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Presenter
Presentation Notes
There are more than 100 schools in the US that offer bachelor's degree programs in construction management. Master's degree programs are also available. However, regardless of formal education opportunities, most residential builders’ knowledge of how to build comes from on-the-job experience in the industry and training from either family members or mentor/apprentice relationships, whether formal or informal. The result of this situation has been a form of traditionalism in methods and the selection of materials in the construction industry.
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Results in a 
narrow conservatism 
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not known or available 
in the past

Presenter
Presentation Notes
While traditions ensure the preservation and continuance of tried and true ways and means of building, traditionalism can result in a narrow conservatism that excludes new and improved methods and materials not known or available in the past. The purpose of this course is to survey some of the methods and materials that have proven themselves over the history of building in the US, as well as to introduce to some recent advances in the building sciences. The course will include lectures enhanced with visual slides (PowerPoint®) as well as demonstrations of actual products. The avoidance of brand names will be the rule, except where a particular product is only represented by a single manufacturer. Opportunities for class participants to share individual experiences will also be part of the classroom experience.



Foundations
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Countless sermons and inspirational speeches have been given on the theme of the need for a solid foundation. I’m sure everyone attending this course has heard at least one… maybe a high school or college graduation commencement speech, or a church or synagogue message, or business conference keynote speaker. We know how important the foundation of a building is, but as builders, aren’t we always in a hurry to get the foundation out of the ground so we can start building the real building? After all, when the building is complete, no one will even notice the foundation, which is mostly underground anyway. Maybe we don’t think the foundation will show, and if it is well built, it won’t. But if it is inadequate, it will become painfully apparent as can be seen in the following examples.



Foundations
Famous Failures

• South Padre Island Ocean Tower
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This is a 134-unit skyscraper close to the Mexican border, a 31-story condominium building with views over the ocean. It was marketed as the “highest structure in the Rio Grande Valley” with “Italian marble floors, granite counter tops, stainless steel appliances, custom cabinets, stainless steel fixtures, over-sized Jacuzzi tub and stand-up showers.”During construction, in May of 2008, however, cracks in the columns supporting the parking garage appeared. Structural analysis showed that the tower’s core had sunk 14 to 16 inches. The attached parking lot had moved less than half that distance. Pier supports in the shifty clay more than 100 feet underground began buckling, stressing beams and columns, causing cracking, spalling, and breaking, eventually causing the building to lean towards the northwest corner.By July, the developers were claiming that while Ocean Tower construction would be delayed, the skyscraper would reemerge “stronger and safer than ever”. However, on November 4, 2008, a letter was delivered to investors:We are deeply disappointed to report that the construction of Ocean Tower, which was suspended in May, has been terminated with no immediate prospects for completion.



Foundations
Famous Failures

• South Padre Island Ocean Tower
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Almost a year later, plans were announced for the tower’s demolition. On December 13, 2009, the 376-foot unfinished skyscraper was destroyed with a controlled implosion. At 55,000 tons, it was the largest implosion of a reinforced concrete structure in the world.



Foundations
Famous Failures

• South Padre Island Ocean Tower
• Millennial Towers
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The 645 foot Millennium Tower at 301 Mission Street in San Francisco was completed in 2008 and is the city's third-tallest skyscraper. It contains over 400 multimillion-dollar condo units. 100 million dollars worth of units were sold in the first five weeks of sales. But seven years later in 2015, residents were shocked to learn that the building was sinking. By 2018, the building had sunk 17 inches and tilted 14 inches and has continued to sink at a rate of 2” per year.The building rests on piles that are 60’-90’ deep, but do not reach bedrock which is approximately 250’ below the surface. A tentative settlement has been reached that will require Millennium Partners and Transbay Joint Powers Authority to pay for the $100m plan to fix the building which will involve installing 52 piles that would set on the bedrock 250’ below the surface and be attached to the existing piles. Residents will also be compensated for their financial losses due to the building's notoriety. 



Foundations
Famous Failures

• South Padre Island Ocean Tower
• Millennial Towers
• Leaning Tower of Pisa
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Everybody is familiar with this example of a foundation failure.The tower began to lean during construction in the 12th century. This was due to soft soil on which it was built. The situation was worse by the time of completion in the 14th century. By 1990 the tilt had reached 5.5 degrees. In order to preserve this world-famous tourist destination, work began in 1993 to stabilize the tower. The remediation efforts have successfully reduced the tilt to 3.97 degrees. In this particular case, a foundation failure has inadvertently become a phenomenal success!



My Personal Failure
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In my early days as a young general contractor, I built my first basement foundation. The house was rather large and not having laser levels available in those days, we discovered that the top of the foundation was 1-1/2” out of level from one corner to the opposite diagonal corner. Being inexperienced, I thought we could correct the problem during the framing of the house. The framers were not happy with me to put it mildly. After much extra work, the framing was finally completed and was plumb. My next unhappy crew were the drywall hangers. The framing was plumb, but nothing was quite square. Thank heavens for drywall mud! But the nightmare wasn’t over. The trim carpenters and the cabinet installers discovered that they didn’t figure enough shims for the job. Oh well, the painters will fix it. You know… a little 3/8” caulk. I share this personal experience in hopes that you will never have to, and to stress the point that it’s important to get the foundation right! But what does it mean to get the foundation right? Well, that’s a matter of opinion.



Foundations
Traditional Foundations
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Some of you might be old enough to remember a grandparent’s house that has a foundation like this.Often the stones that were gathered from the clearing of the land would serve as the stones for the foundation. The smaller stones were the base or the footing for the foundation. The larger stones were used for the vertical walls of the foundation. These types of foundations have been built for thousands of years. Even the great cathedrals of Europe were built in this way. 



Foundations
Traditional Foundations

• Poured concrete footings
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More familiar to us today are poured concrete footings with masonry foundation walls, typically concrete block or brick. 



Foundations
Traditional Foundations

• Poured concrete footings
• Masonry foundation walls
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This type of foundation is an excellent choice where a crawlspace is desired. One of the greatest advantages of a crawl space is that it is a convenient space for plumbing, electrical, and mechanical systems. Since it is a free volume, very little extra planning is required for the plumbing piping, the ductwork for HVAC systems and the electrical wiring. Post installation servicing of MPE is also much easier. Another advantage to crawl spaces is that the floor system can be well insulated. Conventional wisdom has been that crawlspaces needed to be ventilated. The purpose for ventilation was to keep air circulating to keep the air under the house dry. As it happens, in most cases, the foundation vents actually introduce moist air into the crawlspace. Warm moist air entering a cool crawl space will drop its moisture, which will condense on walls, pipes, ducts, and floor joists making conditions favorable for mold, corrosion, and rot.  Debates among code writers have continued for decades over whether to vent crawl spaces or not. 



International Residential Code (IRC)

 Section R408.1, Ventilation
 The under-floor space between the bottom of the floor joists and the 

earth under any building (except space occupied by a basement) 
shall have ventilation openings through foundation walls or exterior 
walls. The minimum net area of ventilation openings shall be not less 
than 1 square foot for each 150 square feet of under-floor space 
area, unless the ground surface is covered by Class 1 vapor retarder 
material. Where a Class 1 vapor retarder material is used, the 
minimum net area of ventilation openings shall be not less than 1 
square foot for each 1,500 square feet of under-floor space 
area. One such ventilating opening shall be within 3 feet of each 
corner of the building.

Presenter
Presentation Notes
The International Residential Code (IRC) requires: Section R408.1, VentilationThe under-floor space between the bottom of the floor joists and the earth under any building (except space occupied by a basement) shall have ventilation openings through foundation walls or exterior walls. The minimum net area of ventilation openings shall be not less than 1 square foot for each 150 square feet of under-floor space area, unless the ground surface is covered by Class 1 vapor retarder material. Where a Class 1 vapor retarder material is used, the minimum net area of ventilation openings shall be not less than 1 square foot for each 1,500 square feet of under-floor space area. One such ventilating opening shall be within 3 feet of each corner of the building. So, in order to be in compliance with code, you must include vents in the crawlspace foundation walls, even though it has been proven to be a bad idea. One way to reduce moisture in a crawlspace is to employ dehumidification equipment.



Foundations
Traditional Foundations

• Poured concrete footings
• Masonry foundation walls
• Encapsulated crawlspaces
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Fortunately, the IRC also does allow for non-vented crawlspaces with certain specifications.Section 308.3, Unventilated CrawlspacesMechanically circulating air is established between the upper conditioned area of the home and crawlspace. The air-circulating device must move at least 1 cubic foot of air per 50 square feet of crawlspace area.The crawlspace floor area must be completely sealed with a vapor-retarding material. This means lapping the edges of the vapor retarder up against the inner foundation walls, overlapping separate sheets by at least six inches, and sealing up those seams.All crawlspace walls must be insulated to appropriate R-values for the regional climate. Another term for this type of crawl space is “encapsulated”.



Advanced Energy
https://www.advancedenergy.org/
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A number of studies and resulting reports are available from Advanced Energy on their website at https://www.advancedenergy.org/ Advanced Energy (formerly called Alternative Energy Corporation) is an independent, non-profit corporation founded in 1980 by the North Carolina Utilities Commission to investigate and implement new technologies for distributed generation, load management, conservation and energy efficiency. Advanced Energy is governed by a Board of Directors appointed by the governor of North Carolina and the member utilities. 

https://www.advancedenergy.org/


Foundations
Traditional Foundations

• Poured concrete footings
• Masonry foundation walls
• Encapsulated crawlspaces
• Reinforced Cast-in-Place Concrete
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While foundations built with individual bricks or concrete masonry units (CMU) are prevalent, the conditions under which they are practical are limited. When foundation walls are to be backfilled, such as in the case of a fully excavated basement, alternative types of foundations must be utilized. Among the most common are poured cast-in-place reinforced concrete, ivany block, precast, and treated wood.A reinforced concrete foundation wall is constructed by pouring concrete into forms wherein reinforcing steel has been placed. Concrete has superior strength under compression, but has little strength under tension, making it vulnerable to failure when exposed to the weight of soil pressure when backfilled or the hydrostatic pressures of ground waters. Steel, on the other hand, has superior tensile strength and makes for a beneficial marriage when paired with the compressive strength of concrete. Concrete and steel also possess similar coefficients of expansion making them compatible structural mates. That means that the steel reinforcing bars and concrete show similar elongation and shrinkage behaviors under thermal fluctuations. Wood and steel on the other hand do not share this compatibility, which is why when wood is bolted to steel such as in a flitch plate beam, the couple will “argue” with creaks and groans for the life of the structure.  Despite the complementary qualities of concrete and steel, there are also antagonisms. The most prevalent incompatibility is corrosion of the rebar within the concrete. Chloride ions are the primary cause of corrosion of steel reinforcement . Chlorides can permeate sound concrete through water migration or through cracks and fissures in the concrete by capillary action. Chloride-containing admixtures can also cause corrosion. Coating the rebar with corrosion resistant substances such as epoxies and zinc (galvanization) have been utilized with some success, but the abuse reinforcing steel suffers during the construction process makes it nearly impossible for the coatings to remain intact. Any breach in the coating can cause concentrated corrosion which can prove to be more damaging than the generalized corrosion of uncoated steel. Stainless steel is also an option albeit usually too expensive to be practical.  Another material often used for reinforcing concrete is fiber-reinforced polymer (FRP). FRP composite materials are made up of high strength fibers of glass, carbon, or steel, embedded in a polymer matrix. 



Foundations
Traditional Foundations

• Poured concrete footings
• Masonry foundation walls
• Encapsulated crawlspaces
• Reinforced Cast-in-Place Concrete
• Ivany Block
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A hybrid of CMU and reinforced concrete is the Ivany block foundation. Ivany blocks are concrete blocks formed with notches to receive horizontal reinforcing bars and cells to receive vertical reinforcing bars and poured concrete. The resulting wall is similar in performance to a poured reinforced concrete wall but without the need for the placing and removal of forms.



Foundations
Non-traditional Foundations
• Precast Concrete Foundations
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Precast foundation walls are made of high-strength concrete panels that are manufactured off site. In addition to the continuous vertical concrete component, each panel has regularly spaced solid concrete studs for load-bearing support and a built-in concrete footing. Because the footing is incorporated into the panel, there is no need for a traditional formed or excavated concrete footing. Panels often include rigid insulation where the basement will be used as heated space. The studs can also be wood or steel to receive finished wall materials such as drywall. These studs can also accommodate plumbing and wiring as in conventionally framed walls. Although the constructing of a foundation using precast foundation walls is relatively simple in concept, the process requires meticulous preparation and skilled installation of the panels. Preparing the gravel base, which is usually 4 to 12 inches thick, should be done in coordination with a soils engineer. The gravel base or “subfooting” should be compacted and graded level. The panels are placed with a crane and are bolted together and all joints are caulked with a urethane sealant. Some companies coat the exterior side of the panel eliminating the need for further waterproofing, although some state codes require additional waterproofing nonetheless. The NC Building code does not require additional waterproofing.After the panels are in place and secured, the basement slab is poured to anchor the bottom of the panels. Back filling should not occur until the floor joists are installed above the foundation to brace the tops of the panels. The advantages of precast foundation walls include more accurate and better quality controlled manufacture of the foundation walls. Since the concrete is usually 5,000psi, the panels can be thinner and lighter than a poured concrete foundation. The walls are erected in a fraction of the time of block, Ivany, or cast-in-place concrete and can be erected even in inclement weather. The design of the panels accommodates the installation of piping and wiring, as is the installation of finished walls.



Foundations
Non-traditional Foundations

• Precast Concrete Foundations
• Insulated Concrete Forms
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Insulated concrete forms (ICFs) are similar in some respects to Ivany blocks in that they are individual units stacked in such a way to be filled with concrete resulting in a sort of cast-in-place concrete wall.  The difference is that in ICF construction the blocks are not concrete, but polystyrene insulation material. Like cast-in-place concrete, the forms must be held in place by tensile connectors. In ICFs the connectors are usually plastic and can also serve as fastening points for drywall or other wall finishing materials. Unlike cast-in-place forms which are removed after the concrete has set, ICFs remain in place and serve as insulation for the wall, both on the exterior and the interior.The use of ICFs dates back to the 1940s and 1950s in Switzerland where a similar system was used employing treated wood fibers rather than foam. In the 1960s, after chemical companies had developed plastic foams, Werner Gregori, a Canadian contractor and inventor, developed a foam block that resembles today’s typical ICFs. In the 1980s and 1990s, American companies got involved in the technology, manufacturing blocks and panels or planks. In 1994, the Insulating Concrete Form Association (ICFA) was founded to do research and promotion of ICFs. Although no longer in operation, the organization was important to bring public awareness of the product and to obtain building code acceptance. Owners choose ICF construction for several reasons such as the resulting strength of the walls, which is important for safety and resistance to storm and seismic events. ICF walls are resistant to moisture conditions such as mold and rot. They also afford minimal opportunity for insects and vermin infestation. Because of the foam, the thermal insulation results in better life cycle energy usage. The foam also adds the benefit of sound isolation.Additionally, contractors appreciate the ease and speed of construction. The light weight and the ability to be cut with common carpentry tools allows erection by lower skilled workers. Installation of insulated concrete form systems is similar to masonry construction or more like building with Legos. Construction usually starts at the corners and blocks are placed a layer at a time to build up the wall. Depending on the manufacturer, some units, must be glued together or taped at the joints. Most systems, however, are designed so as to eliminate the need for adhesives during stacking.     Once the forms are in place and the required reinforcement installed, it is extremely important that walls are plumb and adequately braced before concrete is pumped into the forms. Some contractors lean walls slightly in toward the bracing which allows for minor adjustments to ensure the walls are plumb. This is good practice since you can push the wall to plumb, but it is nearly impossible to pull it to plumb. Extreme care must be taken to fill the forms with concrete at the proper rate based on the formwork manufacturer specifications, otherwise misalignment and blowouts may occur. Openings for doors and windows require bucks to surround the opening and contain the fresh concrete during placement.  The bucks also provide suitable material for fastening window or doorframes.Forms can be delivered as preassembled blocks with connectors already installed or flat-packed panels that must be assembled with the connectors on site. Some preassembled blocks use hinged connectors to allow for more convenient packing and shipping. The foam most often used for ICFs is expanded polystyrene (EPS). The connectors that separate the two layers of forming material can be plastic or metal. The joints between individual forms can feature interlocking teeth or a tongue and groove configuration molded into the forming material, or simple butt jointed seams. Block sizes are usually 16 inches high by 48 inches long. The cavities are commonly six or eight inches wide but can be customized according to engineered requirements. 



Foundations
Non-traditional Foundations

• Precast Concrete Foundations
• Insulated Concrete Forms
• Autoclaved Aerated Concrete
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Autoclaved Aerated Concrete has been around for approximately 100 years and has been used extensively in Europe, Asia, and the Middle East, but has had limited use in the United States. First perfected by the Swedish architect and inventor Dr. Johan Axel Eriksson working with Professor Henrik Kreüger at the Royal Institute of Technology, their AAC materials were branded Ytong. Ytong autoclaved aerated concrete in Sweden was originally produced with alum shale. Unfortunately, the slate deposits used for Ytong contain a very low level of natural uranium, which makes the material give off radioactive radon gas in the building. By creating new formulations that did not contain alum shale, Ytong produced a new type of aerated concrete which solved the problem of radon emissions. Unlike most other concrete materials, AAC is produced using no aggregate larger than sand. When AAC is mixed and cast in forms, several chemical reactions take place that gives AAC its light weight, since 80% of the volume of an AAC block is air. The finished product is solid but still soft. It is placed in an autoclave chamber which is a steam pressure hardening process. This gives AAC its high strength and other unique properties.  Some of the advantages of AAC are:Improved thermal efficiency.Superior fire resistance.Lighter weight saves cost and energy in transportation and labor expense. Environmentally friendly: There is a decrease of 50% of greenhouse gas emissions.Non-toxic: There are no toxic gases or other toxic substances in autoclaved aerated concrete. The biggest disadvantage is that AAC is brittle in nature and needs to be handled more carefully than clay bricks to avoid breakage.



Foundations
Non-traditional Foundations

• Precast Concrete Foundations
• Insulated Concrete Forms
• Autoclaved Aerated Concrete
• Treated Wood Foundation

Presenter
Presentation Notes
Permanent Wood Foundations are built with pressure-treated 2X lumber and sheathed with pressure-treated plywood. The size of the studs as well as their spacing and thickness of the sheathing are dependent on the height of the wall, the vertical loads of the upper stories, and the horizontal pressure of the backfill. Wood foundations that sit on gravel or sand must have a footing plate that is wider than the wall stud/plate size and may be pre-attached to the framed wall or staked to the footing gravel or sand. When a poured concrete footing is employed, no footing plate is required. The bottom plate of the framed wall is bolted to the concrete footing. Plywood recommended for the PWF system is all-veneer APA-Rated plywood sheathing, Exposure 1 marked APA Series V-600 or Exterior marked APA Series V-611, and produced according to U.S. Product Standards PS1, PS2 or APA Standard PRP-108. All fasteners need to be hot dipped galvanized if above grade and stainless steel if below grade. The specifications must be determined by a qualified engineer. Permanent wood foundations may be built on site or built off site and transported to site for installation.Like precast concrete foundation, before a wood foundation is backfilled, the top of the wall must be supported laterally by the floor system. The bottom of the wall must be supported by a cast in place concrete slab or by a pressure treated wood framed floor system. Wood foundations are generally placed on footings of crushed stone (1/2” maximum), gravel (3/4” maximum), coarse sand (1/16” minimum) or poured concrete. In crawl space construction, the interior base of the foundation wall should be backfilled before installing the floor system. Once the floor system is in place, the exterior side of the foundation may be backfilled. Wiring and plumbing may be routed in the vertical spaces between the studs, but studs, plates and any required blocking may not be cut or drilled, however top plates may be drilled for electrical wiring. When installing insulation in below grade walls, a 2” space must be provided between the bottom end of the insulation and the bottom plate.Permanent wood foundations can also be designed to support brick veneer exteriors.



Foundations
Monolithic Slab
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Monolithic slabs are foundation systems poured as one unit and consists of a concrete slab (floor) with thickened portions of the slab around the perimeter and under interior load bearing walls which serve as footings. The footing sections are reinforced with reinforcing steel. This type of foundation is popular in southern regions where the ground does not freeze. National builders often use this type of foundation/floor system because of its simplicity, cost savings, and reduced likelihood of call backs. Even if the natural terrain of a site does not easily accommodate a monolithic slab, extensive grading is often done to flatten the site. Since much of the waste plumbing is under the slab, special care must be taken to ensure that stub ups are accurately placed. Sometimes HVAC ducting is also placed under the slab. HVAC air ducts located under concrete slab floors are especially problematic. Collapsed ductwork that can occur during construction can result in inadequate airflow. Even if the ductwork survives, many environmental problems can occur in under slab ducts such as condensation, flooding, odors, mold, insects, and radon emissions.



Foundations
Open Foundations
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All the foundations discussed so far have been closed foundations. However, some conditions require open foundations such as coastal regions and where the soil will not support the vertical force of the structure. Open foundations generally employ the use of pilings or piers and beams. Piers transfer loads by bearing only. Pilings transfer loads by bearing and friction (and suction). Pilings can be steel or wood and piers can be steel, wood, or concrete. In the case of pilings, the pilings are driven into unstable soil until they reach stable soil or rock. Piers are usually inserted or poured into drilled or bored holes.  A foundation is considered to be 'piled' when its depth is more than three times its breadth.The most famous example of building on piles is the city of Venice, Italy. The city was built in a coastal lagoon by Romans who were trying to flee the Germanic and Hun invasions. They learned to build on the swamps by driving closely spaced alder wood piles into the unstable soils and capping them with limestone shelves. 



Foundations
Open Foundations
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As you can see the result is impressive.



Foundations
Open Foundations
• Pier and Beam

OOPS!
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 We’re a little more familiar with this type of piling and beam construction.



Foundations
Open Foundations
• Pier and Beam

That’s more like it
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This house was built on pilings not because of the soil quality, but because of inevitable flooding. While this type of construction protects the house from water, it makes it more vulnerable to fire. The lower level is often screened with wood or lattice screening which is flammable. A better option would be a metal or a cementitious material. FEMA also recommends that the underside of the floor system be covered with fire rated gypsum board.



Foundations
Open Foundations
• Pier and Beam
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Pier and beam foundations are not always “houses on stilts”. Where poor soil, not flooding, is the issue, houses can be built much closer to the grade.



Waterproofing
• Ice (solid)
• Vapor (gas)
• Water (liquid)
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With the exception of slab on grade and pier and beam foundations, all other foundations are threatened by Public Enemy #1 – WATER!  Water, like all compounds, exists in three states, solid, liquid, and gas. In northern zones, water in its solid form, ice, is a critical issue, especially ice in the ground. Frozen soils swell and cause frost heaving. Frost heaving is the upwards swelling of soil during freezing conditions due to the presence of ice. Local codes where frost heaving is a problem require foundations to be built deep enough to bear on soils below the frost line. Ice is also a threat to any material that has a crack or fissure. Ice wedging or frost wedging is a form of mechanical weathering in which cracks in rock or other surfaces fill with water, freeze and expand, causing the cracks to enlarge and eventually break. Water penetrates the material, often through capillary action and freezes. This is especially destructive when the material is rigid such as stone or concrete. Water in its gaseous state, vapor, is also destructive to foundations. As we have seen in ventilated crawlspaces, the foundation vents introduce moist air (vapor) into the crawlspace. Warm moist air entering a cool crawl space will drop its moisture, which will condense on walls, pipes, ducts, and floor joists making conditions favorable for mold, corrosion, and rot.  Vapor does not always originate in the air. Concrete emits vapor for the entire life of the curing process, which can last thousands of years. Even though concrete dries substantially in 24-48 hours, is 70% dry after 7 days, and is virtually fully cured after 28 days, it never fully dries. Also, due to its porosity, concrete can absorb water by direct contact with liquid water or water vapor. Though ice and water vapor are seriously problematic, liquid water by far is the most serious threat to the integrity of foundations. There are two types of water that endanger foundations – surface water and ground water. The first line of defense is to prevent surface water from becoming ground water. Roof overhangs, gutters and sloping the grade (1/2”/ft for at least 6 ft) away from the foundation are effective means to keeping the surface water away from the foundation. Once surface water penetrates the ground, it becomes ground water and must be managed to keep it from compromising the foundation. The primary task in managing ground water is to keep the water away from the foundation, by allowing it to drain down without creating hydrostatic pressure against the foundation wall. Once hydrostatic pressure is allowed to develop, there will be a leak. Three things are required for a foundation leak – water, a hold or crack, and pressure. You can’t not have water – it will always rain (and snow). You may try to have a foundation without holes, but you probably will not succeed, no matter how hard you try. The only thing left that we can control is the elimination of hydrostatic pressure. Traditionally, drainage materials such as gravel or sand have been used to enable the water to drain down and then collect the water into a perimeter drain that allows the water to flow out and way from the foundation. If you think hydrostatic pressure isn’t that big of a deal, remember that 1” of water is equivalent to a 70 mile per hour wind, which means that hurricane forces can be attacking your foundation, while everything seems calm above ground.



Waterproofing
•Waterproof layer
•Capillary Break  
•Free Draining material
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 Three things are required to protect any foundation from the effects of hydrostatic pressure. A waterproof layer on the foundation, a capillary break, and a layer of free draining material, such as gravel, which allows the water to drain by gravity to a subsurface perimeter drain. With some systems using drainage board or dimple mats, the capillary break and the drainage field are incorporated. Capillarity is of major concern in building, since any material with pores will wick or suck water. Wood and concrete are common materials used in residential construction that contain pores and are therefore subject to capillarity. The smaller the pore, the greater the force of capillarity. This is what allows trees hundreds of feet tall to draw water up to the top branches. Concrete and brick are extremely porous, which makes it extremely important to prevent water from contacting the surface and being drawn into the foundation wall or floor slab by capillary action.  The waterproof barrier is usually attached to the exterior side of the foundation wall, usually a sheet membrane or a liquid membrane applied by spray, roller, or trowel. Sheet membranes are typically rubberized asphalt of at least 60 mil or bentonite. Bentonite is a type of clay that as it takes in water, swells to up to 15 times its original volume forcing itself into cracks and holes permanently sealing the foundation wall. Unfortunately, the seal doesn't form until the foundation is backfilled and water reaches the panel which leaves some doubt as to whether it was properly installed. On the plus side, it is a non-polluting material that is relatively easy to work with.There is some confusion between the terms “waterproofing” and “dampproofing”. The International Residential Code (IRC), in Section R406, specifies the conditions that require either dampproofing or waterproofing. Any concrete or masonry foundation walls "that retain earth and enclose interior spaces and floors below grade shall be dampproofed from the top of the footing to the finished grade." The IRC then provides a list of the permissible materials, which include bituminous coating and acrylic-modified cement. Waterproofing is only required by the IRC "in areas where a high water table or other severe soil-water conditions are known to exist." 



Waterproofing
•Waterproof layer
•Capillary Break  
•Free Draining material
•Perimeter Drain
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 Perimeter drains, often referred to as French drains, named after Henry Flagg French, the man who invented it in 1859, have traditionally been round pipes that allow water to enter and then flow away from the structure. Years ago, the drains were made from terracotta pipes. However, there were problems of cracking and root intrusion.



Waterproofing
•Waterproof layer
•Capillary Break  
•Free Draining material
•Perimeter Drain
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Currently, perimeter drains are usually perforated corrugated plastic pipes, which are easy to install. It is important to cover any perforated pipe with a filter of some sort to prevent the drains from becoming clogged with silt. Many products come with filter fabric installed on the pipe. 



Waterproofing
•Waterproof layer
•Capillary Break  
•Free Draining material
•Perimeter Drain
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Recently, rectangular strip drains are being used more and more. They come with incorporated filter fabric and in some cases an adhesive side which helps to place it against the foundation. 



Waterproofing
•Waterproof layer
•Capillary Break  
•Free Draining material
•Perimeter Drain
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Notice that the placement of the drain is preferably next to the footing. Unfortunately, because of the way footings are excavated, this is rarely done. It usually finds itself sitting on top of the footing. The important thing to remember is that the top of the pipe must be below the top of any slab that may be inside the foundation.



Radon Abatement
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Before we leave the subject of foundations and basements, a word needs to be said about harmful gas abatement, most often radon.Radon is a naturally occurring radioactive gas that can cause lung cancer. It is inert, colorless and odorless. Outdoors, radon is usually not an issue since it disperses rapidly due to natural air movement. Radon exposure is a problem when it occurs inside homes and other buildings. Breathing radon increases your risk of lung cancer. Radon is the second leading cause of lung cancer in the United States. Nationally, the EPA estimates that about 21,000 people die each year from radon-related lung cancer, second only to smoking, which means it is the leading cause of lung cancer in non-smokers.Entry points of radon into buildings are typically cracks in foundations and walls, construction joints, under concrete slabs and around pipes, vents, and wires.



Radon Abatement

•Gravel layer
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According to the EPA, the five basic features that builders should include to prevent radon from entering a home are:Gravel: Use a 4-inch layer of clean, coarse gravel below the “slab,” also called the foundation. This layer of gravel allows the soil gases, which includes radon, that occur naturally in the soil to move freely underneath the house. Builders call this the “air flow layer” or “gas permeable layer” because the loose gravel allows the gases to circulate. NOTE: In some regions of the country, gravel may be too expensive or unnecessary. Alternatives are allowed, such as a perforated pipe or a collection mat.



Radon Abatement

•Gravel layer
•Vapor Retarder
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Plastic Sheeting or Vapor Retarder: Place heavy duty plastic sheeting (6 mil. polyethylene) or a vapor retarder on top of the gravel to prevent the soil gases from entering the house. The sheeting also keeps the concrete from clogging the gravel layer when the slab is poured.



Radon Abatement
•Gravel layer
•Vapor Retarder
•Vent Pipe
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A Vent Pipe: Run a 3-inch or 4-inch solid PVC Schedule 40 pipe, like the ones commonly used for plumbing, vertically from the gravel layer (stubbed up when the slab is poured) through the house’s conditioned space and roof to safely vent radon and other soil gases outside above the house. (Although serving a different purpose, this vent pipe is similar to the drain waste vent, DWV, installed by the plumber.) This pipe should be labeled "Radon System." Your plumber or a certified radon professional can do this. 



Radon Abatement

•Gravel layer
•Vapor Retarder
•Vent Pipe
•Sealing and Caulking

Presenter
Presentation Notes
Sealing and Caulking: Seal all openings, cracks, and crevices in the concrete foundation floor (including the slab perimeter crack) and walls with polyurethane caulk to prevent radon and other soil gases from entering the home.



Radon Abatement

•Gravel layer
•Vapor Retarder
•Vent Pipe
•Sealing and Caulking
•Junction Box
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Junction Box: Install an electrical junction box (outlet) in the attic for use with a vent fan, should, after testing for radon, a more robust system be needed.



Framing

•Platform (Western)
•Balloon (Chicago)
•Braced (Post and Beam)
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Framing can be wood or steel, but since the preponderance of residential construction is wood framing, we will concentrate our considerations on wood framing. The three main types of wood framing used for residential building are Western or platform framing, balloon framing, and braced framing. Western or platform framing is a system of framing in which the floor system of one story sits on the wall assembly of the story beneath it.  Balloon framing, sometimes called Chicago framing, is a system of framing in which the vertical elements of the exterior walls, i.e. studs, extend the full height of the structure from the soleplate to the roof plate. Floor joists are fastened to the studs either by being nailed or screwed to the sides of the studs or by sitting on a ledger that has been let in to the studs. The name comes from the French maison en boulin, boulin being a French term for a horizontal scaffolding support.  Braced framing, or post and beam framing, is a system of framing in which girts are mortised into solid corner posts which are full frame height. Intermediate studs are single story height and, once installed, are diagonally braced. Braced framing is considered to be heavy framing, whereas balloon and platform framing are considered to be light framing, due to the use of smaller and more numerous components.  Braced framing was replaced by balloon framing, and balloon framing has been replaced by platform framing except in certain cases such as stairwells on exterior walls and multi-story height walls.
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In the 1960s, a version of platform framing was proposed called Advance Framing or Optimum Value Engineering (OVE). Its intent was to reduce the amount of lumber used in framing. The purpose was to reduce costs and also improve the energy efficiency of wall assemblies by reducing thermal bridges and allowing better insulation. Some of the methods of this technique were: Framing on wider centers such as 24". This saves studs and increases the amount of insulation in the wall. Inline framing where studs line up over joists and joists and rafters line up over studs. Where wall studs are 2X6 on 24” O.C. and in line with joists and rafters, this is sometimes referred to as Arkansas framing.The use of two stud corners which reduces the amount of studs and allows insulation to be installed in corners.Single stud jambs which prevent the bulking up of jack studs and cripple studs at window openings, which again reduces the number of studs and consequent thermal bridging.Right-sized insulated headers including no headers in non-bearing walls. Eliminating studs at intersections with interior partitions. Although Advanced Framing has been around for over fifty years, it has not gained widespread acceptance. The International Residential Code recognizes some, but not all aspects of Advanced Framing, and areas with high wind loads or seismic zones will not allow some of the details. Even if you are building in an area amenable to using Advanced Framing, don’t expect your local building inspector to sign off on the framing without an engineer’s letter.



Framing

•Mudsill
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Before the floor system can be installed, a sill plate, sometimes referred to as a mud sill, must be bolted to the top of the foundation.  If it is in contact with concrete, it must be pressure treated lumber, and since it is pressure treated lumber the bolts, washers, and nuts must be hot dipped galvanized. It is also good practice to seal the space between the foundation and the sill plate. This is essential in the case of encapsulated crawlspaces and inhabitable basements. This can be accomplished with an appropriate caulk or with several types of foam gaskets that come in rolls. If foam rolls are used, butt joints of the treated sill plates should be caulked.



Framing

•Mudsill
•Floor Systems
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Floor systems have traditionally been framed with 2X joists, typically made from Southern Yellow Pine (SYP), due to its abundance and inherent structural strength. Joists were usually lapped over a drop girder or flushed to the top of a flush girder using a ledger or joist hangers to attach the joists to the girder.



Framing

•Mudsill
•Floor Systems

•I-joists
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In 1969, an engineered wood joist, commonly known as an I-joist was invented. The I-joist differs from dimensional lumber in that the I-joist carries heavy loads with less lumber than a dimensional solid wood joist. The product was widely accepted and as of 2005, approximately half of all wood light framed floors are framed with I-joists. Unlike dimensional solid wood joists, I-joists are less likely to bow, crown, twist, cup, check or split. The greatest disadvantage is that the I-joist rapidly loses structural strength in the case of a fire.Like a steel I-beam, an I-joist has two main parts, the web and flanges. The flanges can be constructed from laminated veneer lumber or finger-jointed solid wood. The web is typically made from plywood, laminated veneer lumber, or oriented strand board. Sizes vary according to the I-joist's intended load and span. Depths can range from 9.25 to 24 inches and can reach up to 80 feet in length. The I-joist can be used for floor joists, ceiling joists, and roof rafters. 
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•Mudsill
•Floor Systems
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Due to the structural dynamics of I-joists, penetrations are possible that can greatly enhance the ability to install MPE systems. Often the allowed opening locations are marked on the web and, in some cases, they perforated so they can be knocked out with a hammer.
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Another alternative to dimensional lumber and I-joists are floor trusses. The technical definition of a truss is a structure that "consists of two-force members only, where the members are organized so that the assemblage as a whole behaves as a single object." Truss derives from the 13th century French word trousse, which means "collection of things bound together.” A planar truss is a truss where all members and nodes lie within a two-dimensional plane. A space truss has members and nodes that extend into three dimensions. The top beams in a truss are called top chords and are typically in compression, the bottom beams are called bottom chords, and are typically in tension. The interior beams are called webs, and the areas inside the webs are called panels. You’ll notice that trusses are usually a network of triangles, since a triangle is the simplest geometric figure that will not change shape when the lengths of the sides are fixed. 



Framing
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This is why before the common use of panels, such as plywood and OSB, let in bracing and 1X sheathing boards were installed on diagonals. You’ll notice that trusses are usually a network of triangles, since a triangle is the simplest geometric figure that will not change shape when the lengths of the sides are fixed. 
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Floor trusses have the ability to span even greater distances than even I-Joists. The open web design also allows for great freedom in the installation of plumbing, electrical, and HVAC systems.
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Not all wood trusses use wood for the webs; some use metal.The first floor trusses that I ever used in the early 1980s were metal webbed trusses. The good thing about this type of truss is that they are easier to fabricate, lighter and easier to handle, however I found that they “sang” when vibrated and the pressed-in cleat on the web ends were prone to fail.



Caveat on Trusses
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Even though trusses are an assemblage that as a whole behaves as a single object, they are not truly static, and they do move. The top chord can change in length due to temperature and moisture fluctuations causing the other members to shift to accommodate the top chord dimensional change. This is referred to as “truss heave” or “truss uplift”. In residential construction this is often observed in the tops of interior partitions that meet the bottom chord of the truss.



Caveat on Trusses
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This condition can be dealt with by using a crown mold which is connected to the moving ceiling and not to the wall allowing the trim piece to travel with the truss as it moves up and down.
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Until World War II subfloors were built with diagonal 1X solid boards, usually 1X6. During the building boom after the war, the introduction of plywood made it the standard for residential construction until the invention of oriented strand board in 1965. Since then, OSB accounts for 66% of all structural panels used in the United States.Plywood was first used by the Egyptians and the Greeks over 5,000 years ago. In 1797 Samuel Bentham, a British naval engineer, applied for patents on machines to produce veneers that could be laminated into what would be later called plywood. His interest was in the use of plywood to construct boats. Plywood was introduced in the United States in 1865, the first year of the Civil War. The first 4X8 sheet of plywood was produced in 1928 and became an accepted general building material.
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Oriented strand board is manufactured in wide mats from cross-oriented layers of thin, rectangular wooden strips compressed and bonded together with wax and synthetic resin adhesives. The mats are compressed under heat to form the sheets from which the finished panels are cut. Prior to compression, a ½” (7/16” actual) nominal OSB panel is about 6” thick. OSB has structural properties similar to plywood and in some cases superior. It is available in thicknesses from ¼” to 1-1/8”. Standard panel size is 4’X8’, but it is also available in 9’ and 10” lengths. Longer lengths are useful for wall sheathing on walls that are greater than 8’ tall. Health concerns have been raised over the years since some of the adhesives used in the production of OSB emit volatile organic compounds (VOCs) such as formaldehyde.Subfloor panels can be nailed or screwed to the floor joists and should be glued. Typical adhesives come in cartridges dispensed through hand activated or pneumatic guns. DAP® has developed a dynamic polyurethane adhesive foaming gel that is faster and easier to use than traditional cartridge adhesives and bonds wet, frozen, and treated wood. 
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“Something there is that doesn’t love a wall.” So wrote Robert Frost in his famous poem, Mending Wall. Of course, he was referring to the stone walls that separated neighbor from neighbor in his New England hometown. But when it comes to the walls in our residences, there is something to love. The wall serves as a vertical structure which supports the roof, which keeps the sun and rain off our heads. It serves as a barrier from the outside world, keeping us safe. It serves a planar structure to accommodate doors that allow us to come in and go out, and windows to admit light and let us view the outside. It is also one of the chief aesthetic components of our homes. It’s the place where we attach our sidings or brick or stone. It’s where we hang the shutters and the wreaths atChristmas time. Yes, there is something that does love a wall. But when a wall is not built right, then we agree with Frost. There is something that doesn’t love a wall. As simple a thing as a wall has proven to be quite complex. Of all the advances in building science, knowledge of how a wall works has proven to be the most enigmatic. Astonishingly, it has taken literally thousands of years to understand and learn from the mistakes humans have made in the building of walls. Early walls were made by stacking stones on each other to some desired height, determined by what you wanted to keep out – a lion, or a bear, or an army. Where there were no available stones, humans (and some animals), made their own stones out of dried clay. Parts of tree trunks, branches, leaves, and grasses also proved to be convenient building materials. Each generation of builders learned what previous builders had done before them and contributed his or her own ideas on how to improve on the methods and materials.
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One of the most fundamental advances in wall building was the trabeated system or what is more commonly call post-and-lintel, trabs being the Latin term for beam.As can be seen from these examples from various locations, the system was “discovered” by people from various lands and times, more than likely by observing naturally occurring instances. Modern day framing is only a variation of this type of construction. It is safe to say that the primary function of the post-and-lintel wall is to support the roof and to provide openings for windows and doors. As is also evident from these examples, the system evolved from a completely open system to a system of enclosure. 
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The functional requirements of walls as support components are strength and stability. A wall should be strong enough to support its own weight as well as any other loads that are placed upon it, such as floors and roofs and lateral pressure such as backfilled earth and wind loads. It should be stable enough to resist any overturning and buckling forces.
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The functional requirements for walls as an enclosure component are weather resistance, fire resistance, heat insulation, acoustical insulation, privacy, and security. The need for strength and the need for insulation against the elements are often competing issues and a balanced compromise must be achieved.
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Focusing on weather resistance and heat insulation, the wall must be designed and built to handle four major types of infiltration – water, air, vapor, and thermal.  
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Traditionally, the typical wall section looked something like this.Notice especially that the exterior cladding serves as the sole control layer. This particular section doesn’t even specify roofing felt over the sheathing and under the siding. Roofing felt (asphalt impregnated felt) has been used for centuries as a moisture barrier on walls, layers for mopped on built up roofs (BUR) and as an underlayment layer for cedar shakes and asphalt/fiberglass shingles. In some ways, it is adequate in its traditional applications, but it does have some downsides. Compositionally, it is primarily crude oil and therefore not a sustainable product. It is also combustible and therefore accelerates structure fires. Exposure to heat UV light greatly diminishes its integrity. Fumes from hot applications and in the manufacture of the product can cause skin irritations and respiratory problems. Asbestos was used in early versions of roofing felt and can persons can be exposed to the asbestos in the demolition and remodeling of existing buildings. Alternative weather resistant barriers (WRB) to roofing felt have become popular since the introduction of Tyvek® in 1967. Tyvek is a nonwoven product consisting of spun bond olefin fiber. It resists liquid, but it allows the passage of water vapor. It is thin, but not easily ripped, making it useful for other applications such as mailing envelopes and personal protective equipment (PPE) suits. Similar housewraps are also available which are less expensive, but also less effective. Typar®, another leading housewrap, has lower vapor permeability than Tyvek®, but has better water holdout. It is also 5X more tear resistant. Typar’s superior water holdout makes it a better WRB when used in a rainscreen system.  Notice also that in the traditional wall section, a vapor barrier is indicated under the drywall or plaster layer. When I first started building in the late 1970s codes required this vapor barrier. It could be achieved by facing the craft paper side of batt insulation toward the conditioned space or preferable (so we thought) by applying a continuous envelope of polyethylene plastic sheeting (visqueen) over the insulation, just under the drywall. This practice has continued for years if not decades. I still see specifications for it from time to time. The original idea was that it would prevent water vapor created inside the house from bathing, cooking perspiring, etc. from entering the structure, i.e. the framing of the wall, after it had permeated the drywall, plaster, or wall paneling. The problem is, it doesn’t. There are too many electrical receptacles, switches, lighting fixtures, mechanical penetrations that allow moisture into the wall structure.  In fact, the interior vapor barrier prevents moisture that does get into the wall structure from being able to migrate into the house where it can be processed by the mechanical system. This became painfully evident in the mid 1990s, with the popular use of exterior insulating and finish system (EIFS). Any leaks of liquid water and/or vapor into the wall from the exterior or interior was trapped between the exterior insulation system and the interior vapor barrier causing the structure to mold and rot. The problem was so prevalent, a class action suit was opened against one of the leading EIFS companies in the US. Even though most of the problems were not the fault of the EIFS system, but due to improper installation by the subcontractors, a settlement was approved January 14, 2003. Attorneys still advertise for help with homeowners who have issues with their homes that have EIFS exteriors. 
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The 2018 International Building Code Section 1402.2     Weather protection. 

“Exterior walls shall provide the building with a weather-resistant exterior wall 
envelope….The exterior wall envelope shall be designed and constructed in 
such a manner as to prevent the accumulations of water within the wall 
assembly by providing a water-resistive barrier behind the exterior veneer, as 
described in Section 1403.2, and a means for draining water that enters the 
assembly to the exterior.” Section 1403.2 reads, “Not fewer than one layer of 
No. 15 asphalt felt, complying with ASTM D226 for Type 1 felt or other 
approved materials, shall be attached to the studs or sheathing with 
flashings as described in Section 1404.4, in such a manner as to provide a 
continuous water-resistive barrier behind the exterior wall veneer.” 
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Presentation Notes
The 2018 International Building Code Section 1402.2 Weather protection. requires that “Exterior walls shall provide the building with a weather-resistant exterior wall envelope….The exterior wall envelope shall be designed and constructed in such a manner as to prevent the accumulations of water within the wall assembly by providing a water-resistive barrier behind the exterior veneer, as described in Section 1403.2, and a means for draining water that enters the assembly to the exterior.” Section 1403.2 reads, “Not fewer than one layer of No. 15 asphalt felt, complying with ASTM D226 for Type 1 felt or other approved materials, shall be attached to the studs or sheathing with flashings as described in Section 1404.4, in such a manner as to provide a continuous water-resistive barrier behind the exterior wall veneer.” All that is to say, that some sort of approved housewrap is required. Also required is a means of draining any water that does enter the assembly. Water in the assembly may be present by water actively entering the assembly or by the condensation of water vapor that has entered the assembly. Water may exit the assembly by liquid drainage or by vapor evaporation. 
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The 2018 International Building Code Section 1402.2     Weather protection. 

“Exterior walls shall provide the building with a weather-resistant exterior wall 
envelope….The exterior wall envelope shall be designed and constructed in 
such a manner as to prevent the accumulations of water within the wall 
assembly by providing a water-resistive barrier behind the exterior veneer, as 
described in Section 1403.2, and a means for draining water that enters the 
assembly to the exterior.” Section 1403.2 reads, “Not fewer than one layer of 
No. 15 asphalt felt, complying with ASTM D226 for Type 1 felt or other 
approved materials, shall be attached to the studs or sheathing with 
flashings as described in Section 1404.4, in such a manner as to provide a 
continuous water-resistive barrier behind the exterior wall veneer.” 

Moisture Resistant Sheathing
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Within the last ten years or so, a new approach has been developed using moisture resistive sheathing. The MRS becomes a combination of structural sheathing, air barrier, and water barrier and eliminates the need for a housewrap. The most well know is Zip System® by Huber Engineered Woods. The system includes structural OSB wall and roof panels with resin-impregnated overlays that are bonded to the outside face of the panel. The roofing panels have the added featured of a high friction, gritty texture to improve traction. Important to the success of the system are the tapes that are used to seal the seams between panels and window and door openings and any other penetrations. The tapes have a patented adhesive that when properly applied and rolled, form a molecular bond to the substratum surface. The resulting perm rating is that of an OSB panel covered with Typar® housewrap. Debate continues as to the cost effectiveness vis-à-vis conventional OSB and housewrap, but it is certainly gaining in popularity. 
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The 2018 International Building Code Section 1402.2     Weather protection. 

“Exterior walls shall provide the building with a weather-resistant exterior wall 
envelope….The exterior wall envelope shall be designed and constructed in 
such a manner as to prevent the accumulations of water within the wall 
assembly by providing a water-resistive barrier behind the exterior veneer, as 
described in Section 1403.2, and a means for draining water that enters the 
assembly to the exterior.” Section 1403.2 reads, “Not fewer than one layer of 
No. 15 asphalt felt, complying with ASTM D226 for Type 1 felt or other 
approved materials, shall be attached to the studs or sheathing with 
flashings as described in Section 1404.4, in such a manner as to provide a 
continuous water-resistive barrier behind the exterior wall veneer.” 

Provision for Drainage
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In addition to resisting water and vapor from entering the wall assembly, means must be provided to process and eliminate water or vapor that does.  Brick and stone veneers have for some time typically been installed so as to provide a 1” air space between the masonry and the WRB protected structure. More recently, weep holes have been required above the flashing at the foundation or over door and window openings. Unfortunately, the careless application of mortar often builds up in the air space and renders it useless for its intended purpose. Care must be taken by masons to ensure that the air gap remains free for water to drain downwards and vapor to evaporate upwards. Returning to the subject of vapor barriers on the inside of the wall structure, there is a Swiss company, Siga, that has developed a uni-directional vapor barrier to be used on the conditioned side of the assembly. The barrier, a sheet product named Majrex (pronounced my-reks) comes in rolls and is attached to the studs by adhesive strips. It allows any moisture in the assembly to migrate across the barrier into the house, but blocks any vapor from the interior of the house from entering the wall assembly.
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Another important function of the wall is its service as a thermal barrier. In northern regions that means keeping the warm air in and in southern regions that means keeping the warm air out. (Air flows from warm to cold). The traditional way to insulate has been to fill the cavities between the studs in a wall with insulation. That insulation is typically fiberglass, cellulose, rockwool, or open or closed cell foam.Fiberglass insulation works by limiting conductive heat transfer in the space that it occupies. Warmer air naturally moves towards a cooler space. The air trapped between the fibrous strands in fiberglass doesn't move and creates still air, effectively eliminating convection and conduction and insulating the space. Fiberglass is made from 50-80% recycled materials, is also a good acoustical insulator and has a life span of about 100 years. 
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Cellulose insulation is composed of recycled wood and paper, primarily used newspapers. (Remember what a newspaper is?) Like fiberglass, cellulose is an excellent thermal and acoustical insulator. Some tests have shown that cellulose is actually a better thermal insulator than fiberglass of the same R value. Cellulose is also less expensive than fiberglass. Unlike fiberglass, cellulose is always installed in loose form. The advantage of loose form insulation is that it can settle in nooks and crannies where fiberglass batts cannot. (To force fiberglass into tight spaces actually reduces its efficacy.) The disadvantage of loose form insulation is that it can settle over time, creating voids that are spaces that are no longer insulated. Cellulose is treated with boric acid to discourage pests and vermin and with fire retardants to reduce flammability. If cellulose is exposed to moisture, it is prone to absorb the moisture, and, while it may not encourage mold growth in itself, it can cause rot and mold on materials that it is in contact with. The life span of cellulose is 20-30 years.
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Rockwool insulation is a rock-based mineral fiber insulation comprised of basalt, a volcanic rock, and recycled slag, a by-product of the steel and copper industries. The minerals are melted and spun into fibers. Prior to 1960, rockwool also often contained asbestos. Rockwool repels water, so R-value is not affected in the presence of moisture. In addition to being fire resistant, it is also completely resistant to rot, mildew, mold, and bacterial growth. There is some concern that the dust and loose fibers from rockwool can be irritants to eyes, skin, and respiratory systems. The life span of rockwool is equivalent to the materials it is comprised of – rocks!
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Sprayed foam insulations are highly effective ways to insulate although they come with initially higher costs. Sprayed foam insulation is referred to open cell or closed cell. Open cell foam is full of cells that aren’t completely enclosed. This makes the foam softer and more flexible. Closed cell foam is made up of cells that are completely closed. Closed cell foam is more rigid, stable, and resistance to air and moisture than open cell foam. Open cell foam has a density of about .5 pounds per cubic foot, while closed cell foam can have a density of 1.75 pounds per cubic foot or more. Open cell foams have an R-value of around 3.5 per inch. Closed cell foams have R values of almost twice that of open cell ranging from 5.0 to 7.0 per inch. Closed cell foam is designed to expand to about 1″ of thickness when sprayed. Open cell foam is designed to expand to 3″ of thickness. Open cell foam can expand into spaces that closed cell foam cannot. Closed cell is waterproof and can serve as a vapor barrier against moisture and active water. This feature can be useful in interior damp-proofing of existing basements.
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If you’ll notice that all of the aforementioned have one thing in common. They are all placed between the studs of the wall assembly, which means that the only part of the wall that is being insulated, is the spaces between the studs, but the studs are the primary thermal bridges in any wall. A thermal bridge, or thermal bypass, is an area or component of an object which has higher thermal conductivity than the surrounding materials, creating a path of least resistance for heat transfer. So, the heat will avoid the insulated space between the studs and travel directly through the stud. In the case of wood framing the studs do have some U-value. In metal framing, the studs are extremely conductive. If the studs are cold, they will cause condensation of any moisture in the wall assembly and the results can be quite damaging. One of the arguments for Advanced, Inline, or Arkansas Framing was the reduction of the number of studs and therefore a reduction of thermal bridging. With all of this consideration of misplaced vapor barriers and troublesome thermal bridges that have been an integral part of the way we have built walls for generations, it makes one wonder what in the world can be done about it?
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Joseph Lstiburek, PhD
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Presentation Notes
Rather than the traditional (and intuitive) way of building an effective wall consider the “perfect wall”.This is a wall section proposed by Dr. Joseph Lstiburek (the “L” is silent). Dr. Lstiburek is a Canadian of Czech descent and principal at Building Science Corporation. He noticed that many ancient buildings have endured for millennia while too many modern structures were rife with problems. His research led Dr. Lstiburek to identify four key control layers within the building envelope (rain, air, vapor, and thermal) critical to a building's behavior, long-term performance, and viability. He noticed that in too many instances the designers and builders were ignoring the principals behind the controls layers and where they were being placed. 
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An example that is familiar to almost everyone is the modern hotel room. Almost every hotel room in America is air conditioned, has vinyl wall coverings and has a bathroom that is exhausted from rooftop fans. This is a recipe for disaster. The exhaust creates a negative pressure in the room which draws the outside air through the wall and into the room. It is stopped at the vapor barrier which is the vinyl wallcovering. The wallcovering is also cool, due to the air conditioning, causing mold to grow on the backside of the vinyl. (Vinyl doesn’t breathe). Does this look familiar?Now you know why hotel rooms smell like they do. And it’s not just the common hotel room.
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In 2007, at MIT's Stata Center, Lstiburek had observed problems during construction, noting that the building envelope's key control layers (rain, air, vapor and thermal) were in the wrong order, causing the building to soak in its own condensation causing erosion of building materials and mold, as well as causing the building to "smell like dirty socks." That same year, the architect, Frank Gehry, and the contractor, Skanska USA Building Inc., were sued by MIT reaching a settlement in 2010. 
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The most important principle in the Perfect Wall is that the best place for the control layers in on the outside of the structure in order to protect the structure. We generally think of the cladding, the outermost layer that we see, as a control layer, but it really isn’t. The cladding has three functions. It serves as the aesthetic layer, and it protects the controls layers from physical damage and UV exposure. If the cladding “leaks”, that’s a good thing. It’s all the better as a vapor and water release. Behind the cladding, there needs to be an air space, sometimes referred to as the drainage plane. This needs to be at least 3/8” and free of debris to allow rapid dissipation of bulk water. Behind the drainage plane are the control layers – water (rain), air, vapor, and thermal. These layers protect the structure. The layers can be separate but are often achieved with fewer than four components. For instance, a vapor barrier might also be a water barrier and even an air barrier. Certain foam insulations can serve as all four control layers. Whatever the combination might be, the outermost control layer should be the thermal control. This protects the other control layers from the expansions and contractions due to temperature fluctuations.
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This is a section of what might occur in the real world. The cladding in this image is shown as a brick veneer, but it could be anything – stucco, stone, wood, cementitious sidings  such as Hardie® or Nichiha, or metal, or vinyl. The rigid insulation can be extruded or expanded polystyrene, isocyanurate, rock wool or fiberglass. The drainage plane could be applied sheets or sprayed on. The exterior sheathing could be gypsum, plywood, or OSB. Notice that the inside of the wall is gypsum board with some sort of semi-permeable wall finish such as latex paint. Vinyl wall coverings and oil or alkyd paints may produce a non-permeable barrier. Vapor needs to be able to travel in both directions from the air/vapor barrier. This must also be kept in mind when fixtures, such as cabinets and mirrors, are installed inside the residence. Wood may be safely attached directly to the wall, but any impermeable material such as a glass mirror or cabinets constructed with MDF or particle board will need to be installed in such a manner as to allow an air space between the fixture and the wall. 
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The principles of the Perfect Wall have been adopted in an exterior wall detail known as a “rainscreen”, a detail where the siding (wall cladding) stands off from the moisture-resistant surface of an air barrier applied to the sheathing to create a capillary break and to allow drainage and evaporation. The term rainscreen actually refers to the cladding itself, but it has become to describe the system as a whole.
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A Structural Insulated Panels (SIP) is a sandwich structured composite building component, consisting of a core of rigid insulation sandwiched between two layers of structural board. The structural board is usually OSB, however, the board can be plywood, cement, sheet metal, or magnesia.  The insulating core can be expanded or extruded polystyrene, polyisocyanurate, or polyurethane foam. In theory, SIPs share the same structural properties as an I-beam or I-column, with the structural board acting as the flanges and the rigid insulation core acting as a web. As a composite assembly, SIPs incorporate several standard components used in building such as studs, insulation, vapor barrier and air barrier. SIPs can be used as exterior walls, roofs, floors and foundations.The advantages of building with SIPs are numerous. The whole-wall R values are much greater than a conventionally framed and insulated wall of the same R-value insulation, due to the reduction of thermal breaks. For instance, a 2x6 wall framed 24 inches on-center with plywood sheathing, drywall, and 51⁄2-inch batts has a whole-wall R-value of 13.7. The same wall built with 6-inch OSB SIPs has a whole-wall R-value of 21.6, a 58% increase. The panels are built in environmentally controlled facilities which ensures superior quality control. Manufacturers of SIPs claim that field erection of SIP structures is simpler and requires less skilled labor, but that is a dubious claim, since manipulation and connection of large, thick panels presents a new set of challenges, and if panels are not properly connected, air infiltration problems can occur, resulting in future failures of the panels. Connection to foundations and to interior partitions can also be quite complicated. While drywall and carpentry trades enjoy the benefits SIPs provide for their trades, installation of the MEP trades present challenges that conventional construction does not. 
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Roofs, in many ways, are just tilted walls. So, what we learned with the Perfect Wall can easily translate into the Perfect Roof.This keeps the structure inside the insulated space. The problem is that except in the case of cathedral ceilings, most of us don’t build roofs this way. And that’s OK, because when we have ceilings above our rooms and roofs above our ceilings, we create a space called the attic.
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This attic was created using ceiling joists and rafters, but the same applies for attic created using trusses. It is a space that is not usually conditioned. Attics get cold in the winter, and hot in the summer – really hot. On a hot summer day, an attic can reach a temperature of 150-160º F. Don’t store anything that is sensitive to heat in the attic! I used to put my golf clubs in the attic and consequently had to regrip them every spring. I only played golf once a year, so I always played with a new set of grips. And I was still terrible. Which is why I only played once a year. As this photo shows, insulation is placed in the ceiling joists to insulate the living space below from the attic space above. In the summer the hot air will want to move down to the living space, because warm always moves to the cold to try to reach equilibrium. This is true for air, water, or any material. In the winter, the warmer air in the living space will move toward the colder attic space. So, we try to control this phenomenon with insulation.  Temperature control is not the only battle here. There is also the important issue of moisture. Just as moisture was extremely important in foundation and wall design, so it is in roof/attic design as well. Moisture enters roof assemblies and attics several ways. We’re all familiar with roof leaks. It’s the bane of any builder’s existence. But moisture also enters the roof and attic as vapor from outside air and from moisture in the living space migrating through openings in the ceiling, especially in the winter when the warm air in the house is moving toward the colder attic space. The very best way to solve the temperature as well as the moisture problems is by the use of ventilation. When I was in my thirties, the house next door to mine caught fire, which inspired me to become a volunteer fireman. One hot summer afternoon we received a call from an elderly woman who smelled smoke in her home. We surveyed her home and didn’t find anything until we went into her attic. Her home had a hip roof with absolutely no ventilation whatsoever. Her rafters were not burning, but they were smoldering. If you heat wood continually, over a period of time it will become pyrolyzed and its flash point will be lowered. Pyrolyzed wood slowly dries out, breaks down chemically, and can combust at a minimum temperature of 200°F compared to regular wood that burns at around 400-570°F. The temperature of her attic, without ventilation, was in excess of 200º. Our advice to her was to retrofit a ventilation system in her attic. That taught me an important lesson about the need for ventilation.
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Most of us know that we should ventilate our attics, and as a matter of general practice we do. For decades, the standard way to do this was to install gable vents.In the 1980s, we were told that these didn’t work and that what we really needed was a newfangled invention called the ridge vent. 
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The first ones were metal and looked this:They looked awful and they leaked. But the idea seemed like a good one. So, improvements were made. 
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They looked better and they leaked less. 
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The idea was to install soffit vents that would allow the air to flow in from the outside and rise by convection to the highest and therefore the hottest part of the roof which was the ridge and flow out through the ridge vent providing continuous ventilation of the attic space. The added benefit to this ventilation system is that is also works for cathedral ceiling conditions as long as an adequate airspace (2”) is provided above the insulation.The use of some sort of roof vent with soffit vent is important, but a sufficient soffit vent is more important that the roof vent. If the roof vent is too robust, such as a roof vent with a powered fan, it will draw air (and moisture) from the living space into the attic. This would not happen if the ceiling of the living space was completely separated from the attic space by an air barrier, but this almost never happens because the ceiling is always full of holes cause by the penetrations of lighting fixture boxes and cans and HVAC vents.
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We’ve gone from the ground to the roof ridge, but before we leave the attic, I want to ask a question that applies to the general case of traditionalism. 



What’s
Wrong
with this
Picture?

Presenter
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What is wrong with this picture?The system is neatly installed, well organized, and very accessible. So, what’s wrong? Answer: It’s in the attic. I’ve done it, you’ve done it. It’s being done each and every day. As counterintuitive as it may seem, it would be more efficient if all of this was outside. Remember how hot it gets in the attic? And that’s in the summertime when we are running the air conditioning! Did you know that according to the EPA, residential HVAC ducts leak about 20-30%? This is one of those cases that the way we have been doing things for years is just plain wrong. This would all be better off in the crawl space, but even that is not ideal. The best place for all of this equipment and all of the ducts would be inside the space that it is heating and cooling. The system would not have to work nearly so hard and any leakage of the ducts would contribute to the conditioning of the living space rather than cooling or heating the attic.



Question:
Is what I have been doing and 
the way I have been doing it 
the best way I should be doing it 
in the future?
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Presentation Notes
Since this course is not about mechanical systems, we won’t get into solutions to this prevailing condition, but I do hope it will make you ask yourself the important question, “Is what I have been doing and the way I have been doing it the best way I should be doing it in the future?”
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