
0069

0081
0046
0.060
0045
0115
0081
0053
0113
0048
0077
0061
0120

GrilEL

0.005

0017

0021
0.028

0021
0.021
001

0.007
0015
0.005
0.007
0.006
0.003
0.007

0013
0005
0012
0009
0017
001
0010
0019
0005
0011
0.003
0010

“E, may be approximated by increasing modulus of elasticity values

in Table 4-3 by 10%.
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Expansion Joints
Expansion joints permit volume change movement of a concrete structure or member. These are usually constructed by installing pre-formed, or pre-molded elastic/resilient material of approximately 1/4" to 1/2" thickness as wide as the concrete is thick, before the concrete is placed. Expansion joints should never be less than 1/4" wide. Pre-molded expansion joints for installation in residential, commercial, or industrial slabs may be of fiber, sponge rubber, plastic, or cork composition. Such materials must be highly resilient, and non-extruding in hot weather, or brittle in cold weather. 

An expansion joint should always be utilized where a concrete member will join or abut an existing structure of any type. This would include a junction of sidewalks, sidewalk with a driveway, building, curb, or other similar members, as well as where a floor slab joins a column, staircase, etc. The square formed by the intersection of two sidewalks should have pre-molded expansion material enclosing the perimeter. Normally, expansion joints are not provided in sidewalks other than where the walk abuts an existing structure. 

Expansion joints should also be provided in a building floor slab where the slab abuts walls or footings. Sealing of expansion joints is desirable in many outdoor or industrial/commercial applications. 

 

Contraction Joints
Large flat areas, or long lengths of concrete placed monolithically, require contraction joints. These are essentially weakened planes constructed in a concrete member to provide a reduction in member thickness for the purpose of controlling shrinkage stresses to that specific area. These are commonly referred to as "dummy joints", which are place at predetermined points of possible stress concentration. Thin joints spaced at frequent intervals are more effective than thicker joints spaced less frequently. 

For sidewalks, transverse dummy joints are usually spaced at 5 to 6 foot intervals. Driveway, patio, and floor slab dummy joints should be spaced 15 to 20 feet apart. A longitudinal joint constructed down the center of a double width driveway, dividing the driveway into two equal width sections, is equally as beneficial as the transverse joints. When widths exceed 20 feet, joints should be used to break up those expanses into architectural widths not to exceed 20 feet. Reinforced concrete pavement joints are usually spaced at greater intervals of 40 to 80 feet. When concrete is reinforced, the steel should be placed in such a manner that only one half the reinforcing bars will span the joint. This establishes the plane of weakness at the joint area. 

Tooled joints, if improperly constructed, can detract from appearance of the concrete. Joints must be perpendicular to the edge and straight. Use of a straight edge, such as a one inch thick board, to serve as a guide is recommended in obtaining a straight-lint joint. The joint may be filled with a flexible joint sealing compound to prevent water penetration, if desired. This is not necessary for sidewalks or patios. 

Restraint corners usually are highly stressed areas, and are starting points for cracks unless rounded or jointed. 

Many methods are used to construct joints. One of the most commonly used methods for sidewalks, slabs, driveways and similar members is by grooving the plastic concrete with a grooving or jointing tool. The cutting edge of a grooving tool is V shaped, to cut a V joint partly into the plastic concrete of the member. This creates a reduction in member thickness which localizes cracking to that weakened plane area. When the concrete dries out and contracts, the joint opens up further to accommodate that volume change. Installation of a dummy joint is effected after the concrete has been edged, and prior to float-finishing of the surface. Forming strips of wood (pre-soaked or pre-sealed) or metal may be embedded in the plastic concrete and carefully removed after the concrete has hardened. This leaves a joint of predetermined width and depth in the concrete. Premolded tongue and grooved joints are often used to form contraction joints in industrial floors. 

A later, more recent innovation to construct contraction joints which is gaining rapid industry acceptance utilizes electric or gasoline powered saws equipped with shatterproof abrasive or diamond rimmed blades. The blade cuts a joint into the hardened concrete as soon as the surface will not be torn, abraided or damaged by the cutting action. 

Concrete jointing or grooving tools are metal, about 6 inches long, 3 to 4 inches wide with different length bits ranging from 3/16 of an inch to 1 inch in depth. The bit is V shaped to eliminate spalling from pinching at the rim area. The V groove approximates 3/8 of an inch in width at the top and 1/4 of an inch in width at the bottom. 

To be functional, it is recommended contraction joints be at least 3/4", and preferably 1" in depth. A practical rule of thumb guide for depth of dummy joints is-a depth equal to at least one-fourth the thickness of the member. Joints which are too shallow serve only a decorative purpose, and are not functional in respect to controlling and localizing stress cracking to that area. Frequently, shrinkage cracks are just ahead of, or slightly behind dummy joints which are too shallow, existing in a random, haphazard pattern. 

 

Sawed Joints
Electric or gasoline powered circular saws fitted with either reinforced abrasive blades or metal bonded diamond blades are used to saw contraction joints in concrete. Sawed joints are uniform and straight with sharp edges. Water is generally required as a coolant for the blades to dissipate frictional heat. When used, a constant flow of approximately 2-1/2 gallons per minute is sufficient. 

In areas where extremely soft aggregates prevail, sawing can be effected "dry" if performed at an early stage. In this case, moisture of the concrete acts as a coolant. When diamond blades are used, water is an absolute necessity. The water also serves to flush fine particles of concrete away from the blade. Blades, classified as soft, medium and hard, are available for different concretes depending upon hardness of the aggregate, strength of the concrete when sawed, and speed of sawing. 
Compaction of fill

Fills are normally compacted in layers between 300mm and 600mm thick. For granular soils, a motor on the back of the roller is used to rotate an eccentric mass causing the roller to vibrate. For fine-grained soils, the roller may be fitted with blunt spikes known as sheep's feet. Sheep's foot rollers produce a kneeding action which changes the shape of clods of soil and displaces air from the spaces between the clods.
Masonry: Cleaning, Repointing and Repair

As with all historic materials, frequent evaluation, and careful maintenance of historic masonry can solve minor problems before they become large expensive repairs.

Cleaning
In general, cleaning of historic masonry is not recommended, as it has the potential to cause damage. Cleaning should be undertaken only when dirt or other material obscures significant architectural features or is causing or has the potential to cause damage to masonry materials. Cleaning should not remove the patina which is evidence of a building or structure's history and age, and should never be performed for the sole purpose of achieving a "new" appearance. When planning to clean an historic building or structure, the initial assessment should evaluate the historic material, the reason for cleaning and the cleaning method. Cleaning methods should be carefully selected to do the job without harming the historic material. Acidic cleaners or highly alkaline cleaners can cause damage to historic materials and are generally inappropriate. Only non-acidic neutral pH detergents should be used in conjunction with non-metallic brushes or scrapers. Water pressure for cleaning should not exceed 150-200 psi., since higher pressures can damage historic masonry units and mortar.

Abrasive methods such as grit blasting or "sandblasting" should never be used. They are extremely damaging to historic materials in that they accelerate the deterioration of historic masonry materials and can greatly change a building or structure's appearance.

If masonry surfaces were painted historically, they should remain painted. This coating could have a specific protective function or play a part in the historic design and appearance. If the covering is non-historic and deemed appropriate for removal, it should be removed as gently as possible. Test patches should be performed prior to selecting a removal product or method, beginning with the lowest recommended concentration of product and working upward to find the appropriate level; water pressures should not exceed 150-200 psi.

Repointing
Repointing, the term used for repair of deteriorated mortar joints, is done by removing any old, deteriorated mortar and replacing it with new. Repointing can be important to the continued sound physical condition of a building and has the potential to affect the appearance of historic masonry. The removal of deteriorated mortar should be undertaken only when absolutely necessary, usually where mortar is eroded or crumbling. Most structures built until the early 20th century used lime mortar with little or no cement binder. Removal of these low-strength mortars should be performed using hand-held, non-power tools, since power tools such as masonry saws have the potential to damage masonry units. Mortar made of hard Portland cement is much more difficult to remove from joints, and use of hand-held chisels is likely to damage the masonry units. Here, carefully controlled pneumatic chisels or small grinders may be appropriate, but these require extensive experience and quality control to assure that the masonry units are not damaged. Complete repointing is seldom necessary, nor is it a sound preservation treatment. New mortar should match the historic in strength, composition, color, texture, aggregate distribution and all other qualities as determined by a laboratory analysis. Prepackaged "masonry cements" generally contain large amounts of Portland cement, and therefore produce a very strong mortar that can be damaging to softer historic bricks and terra cotta. If mortar analysis is not undertaken to determine the composition of the original mortar, the following soft, lime-rich mortar mix is appropriate for use on most historic masonry: 1 part white Portland cement; 3 parts Type S hydrated lime; 6 parts sand with no admixtures Because color additives can weaken masonry if used in large quantities, a color match is best achieved using only appropriate colored aggregates (sand, brick dust, etc.) Equally important to mortar content is the appearance of new mortar joints. New joints should match the historic in width, tooling, texture and profile. Special character-defining joints such as "ruled" or "grapevine" should be repaired or reproduced carefully.

Repair
Masonry materials may require repair as well as repointing and appropriate techniques will vary according to the specific material. Because damaged brick units are difficult to repair, replacement may be most appropriate and may involve using new or salvaged brick. If repair is not possible and replacement is necessary, new units should match the existing in size, color, texture and all other qualities. Historic stone materials that are damaged should be treated carefully. In keeping with the preservation Standards, the best approach is repair. Replacement should only be considered if the material is deteriorated beyond repair. Where cracked, spalled or exfoliated, limestone, sandstone, marble, terra cotta, cast stone or concrete materials should be repaired to prevent further damage. The type of stone, and type and extent of damage should be determined before the repair method is chosen. The repair should be carefully executed to match the damaged material. Information on appropriate specific treatments for historic masonry materials can be obtained from the SHPO.
	Masonry Veneer Construction 

There are numerous methods that have been developed to secure masonry veneer to a structural back-up. Building codes have adopted some of the better and safer systems as they evolved and became standardized. Currently most building codes recognize two basic methods to install masonry veneer. The first of these methods, called adhered veneer, secures the masonry units to the structural back-up using a bonding material. The second method, anchored veneer, attaches the masonry to the structural back-up using mechanical fasteners called wall ties or anchors.
VENEER is by definition, a non-load bearing, non-structural (except for supporting their own weight), facing of brick, concrete, stone, etc. attached to a back-up for the purpose of ornamentation, protection or insulation. That said, it is therefore unnecessary to use high strength mortars. Instead, workable mortars with high bond properties are preferred. Accordingly, most veneers are set in either Type N or Type S portland cement-lime mortars. Type M mortar should never be used as it is too hard. 

Because most applications for cast stone are intended to accent brick, the design of the cast stone units are typically determined by the type of brick specified. When designing cast stone units which utilize dimensions of the specified brick, the mason is able to execute the same coursing for all masonry units throughout the installation. The finished result is a successfully integrated and orderly combination of masonry veneer units which is appealing to the eye. 

The following tables have been prepared as guidelines when designing cast stone shapes that will be incorporated with brick. These tables are not all-inclusive but do account for the majority of the fired clay masonry units used today. 

 

	STANDARD NOMENCLATURE FOR BRICK SIZES
NOMINAL DIMENSIONS
SPECIFIED DIMENSIONS
UNIT DESIGNATION
THICKNESS
HEIGHT
LENGTH
VERTICAL
COURSING
THICKNESS
HEIGHT
LENGTH
MODULAR
4"
2 2/3"
8"
3C = 8"
    3 5/8"
    2  1/4"
     7 5/8"
ENGINEER MODULAR
4"
3 1/5"
8"
5C = 16"
    3 5/8"
    2  3/4"
     7 5/8"
CLOSURE MODULAR
4"
4"
8"
1C = 4"
    3 5/8"
    3  5/8"
     7 5/8"
TRIPLE CUT
4"
8"
12"
1C = 8"
    3 5/8"
    7  5/8"
     7 5/8"
ROMAN
4"
2"
12"
2C = 4"
    3 5/8"
    1  5/8"
   11 5/8"
NORMAN
4"
2 2/3"
12"
3C = 8"
    3 5/8"
    2  1/4"
   11 5/8"
ENGINEER NORMAN
4"
3 1/5"
12"
5C = 16"
    3 5/8"
    2  3/4"
   11 5/8"
UTILITY*
4"
4"
12"
1C = 4"
    3 5/8"
    3  5/8"
   11 5/8"
12" SQUARE
4"
12"
12"
1C = 12"
    3 5/8"
  11  5/8"
   11 5/8"
* Also called Norman Economy, General and King Norma



What is Paint?

Paint consists of two things, pigment and binder. Pigment is what gives color to paint and in its raw form it is a fine powder. Binder is what holds the pigment and adheres it to a surface. The pigment particles are insoluble and merely form a suspension in the binder. There are a great many pigments in the world, from a variety of sources. Some pigments are earth pigments, or natural inorganic pigments—simply put, colored clumps of earth. These are the first pigments used by mankind and include such colors as Yellow Ocher, Slate Grey, The Siennas, and many more. Closely related are the Mineral Pigments (also natural inorganic pigments) which include colors such as Vermilion (Cinnabar/Mecuric Sulfide) and green Malachite. Artificial inorganic pigments, on the other hand, are colors that are produced rather than found. Many of these pigments were made and discovered by the alchemists of antiquity. Such colors as Verdigris, Naples Yellow and Sandarac fall into this category. Natural organic pigments have sources that are either vegetable or animal, rather than earth or mineral. These include colors such as Indian Yellow (cow urine from India), Sap Green, and Bone Black (calcined bones). Finally, there are the synthetic organic pigments, which saw their birth in the nineteenth century. When this type of pigment was first developed, it tended not to be very light fast and often faded in a short period of time. Eventually, this setback was overcome and color groups such as the Indanthren and Heliogen were invented.

There are a great number of binders for pigment. It is these binders that give us the many different types of paint such as Oil, Acrylic and Casein. Each binder imparts a unique quality to the pigment and adheres to the surface in a different way.

Encaustic/Wax
Beeswax is one of the oldest known binders for pigment. Encaustic paint is a very permanent media with a lustrous surface quality. Pigment is added to molten beeswax, which is then applied to a rigid support. Do to the brittleness of wax encaustic should be painted on rigid surface. Other types of wax such as carnauba wax can be used with the beeswax to achieve a higher melting point. There are modern forms of encaustic painting which do not require heating at the time of painting.

Casein 

Casein is a milk-based product that forms a strong glue when mixed with an alkali (e.g. lime, borax, ammonia, etc.). Casein paint has a very dry, velvety surface which is rich in color. Casein is water soluble; however, it dries water insoluble which makes it possible to use it with glazing techniques. Casein is also an emulsifier, i.e. oil and varnishes can be added to the casein glue and still be thinned with water. Casein can be used as an underpainting for oils and can be applied to a variety of rigid surfaces.

Egg Tempera
Egg yolk is the binder for Tempera painting. Egg Tempera is a ancient tradition which offers rich results not duplicated by any other binder. It is famous for being used in icon painting. Egg yolk acts as an emulsifier, as well as allowing for oil and gum emulsions to be used.

Fresco
Fresco is the painting of pigments into fresh (wet) lime plaster. In this case no binding agent is used for the pigments. They are made into a paste using water and are then brushed directly into the wet plaster surface. It is the plaster ground that binds the pigments during the carbonation (hardening) of the lime. It creates a bond so solid that it is nearly impossible to dissolve. Due to the extreme alkali of lime only those pigments which are alkali-fast can be used. Fresco technique was well evolved even 2000 years ago. Murals from Pompeii and Rome are still well preserved. Fresco retains an amazing vibrance of color not found with other media.

Water Color/Gouache
Gum arabic acts as the binder for booth water color and gouache paints. Gum arabic is produced by several species of acacia trees. It comes in lumps which are then dissolved in water to form a gum solution. It is into this solution that pigments are ground to produce paint. Gouache differs from water color on by the addition of chalk which allows the paint to be more opaque and imparts a dusty quality to the surface. Gum arabic is resoluble once it has dried, therefore it can be stored in cakes. Occasionally oxgall (a wetting agent) is added to water color to add in the even dispersion of pigment.

Distemper
Rabbit skin glue or other hide glues act as the binding agent for distemper. Distemper paint has been used primarily in the painting of interiors. It has a wonderful matte finish and a soft feel to it. This paint however is very impractical to apply, because it is very runny, messy and needs to be applied while warm. Casein Paint has the same look and is much more practical to apply.

Oil Paint
Oil paint evolved out of the use of Egg Tempera emulsions. Linseed oil (from the flax seed) acts as the binder. Linseed oil dries through the process of oxidation to a strong but flexible film. It is the flexible quality of the oil film that allows for its use on canvas. Cold pressed linseed oil is generally used in paint making though small proportions of poppy and walnut oils are also used. Oil paint has the longest drying time of all paints. It tends to be rather opaque though this varies greatly form pigment to pigment. With the addition of painting mediums, oil paint can be employed for glazing and impasto techniques. Oil is the most widely recognized artists paint in our time.

Acrylic Paint
A recent invention, acrylic emulsion is the binder in acrylic paints. Acrylics are water soluble, but dry to a water insoluble and impenetrable flexible film. They are very fast drying and can be used as an under painting for oils. Originally thought to be a replacement for oil paints, acrylic paint has proven to be a unique and viable medium of its own.

INSULATION TYPES

Glass Fiber (Fiberglass) 

Some manufacturers now produce medium and high-density fiberglass batt insulation products that have slightly higher R-values (ft 2 h° F/Btu) than previous varieties. The denser products are intended for insulating areas with limited cavity space, such as cathedral ceilings.

High-density fiberglass batts for a 2 ´ 4 inch (51 ´ 102 millimeter [mm]) stud-framed wall has an R-15 value, compared to R-11 for "low density" types. A medium-density batt offers R-13 for the same space. High-density batts for a 2 ´ 6 inch (51 ´ 152 mm) frame wall offer R-21. High-density batts for an 8.5 inch (216 mm) spaces offer about R-30. R-38 for 12 inch (304 mm) spaces are available too.

One manufacturer markets an unconventional fibrous insulation product. It is a combination of two types of glass that are fused together. As the two materials cool during manufacturing they form random curls of the material. This makes the material less irritating and possibly safer to work with and it requires no chemical binder to hold the batts together. It also comes in a perforated plastic sleeve to assist in handling.

There are also several variations of loose fiberglass intended for use with insulation blowing machines. Some products claim higher recycled material content, or some other marketing theme, that can make them stand out from the competition. However, they all provide similar thermal performance.

One significant variation is the Blown-In-Blanket (BIB.) This is similar to the more common "wet-spray" cellulose in that the material is mixed with a latex adhesive, misted with water to activate the glue, and blown into wall stud cavities. Tests have shown that walls insulated with a BIB system are significantly better filled than with other forms of fiberglass insulation, such as batts.

Mineral Wool 

The term "mineral wool" refers to three types of insulation that are basically the same:

· "glass wool," or "fiberglass," made from recycled glass 

· "rock wool," made from basalt, an igneous rock 

· "slag wool," made from steel-mill slag. 

Most mineral wool made in the United States is actually slag wool. Most mineral wool is a brittle/ loose material. Mineral wool does not use additional chemicals to make it fire resistant. 

Recently, a Canadian company began producing a softer, batt type mineral product. This batting is denser, fits standard wall cavities tighter, and is somewhat less prone to air convection thermal losses. Than standard fiberglass batt products. Its thermal resistance is approximately R-3.7 per inch, which is comparable with sprayed cellulose insulation or high-density fiberglass batts.

Plastic Fiber 

Plastic fiber insulation is not readily available in most areas of the U.S. This material is made of mainly recycled plastic milk bottles (polyethylene terephthalate or PET.) The fibers are then formed into batt insulation similar to high-density fiberglass, and then treated with a fire retardant. R-values vary with batt density: R-3.8 per inch at 1.0 lb./ft 3 density to R-4.3 per inch at 3.0 lb/ft 3 density. Plastic fiber insulation is relatively non-irritating to work with and doesn’t readily burn. It does, however, melt when exposed to flame. The batts are also reportedly difficult to handle and cut with standard job-site tools.

Polyurethane Foams 

All closed-cell polyurethane foam insulation made today is produced with a non-CFC (chlorofluorocarbon) gas as the blowing agent. This gas doesn’t insulate as well as insulation made with a CFC gas, however it is less destructive to our planet’s ozone layer. Foams made in this way have an aged R-value of R-6.5 per inch thickness. Their density is generally 2.0 lb/ft 3 (32.0 kilograms per cubic meter [kg/m3]). There are also low-density open-cell polyurethane foams (0.5 lb/ft 3 [ 8 kg/m3 ] ). These are similar to conventional polyurethane foams, but are more flexible. Some low-density varieties use carbon dioxide (CO 2 ) as the blowing agent.

Low-density foams are sprayed into open wall cavities and rapidly expand to seal and fill the cavity. There is at least one manufacturer who offers a slow expanding foam. This type is intended for cavities in existing construction where there is no insulation. The liquid foam expands very slowly and thus reduces the chance of damaging the wall from over-expanding. The foam is water vapor permeable, remains flexible, and is resistant to wicking of moisture. It provides good air sealing and yields about R-3.6 per inch of thickness. It is also fire resistant and will not sustain a flame upon removal of the flame source.

Nitrogen-based Urea-Formaldehyde (UF) Foam 

Urea-Formaldehyde (UF) foam was used in residential housing during the 1970’s. However, after many health related court cases due to improper installation practices, it was removed from the residential market and is now used primarily for masonry walls in commercial/industrial buildings. This type of foam insulation uses compressed air as the expanding agent. Nitrogen-based, UF foam may take several weeks to cure completely. Unlike polyurethane insulation, this product does not expand as it cures and also allows water vapor to easily pass through it. UF foam also breaks down at prolonged temperatures above 190° F (88° C) and contains no fire retardant chemicals. This insulation has an R-value of about 4.6 per inch and costs are competitive with loose-fill or poured-in insulation.

Phenolic Foam 

This type of foam was somewhat popular years ago as a rigid foamboard insulation. It is currently available only as a foamed-in-place insulation. It has a R-4.8 value per inch of thickness and uses air as the blowing agent. One major disadvantage of phenolic foam that it can shrink up to 2% after curing. This makes ii less popular today, since there are alternatives that do not have this disadvantage.

Cementitious Foam 

Air-Krete ™ is a magnesium silicate, cementitious (cement-based) insulation that is foamed and pumped into closed cavities. The initial consistency of the foam is similar to shaving cream and after curing is similar to a thick pudding. It is easily damaged by water since it is made from minerals extracted from seawater. It is non-toxic and doesn’t burn. It has an R-value of about 3.9 per inch and costs about as much as polyurethane foam.

Foaming Insulation Vehicles 

These are latex-based foamed adhesives that transport an insulating material (such as fiberglass) into a cavity. After the bubbles in the foam dissipates, it leaves the encapsulated insulation uniformly distributed in the cavity and it’s R-value unchanged. It is intended for enclosed building cavities. It is not widely available in the U.S. Here are typical R-values attained for three types of insulation applied in this manner:
· Fiberglass: R-4.0 per inch 

· Mineral Wool: R-3.8 per inch 

· Cellulose: R-3.7 per inch 

Structural Insulating Panels (SIP) 

Structural insulating panels (SIP) often consists of a foamboard core sheathed on one or both sides with plywood, oriented strand board (OSB), or gypsum board (drywall.) The insulation is usually polystyrene or isocyanurate, but foam-straw composites are sometimes used too. Panels range in size, but are most common in 4 ´ 8 foot to 4 ´ 10 foot (1.2 ´ 2.4 meter to 1.2 ´ 3.04 meter).

Because of their structural trength, SIPs reduce the need for structural lumber, opportunities for air leaks, and installation errors common with stud frame (stick-built) construction. It is also faster to build SIP wall assembles than many other construction methods. Most comparison studies between stick-built and SIP house show significant energy saving with the SIPs. Because these panels also reduce sound transmission, some designers use them for interior partitions too.

SIP roof panels sometimes have a nailable layer only on one side. It’s purpose is as a retrofit over an existing roof where additional insulation is desired but no attic exists under the roof deck. The insulated roof panels are also available with air channels just under the exterior sheathing for ventilated roof designs.

Insulating Concrete Forms (ICF) 

An ICF system consists of interlocking foam board and occasionally hollow-core foam blocks. The foamboard forms are held vertical and parallel to each other by plastic or steel rods and ties. After adding the appropriate reinforcing steel rods (rebar) and poured concrete, the result is a very strong and insulated concrete wall. Such a building can be made from foundation to roofline. Some innovative builders make the roof of ICF as well.

Because of its flammability, any ICF exposed to the occupied space must be covered with an appropriate fire-resistant material. Most codes find half-inch (12.7mm) drywall acceptable. The exterior of the building can be finished with anything the designer finds desirable. 

Other systems use the rigid insulation board in the center of the concrete wall. These are often referred to as "tilt-wall" construction. The walls are poured in a form on a flat deck and after curing are "tilted" upright into position by a crane. Because the insulation board is inside the wall it reduces problems relating to fire and insect infestation. 

Insulation block systems are typically hollow core polystyrene blocks that interlock to create the ICF wall system. Steel reinforcing rods are often used inside the block cavities to strengthen the wall. One draw-back of stacked block ICFs is that the foam webbing around the concrete filled cores provides easy access for insects and ground water to enter the building. To minimize these problems, some manufacturers make insecticide treated forms and often promote a water proofing method for the foam blocks. 

Concrete Block Insulations 

Insulated concrete blocks take on many different shapes and compositions. The better concrete masonry units reduce the area of connecting webs as much as possible. The cores are filled with insulation—poured-in, blown-in, or foamed-in—except for those cells requiring structural steel reinforcing and concrete infill. This raises the average wall R-value.

Some block makers coat polystyrene beads with a thin film of concrete. The concrete serves to bond the polystyrene while providing limited structural integrity. Expanded polystyrene mixed with Portland cement, sand, and chemical additives are the most common group of ingredients. These make surface bonded wall assemblies with a wall R-value of R-1 per inch thickness. Polystyrene inserts placed in the block cores increase the unit thermal resistance to about R-2 per inch.

Hollow-core units made with a mix of concrete and wood chips are also available. They are installed by stacking the units without using mortar (dry-stacking). Structural stability comes from the concrete fill and appropriate rebar throughout for structural walls. One detracting point of this type is that the wood component is subject to the effects of moisture and insects.

Two varieties of solid, precast autoclaved concrete masonry units are now available in the U.S: autoclaved aerated concrete (AAC), and autoclaved cellular concrete (ACC). This class of material has been commonly used in European construction since the late 1940s. Air makes up 80% (by volume) of the material. It has ten times the insulating value of conventional concrete. The R-1.1 per inch blocks are large, light, and have a flat surface that looks like a hard, fine sponge. Mastic or a thin mortar is used to construct a wall. The wall then often gets a layer of stucco as the finish. Autoclaved concrete is easily sawn, nailed, and shaped with ordinary tools. Since the material absorbs water readily, it requires protection from moisture.

Precast autoclaved cellular concrete uses fly ash instead of high-silica sand as its distinguishing component. Fly ash is a waste ash produced from burning coal in electric power plants. The fly ash is the material that differentiates ACC from AAC.

"Natural" Fibers 

Several natural fibers are being analyzed for their potential insulating properties. The most notable of these include cotton, wool, hemp, and straw.

Cotton thermal insulation is no longer produced in the United States, however you may still be able to find small quantities in some areas. Cotton based insulation consists of recycled cotton and plastic fibers that have been treated with the same flame retardant and insect/rodent repellent as cellulose insulation. It meets the same Class I standards for fire resistance as fiberglass insulation. Cotton insulation has similar thermal properties as fiberglass and cellulose insulation (R-3 or so per inch of thickness.) Some chemically sensitive consumers feel that this type of insulation is "healthier" to use than other types. However, field studies have proven that this is generally not the case, and other sources of indoor air pollution are of more concern than the type of insulation.

Wool and hemp insulation are relatively unknown in the U.S., but have been in use in other, less industrialized countries. Both products offer similar R-values to other fibrous insulation types (about R-3.5 per inch of thickness.)

Straw bale construction, popular 150 years ago on the Great Plains of the United States, is receiving renewed interest. Straw bales tested by the Oak Ridge National Laboratory yielded R-values of R-2.4 to R-3.0 per inch. But at least one straw bale expert claims R-2.4 per inch is more representative of typical straw bale construction due to the many gaps between the stacked bales.

Straw Panels 

The process of fusing straw into boards without adhesives was developed in the 1930s. Panels are usually 2 to 4 inches (51-102 mm) thick and faced with heavyweight Kraft paper on each side. Although manufacturer ‘s claims vary, R-values realistically range from about R-1.4 to R-2 per inch. They also make effective sound-absorbing panels for interior partitions. Some manufacturers have developed SIPs from multiple-layered, compressed-straw panels.

Loose-fill Insulation 

Loose-fill insulation includes loose fibers or fiber pellets that are blown into building cavities or attics using special equipment. It generally costs more than batt insulation. However, it usually fills nooks and crannies easier, reduces air leakage better, and provides better sound insulation than natt-type insulation. 

Cellulose fiber, made from recycled newspapers, is chemically treated for fire and moisture resistance. (Check that the bags are clearly labeled to indicate that the material meets federal specifications for fire resistance). It can be installed in walls, floors or attics using a dry-pack process or a moist-spray technique. 

Fiberglass and rock wool loose-fill insulation provide full coverage with a "Blow-in Blanket" System (BIBS) that involves blowing insulation into open stud cavities behind a net. 

Loose-fill insulation typically has a value of approximately R-3 to R-4 per inch. Cellulose fiber has approximately 30% more insulating value than loose-fill rock wool for the same number of inches installed. 

More information about loose-fill insulation is available from the 

Conduction: the transfer of heat through solid objects such as glass, dry wall, brick and other building materials. The greater the difference between the outdoor and indoor temperatures, the faster conduction can occur and the more home a building can gain or lose. 

Convection: the transfer of heat to or from a solid surface via a gas or liquid current. Where home heat loss and gain are concerned, heat convection is caused by air (gas) currents that carry heat from your body, furniture, interior walls and other warm objects to windows, floors, ceilings, exterior walls and other cool surfaces. 

The albedo is measure of reflectivity of a surface or body. It is the ratio of electromagnetic radiation (EM radiation) reflected to the amount incident upon it. The fraction, usually expressed as a percentage from 0% to 100%, is an important concept in climatology and astronomy. This ratio depends on the frequency of the radiation considered: unqualified, it refers to an average across the spectrum of visible light. It also depends on the angle of incidence of the radiation: unqualified, normal incidence. Fresh snow albedos are high: up to 90%. The ocean surface has a low albedo. Earth has an average albedo of 39% whereas the albedo of the Moon is about 12%. In astronomy, the albedo of satellites and asteroids can be used to infer surface composition, most notably ice content. Enceladus, a moon of Saturn, has the highest known albedo of any body in the solar system, with 99% of EM radiation reflected.

Human activities have changed the albedo (via forest clearance and farming, for example) of various areas around the globe. However, quantification of this effect is difficult on the global scale: it is not clear whether the changes have tended to increase or decrease global warming.

The "classical" example of albedo effect is the snow-temperature feedback. If a snow covered area warms and the snow melts, the albedo decreases, more sunlight is absorbed, and the temperature tends to increase. The converse is true: if snow forms, a cooling cycle happens. The intensity of the albedo effect depends on the size of the change in albedo and the amount of insolation; for this reason it can be potentially very large in the tropics.

Wood / framing

Platform Framing 
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Most house built since the 1920s have wood-frame construction: a system of wooden wall studs, floor joists and other wooden members that provide structure and a framework for attaching finished surfaces. The high cost of lumber is fueling an interest in steel and other alternatives, but wood is still-far and away-the most popular framing material. In most cases, even houses that appear to have brick or stone walls actually have wood frame construction beneath their masonry façade. There are two basic framing methods: platform and balloon construction, as shown at right. Platform construction is much more common than balloon framing, though balloon framing was employed in many two-story houses before 1930.

With both methods wall studs and ceiling and floor joists occur every 16 or 24 inches, measured from center to center. These standardized layouts take advantage of floor, ceiling and wall materials with the least cutting and waste. Most older houses have 2 by 4 wall studs spaced 16 inches on center; many newer houses have 2 by 6 wall studs either 16 or 24 inches on center to make exterior walls stronger and allow a larger cavity for wall insulation.

Exterior wall sheathing adds rigidity to the structure and provides a flat base for siding, stucco or other exterior wall finish. Older homes have diagonal sheathing-1/2 inch-thick boards nailed on the diagonal. Most newer homes have plywood or similar composite panel sheathing.

Exterior roof sheathing serves the same purposes for roofing. Most contemporary roof sheathing is either plywood or oriented-strand board (OSB) panels; spaced wood sheathing is common for wood shingle roofs.

With platform construction, walls sit on top of subflooring. Multi-story houses are built one level at a time-each floor provides a platform for building the next series of walls. Nearly all contemporary houses are built using the platform construction method.
Balloon Framing 
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With balloon framing, studs run full height from mudsill to the top plate, to a maximum of 20 feet. This method was popular before the 1930s and is still used on occasion for stucco and other masonry-walled two-story houses because such structures shrink and settle more uniformly than do platform structures. But balloon framing is more dangerous to erect because of its weight and height, and the long, straight wall studs required have grown increasingly expensive and scarce.

Types of Gypsum Board

There are several types of gypsum board manufactured for specific purposes. New products are being developed and the industry is always changing. 

· Regular - is used as a surface layer for walls and ceilings, available in tapered and square edges. 

· Type X - is available in ?-inch or 5/8-inch thickness and has improved fire- resistance through the use of fibers mixed within the gypsum core. 

· Type C or Improved X - Additional additives give this product improved fire-resistance. Required in some fire-tested assemblies. 

· Water Resistant Board - made with a water-resistant core and water-resistant face paper. Also known as "green" board. Designed as a ceramic tile backer board. The NWCB does not recommend use in high moisture areas. 

· Gypsum Core Board - 1-inch thick panels used in proprietary shaft wall assemblies and laminated gypsum assemblies. 

· Gypsum Liner board - available in ?- or 1-inch thickness and used primarily in area separation wall systems. 

· Soffit board - designed for exterior use under protected overhangs and walkways. 

· Gypsum sheathing - used as an underlayment in exterior walls for structural stability and fire-protection. Available in treated and non-treated core for water-resistance. The NWCB recommends the use of treated core in the Pacific Northwest. 

· Abuse resistant board - Some of these new products may or may not be gypsum. Each manufacturer has specific recommendations and limitations to these products.

Wood derives from woody plants, notably trees but also shrubs. Wood from the latter is only produced in small sizes, reducing the diversity of uses.

In its most common meaning, "wood" is the secondary xylem of a woody plant, but this an approximation only: in the wider sense, wood may refer to other materials and tissues with comparable properties. Wood is a hygroscopic, cellular and anisotropic material. Dry wood is composed of fibers of cellulose (40%–50%) and hemicellulose (20%–30%) held together by lignin (25%–30%).

nail to suit every job, it pays to use the correct type.
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	Round wire nail. These large round head nails are mostly used for rough carpentry where appearance is not important but strength is essential. They are inclined to split a piece of wood. Sizes from 20- 150 mm (0.75in - 6in). 
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	Oval wire nail. Most suitable for joinery work where appearance is important since they can easily be punched below the surface. They are less likely to split the wood if driven in with the longer sides parallel to the grain. Sizes from 12-150 mm (0.5in - 6in) 
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	Round or lost head nail. Stronger than oval wire nails, they can easily be punched below the surface of the wood. Sizes from 12-150 mm (0.5-6in) 
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	Tack. A short nail with a wide, flat head, the tack is used for fixing carpets to floorboards and for stretching fabric on to wood. 
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	Panel pin. Round lightweight nail used for cabinet-making and for fixing small mouldings into place. 

	[image: image13.jpg]



	Cut floor brad. Rectangular, they have an L-shaped head and are nearly always used for nailing floorboards to joists. Sizes from 25-150 mm (1-6in). 
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	Masonary Nail. Made of hardened steel, this nail is used to fix wood to brick, breeze block and most types of masonry. 
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	Square twisted nail. Twists into the wood. These comparatively expensive nails offer a more permanent, screw-like grip than plain nails. 
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	Annular nail. Useful where very strong joints are required. The sharp ridges round the shank become embedded in the wood to give a tight grip. 
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	Cloat head nail. Made of galvanized steel, with a large, flat retaining head, this nail is most suitable for soft materials such as plasterboard and roof felt. 
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	Spring-head roofing nail. For fixing corrugated sheeting to timber. The twisted shank and inverted cup head produces a very strong purchase. 
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	Corrugated fastener. For reinforcing a weak wood joint or for securing mitred or butt joints in rough framing. 
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	Cut clasp nail Rectangular in section, they are difficult to remove and provide a very strong fixing in wood and pre-drilled masonry. Sizes from 25-150mm (1-6in). 
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	Hardboard nail. These have a diamond-shaped head which is virtually hidden when hammered into hardboard. Sizes from 9-38mm (3/8-1.5 in). 
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	Sprig. A small nail without a head. They are used mainly to hold glass in window frames before applying putty which covers them up. Sizes from 12-19mm (0.5-0.75in) 

	[image: image23.png]



	Upholstery nail. Available in chrome, brass and other metallic finishes, they are used as a secondary fixing with tacks. The dome head gives a decorative finish when nailing chair coverings into place. Various head sizes are available. 
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	Staple. U-shaped round wire nails with two points to hold lengths of wire in position. Some staples have an insulated lining for fixing flex and electric cable. 


Elastic Properties

Modulus of Elasticity
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Elasticity implies that deformations produced by low stressare completely recoverable after loads are removed. When loaded to higher stress levels, plastic deformation or failureoccurs. The three moduli of elasticity, which are denoted by EL, ER, and ET, respectively, are the elastic moduli along thelongitudinal, radial, and tangential axes of wood. These moduli are usually obtained from compression tests; however,data for ER and ET are not extensive. Average values of ER and ET for samples from a few species are presented inTable 4–1 as ratios with EL; the Poisson’s ratios are shown in Table 4–2. The elastic ratios, as well as the elastic constantsthemselves, vary within and between species and with moisture content and specific gravity.The modulus of elasticity determined from bending, EL,  rather than from an axial test, may be the only modulus of elasticity available for a species. Average EL values obtained from bending tests are given in Tables 4–3 to 4–5. Representative coefficients of variation of EL determined with bending tests for clear wood are reported in Table 4–6. As tabulated,EL includes an effect of shear deflection; EL from bending can be increased by 10% to remove this effect approximately.

TYPES OF WOOD JOINTS
The examples shown below represent common methods for joining two pieces of wood at intersecting edges. The type of joints you select should be determined by the strength required, cost to create, and final appearance of the product. See DESCRIPTION below illustrations.
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The LAP joint is the easiest to construct but needs nails or screws with the glue to provide strength. The end grain of one piece will show from one side or the other.

The MITER joint is best looking as no end grain shows but it is more difficult to construct as the 45° angles must be cut accurately. Finishing nails are usually needed with glue to strengthen the joint.

The TONGUE & GROOVE joint is stronger than the LAP joint but requires more work to create. This joint works well on horizontal pieces like drawer supports or shelves.

The DADO joint is stronger and better looking than the LAP joint and finishing nails can be hidden eassily. This joint works well on recessed drawer fronts.

The DOVETAIL joint is the strongest of the joints shown as the two pieces interlock. This joint requires much more work to construct but is considered high quality. This joint can be used on all corners but is typically found in drawer construction.

The MORTISE & TENON joint is very strong and takes considerable work to construct. This joint works well for connecting chair or table rungs to legs.

The DOWEL joint is very strong and requires care in locating the holes for the wood dowels. The dowels are usually made from .25" diameter birch or maple. This joint is typically used to join boards along their long edges.

ROOFING

Three Basic Types 

There are three major types of flexible roofing membranes. All of them are fairly complex and some have names that you can barely pronounce. I happen to like the products in the first group - those being the Thermoset types. 

Thermoset Membranes 

These materials are ones that chemically crosslink. What that means to you is that once seams cure you have one giant molecule of roofing over your head and possessions. That is a huge advantage. Many of the synthetic rubber roofs (EPDM) fall into this category. You also find the CSPE, CR, and ECR compounds/membranes in this group. These membranes are fairly thick and often you will find them in thicknesses between 30 and 60 mils. These roofing materials offer superior performance over a wide range of exposures. If applied according to manufacturers recommendations, they will give you leak free performance for many, many years

Thermoplastic Membranes 

These membranes are very similar to the Thermosets but there is no chemical cross-linking or vulcanization. Seams in the materials are welded together with solvents or heat. The welds - when done properly - are as strong as the material. 

PVC plastic materials are part of this group as well as the following materials: CPA, CPE, EIP, NBP, PIB, and TPO. These are “code” acronyms you might hear the roofer talk about. Be sure to ask exactly what type of material you are getting so you can see which group it falls into! 

Modified Bitumen Membranes 

These membranes combine asphalt with modifiers and reinforcement materials. They are often a “sandwiched” roofing material. These materials can perform well in my opinion but they are not as advanced as the other two groups. These materials are often referred to as “torch-down” roofs because a large flame throwing torch melts the asphalt so that seams can be joined together. You might hear your roofer mention the names APP or SBS 

EPDM: Ethylene Propylene Diene Monomer (or Terpolymer which is simply a product consisting of three distinct monomers). EPDM is classified as a Thermoset material which means it is either fully-cured prior to being installed or that it cures during natural weathering after installation. EPDM roofs are single-ply membranes meaning there is only one ply of roofing material, not multiple plies laminated together.  

EPDM has been in use on roofs in the USA since the 1960's and is one of the most common types of low-slope roofing materials. This is because it is relatively inexpensive, simple to install, and fairly clean to work with when compared to conventional built-up roofs. There aren't the odors and fumes that accompany built-up roofs which appeals to many property owners and managers.

EPDM is a rubber material whose principal components consist of the compounds ethylene and propylene. A flexible rubber matrix forms when a small amount of diene is added to the mix. EPDM is available reinforced or unreinforced with both commonly used; it's also available in either a cured (vulcanized) or uncured (non-vulcanized) state. Vulcanized EPDM is the most common with non-vulcanized often used for flashing purposes.   

EPDM membrane thickness ranges from thirty mils (0.030") to one-hundred mils (0.100") with the most common thicknesses being forty-five mils (0.045") and sixty mils (0.060"). There are three standard application procedures: (1) fully-adhered; (2) mechanically-fastened; (3) loose-laid.   Fully-adhered EPDM uses water or solvent-based adhesives to adhere the rubber to the substrate. Mechanically-fastened EPDM is attached by manufacturer-approved mechanical means to the substrate, and loose-laid membranes are secured only at the perimeters and any penetrations. A ballast of round river rock or concrete pavers is used to hold the materials in place. River rock is usually installed at a rate of 1000 - 1200 pounds per roof square (100 square feet) and the pavers generally weigh approximately 20 pounds per square foot. Structural integrity is important with loose-laid roof systems. The seams of all systems are then sealed using either an adhesive or a splice tape. Splice tapes have tested with a higher tear-strength.

MOISTURE PROTECTION
After fire, water is probably a building's worst enemy. Keeping moisture out will make a building last longer, and the longer it lasts, the more sustainable it becomes. The choice of what to use as the material to face the weather is important for creating a sustainable building. These materials must often be aesthetic as well as functional.
Waterproofing, Damp-Proofing, Water Repellents
Most of the products in these sections use solvents containing volatile organic compounds (VOCs) as the carrier for the waterproofing agent. As the applied material dries these VOCs are released into the lower atmosphere where it combines with sunlight and automobile exhaust to create ozone, a component of smog. Applied membrane systems require the application of a primer which often contains VOCs. VOC content is regulated in many areas. These regulations usually follow California Guidelines: General primers, sealers, and undercoatings are limited to 2.9 lbs./gal.; waterproof mastic coatings are limited to 2.5 lbs./gal.; and waterproof sealers are limited to 3.3 lbs./gal.
Some new water-based products containing no VOCs are being developed. These products may prove as effective as their solvent-based counterparts.
Vapor and Air Barriers
Vapor and air barriers can greatly enhance a building's thermal and moisture protection systems. They create a tight building with little accidental air infiltration. This can be good for thermal control, but often requires adding fresh air to prevent indoor air quality problems. Materials used for barriers are often petroleum based vinyls and plastics, and may release toxic gases into the building.
Shingles and Roofing Tiles
Cedar shakes, clay tile, and slate roofing are old favorites. High quality cedar shakes come from a dwindling supply of slow growth cedars. The shake and shingle industry has been slow to develop managed forests. Clay tile and slate roofs are very expensive, heavy and must be imported long distances but have such longevity that their life-cycle costs may not be much above cheaper products. Alternatives to these materials are coal and petrochemical products, the most common of which are asphalt shingles. Although asphalt shingles are not considered a preferred sustainable product, the Asphalt Roofing Association is working to encourage an increase of recycled material content. The 20 to 30 year lifespan of these products is short but they offer lower first cost than most other roofing materials.
More sustainable roofing materials are made from fiber-cement composites, recycled metals, recycled plastics and reprocessed wood products. The fiber-cement composite is made from wood fiber, sand and cement and may contain autoclaved concrete and/or post-consumer newsprint. The result is a relatively lightweight, fireproof, long lasting (up to 60 year warranties) product, which can be pulverized into a reusable dust at the end of its useful life.
Steel and other metal roofing, while exceedingly high in their embodied energy, are now being made with large amounts of recycled material, and can be recycled again. Lightweight, durable low-maintenance and with a high recycled content these products end up being a sustainable option.
Roofing made from blends of recycled plastics and resins are another option, but they cannot be recycled again. Shingles are also being made from wood fibers harvested from managed sources. The fibers are bonded together using heat and pressure to create shingles more dense and durable than the traditional cedar shake.
Concrete tiles that simulate clay or shakes are heavy, durable, and may be an affordable and sustainable alternative.
Manufactured Roofing and Siding
Many of the more sustainable alternatives use fiber-cement, recycled metal and plastic materials like shingles, but are manufactured into larger panels or a system. A variety of wood products use wood fibers and other by-products from waste, recycled and managed sources. These are typically manufactured into various types of sheathing or finish siding. Care should be taken when specifying these materials because some may off-gas toxins, such as formaldehyde, from their binding agents. These engineered wood products are more resource efficient and durable than solid wood.
Systems where the cladding, substrate, insulation and even structural components are combined into preassembled, premanufactured components are often developed to provide a more efficient use of materials, more sophisticated thermal and moisture protection and ease of application. While these characteristics support a sustainable strategy, it is important to evaluate them in terms of the environmental qualities of the individual materials, their embodied energy and the energy required to assemble the composite system.
Manufactured wall and roof panel systems, typically made up of a rigid insulation core sandwiched by sheathing materials are a potentially energy and resource efficient product. Some systems are structural and can replace wood or metal framing. Systems using rigid insulation panels made with expanded polystyrene or other non-CFC/HCFC dependent manufacturing agents are preferable. While their R-values are only slightly higher than fiberglass batts used in traditional stick framing, the panels' resistance to infiltration provides a tighter envelope than traditional framing. Sheathing materials on these panels can be anything from stainless steel to recycled aluminum, plywood, waferboard or homosote. Efficient material use, energy conservation, and ease of construction make this group of products worth considering.
SUMMARY
· Compare life-cycle cost to initial cost to determine real affordability. 

· Use products that come from sustainable sources or those made with recycled material. 

· Take into consideration environmental impacts of manufacture, use and disposal of any product. 

· Attempt to address heating and cooling through overall planning, design and orientation. 

Thermal and Moisture Protection
Thermal protection generally refers to fire and smoke protection and is usually needed for steel structures.  Smoke protection materials are used to seal up openings.  Smoke isolation panels are used as barriers between adjacent fire zones.  Damp-proofing materials can be used to seal up gaps between curtain walls and floors.  Most times, more than one type of fire protection materials can be used and specifications shall consider such situations.  
 

Similarly, methods of moisture protection vary widely. Any materials and/or methods which can effectively keep water away can be accepted.  In addition to water proofing membranes, there are additives to cement, bontonite, metal sheeting, etc. Even for water proofing membranes, there are many varieties such as liquid paint, thin flexible sheets, thick blankets, reinforced thick blankets, etc. For water proofing of exterior of buildings, roof tiles, roof shingles and wall panels are normally used.  These include metals, non-metals and composite materials, which are becoming more and more popular
METAL

Galvanic corrosion (also called ' dissimilar metal corrosion' or wrongly 'electrolysis') refers to corrosion damage induced when two dissimilar materials are coupled in a corrosive electrolyte. It occurs when two (or more) dissimilar metals are brought into electrical contact under water.

The potential of a metal in a solution is related to the energy that is released when the metal corrodes. Differences in corrosion potentials of dissimilar metals can be measured in specific environments by measuring the direction of the current that is generated by the galvanic action of these metals when immersed in a given environment. Such measurements could be repeated with all the possible combinations of metals in any corrosive solution.

Understanding How Metals Corrode Can Help Build Better Structures

Except for the "precious" metals, such as gold, metals in the refined form are inherently unstable. This instability is what drives the process of corrosion, and it results from the fact that a refined metal is continually trying to revert to its natural state (the mineral). Some metals do this faster than others.

The Galvanic Series ranks corrosion tendencies in specific environments. The Galvanic Series for seawater is a much-used ranking because it’s a good, general approximation of how metals behave. See Table 1.

How surface reactions alter a metal’s corrosion resistance can be seen in the example of four common construction metals - aluminum, lead, copper and iron. Aluminum ranks as a very active, or corrosion-prone, element in both the AMF Series and the Galvanic Series for seawater, yet it is prized for its low maintenance and slow corrosion rate. This is because aluminum forms a tightly adhering surface film of aluminum oxide when exposed to the air. Under most atmospheric conditions, the oxide protects the aluminum from further corrosion. An exception is found in seashore locations.

When exposed to damp, salty air, most aluminum alloys behave very actively. Sea salt (mostly sodium chloride) destabilizes the normally protective oxide film, leading the localized attack, or "pitting." The reaction is so strong that a thin-gauge aluminum sheet will show perforation after being immersed in warm salty water for only a short period of exposure. However, not all aluminum alloys react so strongly to salt air. Aluminum masts, for example, are very popular on sailboats, but the alloy found in most aluminum flashing, roofing and siding does not stand up to salt, and should not be used near the sea. Aluminum performs much better in industrial atmospheres, although the top choices there are lead and copper.

Lead also forms a surface film of corrosion when exposed to the air. Because this film bonds so tightly with the underlying metal, however, it becomes a barrier to further corrosion. The types of films that form on lead include sulfate, oxides, and carbonates. Lead reacts with sulfur-bearing industrial atmospheres to produce lead sulfate, so it becomes very corrosion-resistant in industrial atmospheres and in areas subject to acid rain.

The green patina seen on older copper structures is a corrosion product consisting of copper sulfates and copper carbonates. The presence of sulfate films means that copper, like lead, holds up well in industrial atmospheres. But there is evidence that atmospheric corrosion of copper, while low, is increasing. Some old-timers remember that the green patina used to take about 25 years to form. It now forms in about 10 years, showing an increased corrosion rate in the underlying metal (although the green patina protects the underlying metal, it does not completely stop the corrosion). Observations of Christ Church in Philadelphia, for example show that its more than 200-year-old copper roof has an annual corrosion rate lower than that seen in contemporary structures.

While lead and copper serve well in heavily industrial atmospheres, zinc and galvanized steel fare poorly under the same conditions. Unlike aluminum, however, zinc and galvanized steel are the metals of choice in seacoast locations, where they suffer little damage from salt-heavy air.

Uncoated iron and steel are quite a different story. Although they are ranked midway in the EMF Series, indicating that they’re mildly active metals, they are next to aluminum in the Galvanic Series for seawater. The active behavior of iron and steel results from the type of native oxide that they form. In contrast to the dense, tightly adhering films associated with aluminum, lead and copper, iron and steel oxides tend to be loose, porous, and nonadhering. The oxide flakes off almost as soon as it forms, exposing a fresh metal surface to further oxidation and attendant loss of metal.

An exception to this are products developed called "weathering steel" which modifies the oxide by alloying steel with copper to make the surface film more adherent, thus providing protection. Weathering steel will corrode, but it will usually do so more evenly and at a much slower pace than steel.

It cannot be overemphasized that the corrosion resistance of a metal depends on its naturally forming surface film, as well as on whether or not the film is protective. But corrosion is a complex subject, and several variables can influence a particular metal’s performance. Local experience in different regions with each material is usually the best guide to its suitability for a particular use.

Galvanic corrosion - The Galvanic Series assume freely corroding metal, unaffected by contact with any other substance. Galvanic corrosion is a form of electrochemical corrosion that occurs when two dissimilar metals come together in the presence of an electrolyte to form an electrical couple, known as a galvanic couple. In building systems, the electrolyte is usually ordinary moisture, whether rainwater of high atmospheric humidity.

When two metals form an electrical couple, an exchange of electrons takes place, its direction and intensity governed by each metal’s ranking in the Galvanic Series. The farther apart the two metals are on the Galvanic Series, the greater the potential for corrosion (see Table 2). This exchange protects the more noble (less active) metal, while causing the more active metal to corrode even faster. The more active metal gives up electrons, sacrificing itself to protect the more noble. We call the active, corroding metal the "anode" and the noble, non-corroding metal the "cathode". After the anode corrodes completely away, the cathode will again begin to corrode as reflected by its position in the Galvanic Series.

Although builders rightly see galvanic couples as something to be avoided, the process has its uses. Boaters, for example, use sacrificial anodes - buttons or bars of an aluminum magnesium alloy that corrode instead of more desirable metallic boat parts - to protect engine parts or propellers. And galvanic couples are the mechanism by which galvanizing works.

Galvanizing means simply overlaying steel with zinc, either by plating or by dipping the steel in molten zinc. An undamaged piece of galvanized steel will corrode at the same rate as a similar piece of zinc. Once the zinc coating is perforated (by mechanical damage, for example), the zinc forms a galvanic couple with the steel, the zinc corroding to protect the steel. The zinc will continue to protect the steel until most of the zinc is gone.

When the zinc is gone, you may begin to see a lot of thin patches of rust. What this means depends on whether the zinc was applied by plating or dipping. On an electroplated surface, such as a galvanized-metal roof, the rust indicates that corrosion of the underlying metal has begun. On a hot-dipped galvanized surface, however, the zinc actually diffuses partway into the steel. The initial patches of rust mean that the pure zinc overlay has corroded away. Thus a piece of hot-dipped galvanized steel will give you some warning before the steel begins to corrode.
By Ana Diaz

TABLE 2 

	Galvanic corrosion potential between common construction metals

	 
	Alum.
	Brass
	Bronze
	Copper
	Galvan Steel
	Iron/ steel
	Lead
	Stain steel
	Zinc

	Aluminum
	 
	1
	1
	1
	3
	2
	2
	3
	3

	Copper
	1
	2
	2
	 
	2
	1
	2
	1
	1

	Galvanized steel
	3
	2
	2
	2
	 
	2
	3
	 
	3

	Lead
	2
	2
	2
	2
	3
	3
	 
	2
	3

	Stainless steel*
	3
	1
	1
	1
	2
	2
	2
	 
	1

	Zinc
	3
	1
	1
	1
	3
	1
	3
	1
	 

	1. Galvanic action will occur with direct contact. 

2. Galvanic action may occur. 

3. Galvanic action is insignificant between these metals. * Active stainless steel


Castellated beams have a number of specific possibilities and advantages. They are light and strong. They are cheap. They have class! Easy to assemble at the construction site. The openings in the web simplify the work of the installer and the electrician, since taking pipes across beams presents no problems. After all, the web of the beam already has many wide openings by nature. Secondary constructional elements such as ceiling systems, can also be installed easily. And castellated beams are ELEGANT. Most architects rate the aesthetic value of a castellated beam highly. Which is why castellated beams are often used in applications where they will be (very) visible.

In certain instances the choice for castellated beams may not be so obvious. For example, when a beam is subjected to substantial concentrated loads. Or when the castellated beam is used as a continuous beam across several supports. In portals with rigid knee junctions, load concentrations occur which are relatively unfavourable for castellated beams. In such cases castellated beams must be reinforced at the places where these load concentrations occur. For example by inserting plates into one or more of the web openings. The additional fitting and welding work involved in this is relatively pricey. After all, each plate requires six (or eight) welds; which on a beam with a length of, say, 12 teeth makes the welding costs one and half times (one two-thirds) as high. The best (technical) solution in such cases is to border the openings in question with welded-on raised edges. Unfortunately this is also the most expensive solution .... Another minus point. When very high requirements are set for fire resistance, castellated beams could be less attractive since the fire resistant coating has to be around 20% thicker than for rolled sections in order to obtain the same fire resistance.

Unique opportunities

Castellated beams offer a designer all kinds of opportunities for "cutting to size". For example, in simple straight castellated beams the depth can be determined at will by changing the cutting pattern. In this way, the strength of the beam can be precisely matched to the occurring loads. That's what you call optimum construction! What's more, a castellated beam that tapers in depth can quite easily be made, by setting the cutting pattern not exactly parallel to the length of the castellated beam, but at a slight angle. After cutting, one of the two halves is reversed and the two halves are then welded together lengthwise. At one end both low sides come together, at the other end both high sides.
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Figure 3-2.—Structural shapes.

The S-shape is in the design of the inner surfaces of the flange. The  W-shape  has  parallel  inner  and  outer flange surfaces with a constant thickness, while the S-shape  has  a  slope  of  approximately  17’  on  the  inner flange surfaces. The C-shape is similar to the S-shape in  that  its  inner  flange  surface  is  also  sloped approximately   17’.

The  W-SHAPE  is  a  structural  member  whose cross section forms the letter H and is the most widely used  structural  member.  It  is  designed  so  that  its flanges provide strength in a horizontal plane, while the web gives strength in a vertical plane. W-shapes are used as beams, columns, truss members, and in other  load-bearing  applications. 

The BEARING   PILE   (HP-shape)   is   almost identical to the W-shape. The only difference is that the  flange  thickness  and  web  thickness  of  the  bearing pile are equal, whereas the W-shape has different web and  flange  thicknesses. The  S-SHAPE  (American  Standard  I-beam)  is distinguished by its cross section being shaped like the letter   I.   S-shapes  are   used   less   frequently   than W-shapes since the S-shapes possess less strength and are less adaptable than W-shapes. 

The C-SHAPE (American Standard channel) has a cross section somewhat similar to the letter C. It is especially useful in locations where a single flat face without outstanding flanges on one side is required. The C-shape is not very efficient for a beam or column when   used   alone.   However,   efficient   built-up members may be constructed of channels assembled together with other structural shapes and connected by rivets  or  welds
An  ANGLE  is  a  structural  shape  whose  cross section resembles the letter L. Two types, as illustrated in figure 3-3, are commonly used: an equal-leg angle and an unequal-leg angle. The angle is identified by the dimension and thickness of its legs; for example, angle 6 inches x 4 inches x 1/2 inch. The dimension of the legs should be obtained by measuring along the outside of the backs of the legs. When an angle has unequal legs, the dimension of the wider leg is given first, as in the example just cited. The third dimension applies to the thickness of the legs, which al ways have equal thickness. Angles may be used in combinations of two or four to form main members. A single angle may also be used to connect main parts together. Steel  PLATE  is  a  structural  shape  whose  cross section is in the form of a flat rectangle. Generally, a main point to remember about plate is that it has a width of greater than 8 inches and a thickness of 1/4 inch or greater. Plates  are  generally  used  as  connections  between other  structural  members  or  as  component  parts  of built-up  structural  members.  Plates  cut  to  specific sizes may be obtained in widths ranging from 8 inches to 120 inches or more, and in various thicknesses. The edges of these plates may be cut by shears (sheared plates)  or  be  rolled  square  (universal  mill  plates). Plates frequently are referred to by their thickness and width in inches, as plate 1/2 inch x 24 inches. The length in all cases is given in inches. Note in figure 3-4 that  1  cubic  foot  of  steel  weighs  490  pounds.  his weight  divided  by  12  gives  you  40.8,  which  is  the weight (in pounds) of a steel plate 1 foot square and 1 inch thick The fractional portion is normally dropped and 1-inch plate is called a 40-pound plate. In practice, you  may  hear  plate  referred  to  by  its  approximate weight per square foot for a specified thickness. An example  is  20-pound  plate,  which  indicates  a  1/2-inch plate. (See figure 3-4.) The designations generally used for flat steel have been  established  by  the  American  Iron  and  Steel Institute  (AISI).  Flat  steel  is  designated  as  bar,  strip, Figure  3-3.—Angles. 3-2
Types of Fire Extinguishers    (Select images for a closer view)

There are basically four different types or classes of fire extinguishers, each of which extinguishes specific types of fire. Newer fire extinguishers use a picture/labeling system to designate which types of fires they are to be used on. Older fire extinguishers are labeled with colored geometrical shapes with letter designations. Both of these types of labels are shown below with the description of the different classes of extinguishers.

Additionally, Class A and Class B fire extinguishers have a numerical rating which is based on tests conducted by Underwriter’s Laboratories that are designed to determine the extinguishing potential for each size and type of extinguisher. Click on any of the topics listed below for additional information that may be helpful to know.

Dry Chemical extinguishers are usually rated for multiple purpose use. They contain an extinguishing agent and use a compressed, non-flammable gas as a propellant.
Halon extinguishers contain a gas that interrupts the chemical reaction that takes place when fuels burn. These types of extinguishers are often used to protect valuable electrical equipment since them leave no residue to clean up. Halon extinguishers have a limited range, usually 4 to 6 feet. The initial application of Halon should be made at the base of the fire, even after the flames have been extinguished.
Halon extinguishers contain a gas that interrupts the chemical reaction that takes place when fuels burn. These types of extinguishers are often used to protect valuable electrical equipment since them leave no residue to clean up. Halon extinguishers have a limited range, usually 4 to 6 feet. The initial application of Halon should be made at the base of the fire, even after the flames have been extinguished.
Water  These extinguishers contain water and compressed gas and should only be used on Class A (ordinary combustibles) fires.
Carbon Dioxide (CO2) extinguishers are most effective on Class B and C (liquids and electrical) fires. Since the gas disperses quickly, these extinguishers are only effective from 3 to 8 feet. The carbon dioxide is stored as a compressed liquid in the extinguisher; as it expands, it cools the surrounding air. The cooling will often cause ice to form around the “horn” where the gas is expelled from the extinguisher. Since the fire could re-ignite, continue to apply the agent even after the fire appears to be out.

STC

Welcome to STCratings.com, a collaborative arm of Acoustics.com. This site aligns with our goals of promoting the importance of acoustics and acoustic-related issues across a variety of related industries.

A common acoustic issue in virtually any space is sound transmission. Sound transmission can be both airborne and/or structure borne vibration. (Structure borne vibration is assessed by a different standard, Impact Insulation Class - IIC, and is not addressed in this text). Airborne sound travels through the air and can transmit through a material, assembly or partition. Sound can also pass under doorways, through ventilation, over, under, around, and through obstructions. When sound reaches a room where it is unwanted, it becomes noise. Noise such as that from automobiles, trains and airplanes can transmit through the exterior structure of a building. In the same way, noise from mechanical equipment or speech can transmit from one room within a building to an adjacent space. 

Sound transmission can cause noise control, confidentiality, and privacy issues. Sound from a noisy environment such as a mechanical equipment room or an area with loud activities or music can transmit through a partition into a quieter space. This will cause unwanted noise within the quieter space. This is not only an annoyance; in several cases it can cause the quieter space to become unusable for its intended purpose. Several spaces require confidentiality. Offices of counselors, lawyers, or human resource departments cannot function in a space where sound will transmit through the surrounding walls and into an adjacent space. In most other office situations if confidentiality is not an issue, privacy is. If sound transmission is not properly controlled, the space or environment will not provide privacy for its users. 

Transmission Loss is a measurement of a partition's ability to block sound at a given frequency, or the number of decibels that sound of a given frequency is reduced in passing through a partition. Measuring Transmission Loss over a range of 16 different frequencies between 125-4000 Hz, is the basis for determining a partitions Sound Transmission Class. 

The Sound Transmission Class (STC) is a single-number rating of a material's or an assembly's ability to resist airborne sound transfer at the frequencies 125-4000 Hz. In general, a higher STC rating blocks more noise from transmitting through a partition. 

STC is highly dependant on the construction of the partition. A partition's STC can be increased by: 

·  Adding mass 

·  Increasing or adding air space 

·  Adding absorptive material within the partition 

A partition is given an STC rating by measuring its Transmission Loss over a range of 16 different frequencies between 125-4000 Hz. 125-4000 Hz is consistent with the frequency range of speech. The STC rating does not assess the low frequency sound transfer. Special consideration must be given to spaces where the noise transfer concern is other than speech, such as mechanical equipment or music. 

Even with a high STC rating, any penetration, air-gap, or "flanking" path can seriously degrade the isolation quality of a wall. Flanking paths are the means for sound to transfer from one space to another other than through the wall. Sound can flank over, under, or around a wall. Sound can also travel through common ductwork, plumbing or corridors. Noise will travel between spaces at the weakest points. There is no reason to spend money or effort to improve the walls until all the weak points are controlled. 



Adding Mass
The weight or thickness of a partition is the major factor in its ability to block sound. For example, a thick concrete wall will block more sound than a thin gypsum/2x4 wall. Mass is commonly added to existing walls by adding additional layers of gypsum. When the mass of a barrier is doubled, the isolation quality (or STC rating) increases by approximately 5 dB, which is clearly noticeable. 

back to top

Increasing or Adding Air Space
An air space within a partition can also help to increase sound isolation. This, in effect creates two independent walls. However, the STC will be much less than the sum of the STC for the individual walls. The airspace can be increased or added to an existing partition. A common way to add an airspace is with resilient channels and a layer of gypsum. An airspace of 1 ½" will improve the STC by approximately 3 dB. An air space of 3" will improve the STC by approximately 6 dB. An airspace of 6" will improve the STC by approximately 8 dB. 

back to top

Adding Absorptive Material in the Partition
Sound absorptive material can be installed inside of a partition's air space to further increase its STC rating. Installing insulation within a wall or floor/ceiling cavity will improve the STC rating by about 4-6 dB, which is clearly noticeable. It is important to note that often times, specialty insulations do not perform any better than standard batt insulation.
RULES OF THUMB

General rules of thumb for controlling noise between spaces: 

·  A wall must extend to the structural deck in order to achieve optimal isolation. Walls extending only to a dropped ceiling will result in inadequate isolation. 

·  Sound will travel through the weakest structural elements, which, many times, are doors, windows or electrical outlets. 

·  When the mass of a barrier is doubled, the isolation quality (or STC rating) increases by approximately 5 dB, which is clearly noticeable. 

·  Installing insulation within a wall or floor/ceiling cavity will improve the STC rating by about 4-6 dB, which is clearly noticeable. 

·  Often times, specialty insulations do not perform any better than standard batt insulation. 

·  Metal studs perform better than wood studs. Staggering the studs or using dual studs can provide a substantial increase in isolation. 

·  Increasing air space in a wall or window assembly will improve isolation.

Changes in STC/Changes in Apparent Loudness:
	Changes in STC Rating
	Changes in Apparent Loudness

	+/- 1 
	Almost imperceptible

	+/- 3
	Just perceptible

	+/- 5 
	Clearly noticeable

	+/- 10
	Twice (or half) as loud

	
	


Below are the STC ratings of various wall assemblies, each presented to help illustrate concepts, improvements and rules of thumb. The estimated ratings are based on laboratory test results from various compendiums of STC ratings. It is recommended to consult a professional acoustician for more detailed information or to analyze the specifics of your project/assembly. 

To view different wall assemblies, click on each point below that may apply to your project.

1. Insulation will noticeably improve the STC rating of an assembly.
2. Staggered or double stud walls are higher rated than single stud walls.
3. Metal stud walls perform better than wood stud walls.
4. Resilient channel can improve the STC rating of an assembly.
5. Adding additional layers of drywall can improve the STC rating of an assembly.
6. Drywall between double studs can dramatically reduce the STC rating of an assembly.

1. Insulation will noticeably improve the STC rating of an assembly. 

	Description
	Estimated STC Rating
	Wall Assembly

	3 5/8" metal studs, 5/8" gyp (2 layers total), No insulation
	38 - 40
	[image: image27.jpg]




	3 5/8" metal studs, 5/8" gyp (2 layers total), Batt insulation
	43 - 44
	[image: image28.jpg]
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2. Staggered or double stud walls are higher rated than single stud walls.
	Description
	Estimated STC Rating
	Wall Assembly

	2x4 stud, 5/8" gyp (2 layers total),
Batt insulation
	34 - 39
	[image: image29.jpg]




	Staggered studs, 5/8" gyp (2 layers total),
Batt insulation
	46 - 47
	[image: image30.jpg]




	2x4 studs, 5/8" gyp (2 layers total),
Batt insulation
	56 - 59
	[image: image31.jpg]
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3. Metal stud walls perform better than wood stud walls.
(NOTE: This only applies to single stud assemblies. For double stud assemblies, there is virtually no difference.)

	Description
	Estimated STC Rating
	Wall Assembly

	2x4 stud, 5/8" gyp (2 layers total), Batt insulation
	34 - 39
	[image: image32.jpg]




	3 5/8" metal studs, 5/8" gyp (2 layers total), Batt insulation
	43 - 44
	[image: image33.jpg]





4. Resilient channel can improve the STC rating of an assembly.
(NOTE: These ratings are based on laboratory tests. Because of the special care required when installing resilient channels, actual results could be substantially lower.) 

	Description
	Estimated STC Rating
	Wall Assembly

	2x4 stud, 5/8" gyp (2 layers total), Batt insulation
	34 - 39
	[image: image34.jpg]




	2x4 stud, 5/8" gyp (2 layers total), Resilient Channel, Batt insulation
	45 - 52
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5. Adding additional layers of drywall can improve the STC rating of an assembly.
	Description
	Estimated STC Rating 
	Wall Assembly

	2x4 stud, 5/8" gyp (2 layers total), Batt insulation
	34 - 39
	[image: image36.jpg]




	3 5/8" metal studs, 5/8" gyp (3 layers total), Batt insulation
	39 - 40
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	2x4 stud, 5/8" gyp (4 layers total), Batt insulation
	43 - 45
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6. Drywall between double studs can dramatically reduce the STC rating of an assembly.
	Description
	Estimated STC Rating
	Wall Assembly

	2x4 studs, 5/8" gyp (4 layers total), Batt insulation
	44 - 45
	[image: image39.jpg]




	2x4 studs, 5/8" gyp (2 layers total), Batt insulation
	56 - 59
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	2x4 studs,5/8" gyp (3 layers total), Batt insulation
	59 - 60
	[image: image41.jpg]




	2x4 studs, 5/8" gyp (4 layers total), Batt insulation
	58 - 63
	[image: image42.jpg]





Flame-Spread Ratings
When evaluating building materials for fire safety, many factors including ignition temperature, smoke toxicity and flame-spread are considered. Flame-spread, used to describe the surface burning characteristics of building materials, is one of the most tested fire performance properties of a material. The best known test for developing this rating is the American Society for Testing and Materials (ASTM) Test Method E-84, commonly known as the tunnel test. 
The tunnel test measures how far and how fast flames spread across the surface of the test sample. In this test, a sample of the material 20 inches wide and 25 feet long, is installed as ceiling of a test chamber, and exposed to a gas flame at one end. The resulting flame spread rating (FSR) is expressed as a number on a continuous scale where inorganic reinforced cement board is 0 and red oak is 100. The scale is divided into three classes. The most commonly used flame-spread classifications are: Class I or A, with a 0-25 FSR; Class II or B with a 26-75 FSR; and Class III or C with a 76-200 FSR.
In general, inorganic materials such as brick or tile are Class I materials. Whole wood materials are usually Class II, while reconstituted wood materials such as plywood, particle board or hardboard are Class III. Whole wood is defined as wood used in the same form as sawn from the tree.
Though different species of wood differ in their surface burning (flame-spread) rates, most wood products have a flame-spread rating less than 200 and are considered Class C or III material. A few species have a flame-spread index slightly less than 75 and qualify as Class B or II materials. The chart below compiles information from various sources and shows flame-spread ratings for some common building materials:
	  

Flame-Spread Classification Flame-Spread Rating or Index 
Class I (or A) 0 - 25
Class II (or B) 26 - 75
Class III (or C) 76 - 200

	Material/species
	FlameSpread 

Rating
	Flame-Spread Class

	Hardboard siding panels
	<200
	III

	APA Wood Structural Panels (includes APA 303 Sidings such as T1-11)
	76-200
	III

	Birch, Yellow
	80
	III

	Brick
	0
	I

	Cedar, Western Red
	69
	II

	Douglas-fir
	90
	III

	Fiberboard, Medium Density
	167
	III

	Gypsum Wallboard
	10-15
	I

	Gypsum Sheathing
	15-20
	I

	fiber-cement exterior materials
	0
	I

	Hemlock, West Coast
	73
	II

	Idaho white pine
	82
	III

	Inorganic reinforced cement board
	0
	I

	Maple
	104
	III

	Masonite
	<200
	III

	Oak, Red or White
	100
	III

	Oriented Strand Board (OSB)
	150
	III

	Particle Board
	116-178
	III

	Pine, Lodgepole
	98
	III

	Pine, Ponderosa
	115
	III

	Plywood, Fire-retardant-treated construction
	0-25
	I

	Plywood, Oak
	125-185
	III

	Plywood, Pine
	120-140
	III

	Spruce, Engelmann
	55
	II

	T1-11 
	76-200
	III


The most widely accepted flame-spread classification system appears in the National Fire Protection Association Life Safety Code, NFPA No. 101. This Code groups the following classes in accordance with their flame-spread and smoke development:
Class A - Flame-spread 0-25, smoke developed 0-450.
Class B - Flame-spread 26-75, smoke developed 0-450.
Class C - Flame-spread 76-200, smoke developed 0-450.
Fire Rated Doors
Deansteel fire rated doors have been tested in accordances with UL10B, UL10C and UBC 7-2 and listed by Underwriters Laboratories (UL) and Warnock Hersey (WH). They are available with labels from 20 mins to 3 hours. 

The size of the glass lites is dictated by the required hourly rating. All glass used in fire rated doors must be listed glass and be either 1/4" [6mm] wire, laminated or solid ceramic material. 

Basic guidelines on glass are as follows: 

· 3 Hour - 100 sq. inch [.065m2] per door leaf (where permitted by the authority having jurisdiction) special glazing. 

· 1 1/2 Hour - 100 sq. inch [.065m2] per door (wire glass) or 138 sq. inch [.086m2] (4) vision panels max. (special glazing) 

· 45 Min - 1296 sq. inch [0.84m2] per light neither dimension exceeding 54 inch [132mm] (2856 sq. inch [1.84 m2] with special glazing). 

· 20 Min - 1296 sq. inch [0.84m2] per light neither dimension exceeding 54 inch [132mm] 

· 20 Min - without hose stream. 2971 sq. inch [1.93m2] per light (width 35 3/4" [908mm] x height 83 1/2" [2111mm]). 

Fire rated doors can be prepared for listed fusible link louvers. Maximum louver 24" x 24" [610mm x 610mm], maximum rating 1 1/2 hours. Doors with louvers shall not be provided with glass lights, vision panels or fire exit hardware. 
ACCESSABILITY
What is ADA Certification of State Accessibility Requirements? 

Title III of the Americans with Disabilities Act (ADA) authorizes the United States Department of Justice to certify that state laws, local building codes, or similar ordinances meet or exceed the ADA Standards for Accessible Design for new construction and alterations. Title III applies to public accommodations and commercial facilities, which include most private businesses and non-profit service providers. 

Congress, by authorizing the certification of state and local accessibility requirements under Title III, recognized the important role that state and local building codes and standards may play in achieving compliance with the building-related aspects of accessibility. State and local building officials who are involved in plan approval and construction inspection processes may provide important assistance to construction and design professionals through their oversight of the accessibility requirements of a certified state code.

Why is ADA Certification Important? 

California Government Code Section 4459(c) indicates that the scope of accessibility regulations in the California Building Standards Code shall not be less than the application and scope of accessibility requirements of the federal Americans with Disabilities Act of 1990 as adopted by the United States Department of Justice. ADA certification by the Department of Justice provides the most effective, recognized, and legal method for demonstrating that the California Building Code meets or exceeds the ADA requirements.

Voluntary compliance is an important component of an effective strategy for implementing Title III of the ADA. Private businesses that voluntarily comply with ADA accessibility requirements help to promote the broader objectives of the ADA by increasing access for persons with disabilities to the goods, services, and facilities available in our respective communities. Certification facilitates voluntary ADA compliance by assuring that certified state accessibility requirements meet or exceed ADA requirements. In this regard, business owners, builders, developers, architects, and others in the design and construction industry are benefited because, once a code is certified, they can refer to certified code requirements and rely upon them for equivalency with the ADA.

Certification is advantageous for the following reasons –

1. When an entity is designing, constructing, or altering a building in accordance with an applicable state code that has been certified by the Department of Justice, the designer or contractor will need to consult only that one code, in order to determine the applicable federal and state accessibility requirements. 

2. The covered entity will have some degree of assurance in advance of construction or alteration that the ADA requirements will be met. 

3. In a legal challenge that might be brought under the ADA to facilities constructed in compliance with an ADA certified code, compliance with the certified code constitutes rebuttable evidence of compliance with Title III of the ADA. 

4. A state or local agency enforcing a certified code is for practical, but not legal purposes, facilitating compliance with the ADA and helping to eliminate confusion and possible inconsistencies in standards. 

5. The amount of unnecessary litigation can be reduced, particularly if a state or local code agency has an administrative method of effectively handling complaints concerning violations of its code[image: image43][image: image44][image: image45]
