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Dedication


In memory of Ed Levin, who taught us the love of timber framing
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This book is intended to introduce readers to the concepts of timber framing small buildings similar to those shown. The structural engineering formulas and recommendations are meant to be guidelines only and should not be used as the sole factors in determining appropriate design for all conditions. The author and publisher advise that anyone not trained in structural engineering get professional assistance from a licensed engineer before proceeding with construction and follow all applicable state and local building codes. Take proper safety precautions before using potentially dangerous tools and equipment or undertaking potentially dangerous activities. Be alert and vigilant while operating heavy machinery.










 Foreword by Jack A. Sobon



There are pursuits in life that go beyond providing the necessities for our existence, that elevate us above the workaday world, that captivate our imaginations and give us purpose in life. The craft of timber framing is one of those pursuits. It has all the necessary ingredients: a rich historical background that conjures up visions of medieval halls, ornate temples, and pioneer dwellings; a connection to our mother earth (trees are a renewable resource utilized by humans for thousands of years); and a physical, tangible reward for our toil in the form of structures that last for generations. The gratification found in timber framing goes far beyond that of most crafts. We are surrounded by our creative work as it shelters us, enhancing our lives. And what about durability? Timber-framed buildings can certainly last a lifetime, more often centuries. Long after completion, they stand as a testament to our efforts.


This ancient craft, having served humankind for at least 7,000 years, was threatened by the changes brought on by the Industrial Revolution, and became especially endangered in the mid-twentieth century. Old ways and old things were being replaced by the wonders of the new age. Television, plastics, and space travel occupied the minds of most Americans. Plywood, steel, and concrete defined the building industry. It was an era of overcoming and subduing nature, not working with it. As we embraced and focused on new technologies, we were unfortunately leaving behind much knowledge of the old, traditional ways.


By the late ’60s, many people were realizing that in our haste to modernize, we had given up some wonderful things. In the back-to-the-land movement that swept our country, timber framing figured prominently. It brought us back to nature, got us involved in building our own homes, and taught people to work together again toward a common good. The formation of the Timber Framer’s Guild was a result of that revival. Founded in 1985, it attracted craftsmen and enthusiasts from North America and around the world. Through its outreach, its educational workshops, and its publications, the Guild has fostered the growth of the craft and has assured that timber framing will endure.


Will Beemer has been a leader in the Guild’s efforts, especially in its education programs. As an instructor at his Heartwood School and through the Guild’s Apprentice Training Program, Will has been perfecting his instruction methods for decades. What follows is clear, concise instruction that will enable timber-frame enthusiasts to get started in the craft. By focusing on a small structure, one can easily learn the concepts, from layout to raising.


Welcome to the world of timber framing!







Preface


On a mountaintop in northwestern Connecticut is a collection of 40 or so rustic family camps, little cabins tucked away in the woods by a picturesque lake. Over the years, these families have expanded. As new generations are born and grow up, so grows the need for each group to have its own private space. Kids’ cabins and kitchen huts have popped up, as well as storage spaces for kayaks and other sporting and maintenance equipment. A number of these structures share a common origin. It all began in 1988 when one of the mountain residents took a woodworking class at the Heartwood School in western Massachusetts (see Resources).
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The Heartwood schoolhouse, located in the Berkshire Hills of western Massachusetts, was built from trees on the site by the staff and students in 1978–79. The building houses an office, classroom, greenhouse, woodworking shop, library, and dining area.






Heartwood was founded in 1978 as an “owner-builder” school, teaching the skills needed to build one’s own energy-efficient home. My wife, Michele, and I came to Heartwood as instructors in its third year; when the founders left for other things in 1985, we found ourselves running the show. Over the years, Heartwood has expanded to include timber framing and other woodworking skills, using actual projects as teaching tools. One of these projects is a 12 × 16-foot timber frame.


When our visitor from Connecticut came to Heartwood, he saw one of these classic frames being built. He realized that this type of building could fill his need for a tool shed and shop on his property and shortly thereafter commissioned one to be built by a Heartwood class. After this frame was completed, he ordered another frame that would become a sleeping cabin near the main house. Over the years, we built 10 more cabins for others on the mountain, each with variations to suit: some were a little larger or smaller, some had lofts or overhangs or different roof pitches. Many of the photos in this book showcase the results.


Over 25 timber frames based on this same design have been built by Heartwood for locations as far away as Argentina and California. The timbers are often precut at the school and shipped for assembly on-site. The attraction of this simple, small timber frame stems from its beauty, functionality, adaptability, expandability, ease of construction, and use of local materials. The carpentry skills and tools required are attainable by most people, and the joinery used is largely the same throughout the many variations on the core design. In this book, we will detail the joinery, illustrate the possible variations, show photos of finished projects, and provide practical guidelines for cutting, raising, and enclosing the frame.


It is encouraging that in recent years more and more people are looking for ways to create shelter with their own hands. As the virtual world of television and the Internet become a larger part of people’s lives, the physical world of shelter, food, and nature becomes ever more valued for those who can take the time to appreciate it. The act of making something that has tangible permanence satisfies a basic human need and gives one the opportunity to add personal touches to the design.


These tiny timber frames are excellent first projects for novice builders wanting to start a homestead they can expand. The versatile frames have been built as garden and tool sheds, garages, guest cabins, artist studios, woodworking shops, summer kitchens for large family camps, and additions to larger buildings. The possibilities are limited only by the imagination.
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There is a strong sense of community and satisfaction that comes with hand-raising your own timber frame. It’s an event to be shared with family and friends: you are creating a structure that will last for generations.









Chapter 1




What Is Timber Framing?


Timber framing in much of the world can refer to any framing system using wood components, but in North America we use it to mean solid timber (greater than 5 × 5 inches in section) joined together with traditional wooden joinery. It’s a type of post-and-beam construction — picture the barn raising in the movie Witness.
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A Historic Art


Rather than using small framing members (2×4s, 2×8s, etc.) that are closely spaced and simply butt-joined and nailed together, timber framing uses larger pieces spaced farther apart and mortise-and-tenon joinery held together with wooden pins, or pegs. It is the traditional method of framing brought over by the colonists to the New World and can be found worldwide in areas that had abundant timber before the age of sawmills, drying kilns, and mass-produced nails. The same techniques were used to build Asian temples and great wooden ships. The homebuilders in the colonies were often shipwrights, using basic hand tools and minimal material processing (but great skill) to provide shelter. In much of Europe, where centuries-old wooden buildings are still lovingly preserved and valued, carpenters are trained as timber framers and are highly skilled in the techniques shown in this book.
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In these centuries-old timber frames in Canterbury, Kent, England, the skill of the builder and the wealth of the owner are reflected in the abundance of carefully crafted timber construction exposed on the outside of the building. This craft is highly valued, and the buildings are preserved accordingly.







Timber Framing vs. Stick Framing


In North America in the 1830s, settlers migrating west needed a way to build quickly with unskilled labor. The newly built railroad made it possible to ship smaller-dimensioned lumber to the treeless prairie, and the new technologies of sawmills, drying kilns, and mass-produced nails helped promote a new construction system called stick framing. This system relied on the repetitive use of many small pieces of lumber (2×4s, for example) to overcome the scarcity of skilled labor. Now anyone could build a house — and faster, with a smaller crew. Since the framing was nailed together, one didn’t need the skills of a joiner. Stick framing became firmly established as the predominant method of light construction after the Great Chicago Fire in 1871, when a large part of the city needed to be rebuilt quickly.


Timber framing, however, remains a viable option, even though it requires more skill. The structures, with their large, open floor plans (no load-­bearing interior walls) and exposed timber and joinery, are a joy to make and to live in. If you have a woodlot or access to local sawmills, the materials can be cheaper than buying kiln-dried “sticks” from a lumberyard.


The following chart outlines some of the principal differences between stick framing and timber framing.
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A timber frame (top) is composed of large, widely spaced timbers connected with traditional joinery. A stick frame (bottom) is composed of small pieces of closely spaced lumber held together with nails. The frame of a stick-framed building serves as both the structural assembly and the armature for sheathing, insulation, and finish materials; the timber frame requires different enclosure strategies, such as structural insulated panels.









Differences Between Stick Framing and Timber Framing


*Structural requirements will be considered later, but, simply put, the size of the member (depth and width), the span (length), the species of wood, and the spacing must be suitable for the structural loads (weight) and enclosure methods involved. You can change any of these variables until you find a combination that works, regardless of the framing system used.






[image: ]

Double-tap the image to open to fill the screen. Use the two-finger pinch-out method to zoom in. (These features are available on most e-readers.)











Let’s look at each of these differences more closely:




Size of Pieces


Timbers are defined as members that are 5 inches by 5 inches or greater; lumber is 2 to 4 inches in its smallest cross-sectional dimension, and boards are 1 inch or less in thickness. This is standard lingo; most of us have a fear of looking dumb at the lumberyard or sawmill, so it’s important to have our terminology straight.






Softwood and Hardwood


Softwoods generally shrink and move less than hardwoods. Eastern white pine has one of the lowest shrinkage rates and thus ranks at the top of the list of ideal woods for timber framing. If you choose to use mixed species, then usually it’s best to frame the larger timbers from softwood and smaller ones (braces, joists, wall girts) from hardwoods.







Spacing


Over the last century or so, stick framing developed into a highly modular building system based on the standardization of 4 × 8-foot sheet materials — ­plywood sheathing on the exterior and drywall panels on the interior. Spacing the wall studs and other framing members at 16 or 24 inches on center (measured from the center of one member to the center of the next), ensures equal support for the edges of the panels.


By contrast, traditional timber-­frame structures used long, solid-wood planks for flooring and sheathing, and the spacing of the framing was not dictated by the size of the planks, allowing for broad spans between supporting members.


While our timber frame design could be built with lumber, we choose timber mainly because of the aesthetic qualities of the exposed framing and joinery. The insulation and sheathing will wrap outside of the frame rather than bury the frame within the walls and roof.




Species (and sourcing materials)



Most framing material at the lumberyard is softwood — ­typically spruce, pine, or fir — that has been distributed through a worldwide commodities network and may come from trees halfway around the world. It has been graded, dried, and planed to produce a consistent product that can be used in mass-­produced buildings. Due to the drying, shipping, and storing required, the energy footprint of store-bought lumber is much greater than that of locally milled materials.


Timbers can be of any species and come from your own property, provided they are structurally sound. They can come from a nearby sawmill (of which we have plenty in New England) and thus support the local economy. You can also buy a chainsaw mill or portable bandsaw mill and cut the timber (and lumber and boards) yourself. Hardwoods and softwoods have different characteristics and advantages that will be discussed in the next section. Our timber frame is designed to use eastern white pine (Pinus strobus), though other species can be substituted (see Species of Wood).




Moisture Content


Freshly cut trees contain a lot of water, and as the wood dries it changes shape, as evidenced by shrinkage, cracking, and perhaps warping. Since store-bought lumber used for stick framing is kiln-dried and then planed, most of these changes have been shaved away. In the rush to get product to market, however, rapidly grown plantation trees are dried minimally and may still move a bit after construction. Softwood lumber is easy to nail into after drying, which is one reason it’s used for framing; hardwoods, although perhaps stronger, are generally much harder and heavier.


Timbers milled locally and recently will be green, so for timber framing it’s best to cut the joinery and get the frame erected, then let all the movement take place once the frame is locked together. It’s easier to cut joinery in green wood, especially if it is hardwood and you are using hand tools. For wood to air-dry, it takes about a year per inch of thickness, and kiln-drying large pieces is impractical. (There are a couple of radio-frequency, or microwave, kilns in North America that can do the job, but this technique is expensive and works only with certain species.) Using reclaimed timber from old buildings is another strategy for getting “preshrunk” stable timber, but it may need to be re-milled, with a careful eye for hidden embedded metal.




Connections


Stick framing evolved in part thanks to the mass production of wire nails. With the multiple redundant pieces used in stick framing, nails were more than sufficient to hold the building together.


Timbers, on the other hand, are too large to nail together, and there are fewer of them, so the joinery connecting them is much more critical. This joinery is usually designed to connect the end of one timber into the side or end of another and often consists of variations of the basic mortise-and-tenon joint.






The Through Mortise and Tenon
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This simple tying joint, in its most basic form, handles moderate loads. It has been used in countless buildings over thousands of years the world over.








Bracing for Lateral Loads


Stick framing usually relies on structural sheathing — plywood or oriented strandboard (OSB) sheets — nailed to the framing every 6 inches or so to provide stiffness and resistance to racking forces from wind and perhaps earthquakes. These sideways forces are known as lateral loads.


Timber framing does not have a stud or rafter every 16 or 24 inches to carry these sheet materials. Instead, diagonal braces provide rigidity, usually running at 45 degrees between a post and a beam, forming the hypotenuse of a right triangle. Shear walls (explained later) may also be required by some building codes in areas with high lateral load potential from seismic or hurricane events.
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The timbers can literally “frame” the rooms they create. They also provide shelves for displaying items and pegs for hanging your hats.






Enclosure


With stick framing, the regular spacing of framing members provides bays of equal width to accept standardized batts of insulation, as well as support for exterior sheathing that in turn carries siding and roofing. These same framing members are then covered up on the inside with gypsum drywall or other materials (after wiring and plumbing runs are installed), so the frame is completely concealed.


For timber frames to be enclosed in the same manner, a redundant stick-framed system would need to be built outside of the timber frame (if you want to see the timbers exposed on the interior). Because the timber frame is carrying the loads, however, this light frame, or curtain wall, would not need all the components (such as headers) that a structural stick-framed system would have. This external light frame is common, but the popularity of timber framing really exploded with the advent of the structural insulated panel, or SIP. These panels are made of rigid foam insulation sandwiched between layers of plywood or OSB and can be built to span areas as great as 8 × 24 feet. They are attached to the outside of timbers with long screws. SIPs have made it unnecessary to build another light frame outside of the timber frame.




Skills Required


Both stick framing and timber framing require carpentry skills such as reading plans and a tape measure and being able to cut a straight line with a saw. A stick framer, though, is usually working with standardized materials of uniform dimensions and following established patterns and methods for assembly. This is why there are rarely stick framing plans included with a set of construction drawings; once the carpenter knows the dimensions of the building and locations of doors, windows, and interior walls, he or she can frame the building using the chosen on-center spacing.


Timber framing, however, requires more of the skills of a woodworker. Wood as it comes out of the sawmill is green and somewhat irregular. Designing, locating, cutting, and assembling joinery in such material must still result in a structure that stands plumb, level, and square. This requires patience, attention, understanding, and specialized skills, including the ability to visualize the finished structure while the raw timber is sitting on the sawhorses. Since the timbers and joinery will usually remain exposed, greater care must be taken since errors won’t be covered up. A job well done, however, results in that much greater satisfaction.




Tools Required


Stick building may only require a saw, square, hammer, tape measure, chalk line, level, and pencil. Power tools and pneumatic nailers make the job go faster, but not necessarily better.


Timber framing requires additional tools, mainly to execute the joinery. Timbers are large and heavy and may require a cart or many hands to be moved. Because of irregularities, framing squares and combination squares are useful for keeping joinery true to reference planes in the building. Tenons can be cut with saws or even with an axe, but mortises are generally harder to cut. They require a boring tool, such as a drill with large bit, an antique boring machine (beam drill), or modern electric chain mortiser. Mallets and timber framing chisels are the primary hand tools for cutting, and even finishing, joints that have been roughly cut with power tools. Mallets may be used for driving pins as well, with heavier versions called commanders (also beetles or persuaders) used to drive timber assemblies together.
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While some timber framing tools will require a significant financial investment, others, such as commanders and mallets, can be made from materials at hand.






Construction Process


Most stick-built houses (excepting manufactured kits) are still cut and assembled on-site, with floors built on foundations that will serve as the platforms for ever-higher walls and, finally, the roof. Weather, access, and distance from the builder’s home can affect the speed at which the project is completed.


Timber framing is, in a sense, a kit or “pre-manufactured” structure. You can cut the frame in a barn, shop, or garage away from the site, protected from the weather, and close to home. Then you take the pieces of the frame to the site and erect it in a matter of hours. You need an area to store the timbers (covered, ideally) and to work them, and then a truck or trailer to transport them to the site. Of course, if the woodlot sourcing the timber is the same as your building site, it would make sense to work them there.


Both stick-framed walls and timber-framed bents are typically assembled flat on the deck and then are tilted up into place. Since timbers are heavier, you usually need more people to raise a timber assembly, or even to install individual rafters. Cranes, forklifts, or other mechanized equipment are used on big jobs.




Cost


In terms of the amount of framing material used, similar-sized structures usually use the same volume of wood whether they are stick-built or timber-framed. Wood volume is measured in board feet; one board foot (bf) is the volume of a board 12 inches by 12 inches by 1 inch thick. If you are comparing lumberyard framing materials at $1/bf to local sawmill timbers at $0.75/bf, it’s cheaper to do timber framing. Buying timbers from across the country, however, would end up being more expensive. If you’re paying for labor, timber framing is usually more expensive because of the skill involved. But if you’re doing the work yourself, labor cost is not a factor. However, it will usually take longer to build a timber frame (though you’ll have that pride of accomplishment).


Other factors affecting cost are the enclosure and insulation system and the level of finish. Often people who have a nice timber frame upgrade the rest of the systems to match. Using local sawmill lumber and boards for sheathing, siding, paneling, cabinets, and flooring can produce significant savings. Finally, timber frames have a lower life-cycle cost: the frame lasts longer (sometimes hundreds of years), since it is protected inside an insulated envelope and is often well-maintained.


All in all, if you’re providing your own labor and buying local materials, a timber frame can cost less than a stick-built structure you build yourself with lumberyard materials. The timber frame built with local materials is also environmentally friendly and has a strength and beauty valued by its owner. Of course, if all you want is an uninsulated storage hut in the garden and plan to pay for labor, it’s pretty hard to beat the cost of a stick-built prefab shed from a big-box store. But that’s not why you picked up this book.





Chapter 2




Getting Started


For millennia, people have timber framed without the benefit of building codes or standardized materials. It’s only in the last century or so that the building “industry” has become so prescriptive that a narrow set of ­guidelines — recipes, if you will — usually dictates how to build a house. For those who wish to build with traditional methods, such as timber framing with local materials, a more thorough understanding of the materials and techniques of the craft is necessary. The species, sizes, and shapes of the building materials are guided by the builder’s vision and often go beyond what is specified by the building code.
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Using Ungraded Native Timber


The timber frame in this book assumes the use of “native” timber, from trees locally harvested and sawn (or hand-hewn) to size either on-site or at a nearby sawmill. Actually, it’s unlikely you could even find timbers at a conventional lumberyard; the largest timber usually stocked is a 6×6 or 6×8, and our timber frame uses 7×7s to 7×10s or larger. We also recommend using timber that is green and ungraded. As mentioned in chapter 1, using green timber is less a problem if you use a species with low shrinkage rates and get the frame up quickly. You generally don’t want to mill timbers from logs and then let them sit for years to air-dry; they may twist enough to require re-milling. If you have to wait, it would be better to peel the logs (to keep out bugs) and then mill the timbers square later, just before cutting joinery and raising.


The frame can also be designed (as ours has) to minimize the effects of shrinkage. Since wood shrinks much less lengthwise than across its width, posts should run as long as possible — from sills to plates (the whole height of the ­building) — with intermediate beams joining into them. Compare this to platform framing (the standard design of stick-frame houses), in which a beam sits on a short post with another post sitting on top of it to continue upward. When this beam shrinks across its width, thus shortening the vertical height of the beam, the entire building drops a bit. Conversely, if the beam joins into a continuous post, the beam can shrink but the post will stay the same length.






Start Small


The frames shown in this book are small enough to give you a useful but manageable first project for learning timber framing. It’s easy to underestimate the amount of time it takes to complete a building project: the frame is just the beginning, then it must be enclosed and finished. We always advise owner-­builders to build small and add on later, and the frames shown here have that adaptability. With the skills you’ll learn — and an adaptable design — you’ll probably find yourself adding on with the help of your kids and grandkids down the line.







Building Codes


Using ungraded timber is an issue that brings us to building inspectors and codes. The building code is a set of prescriptive minimum requirements, enforced by the local building authority, to ensure the safety and performance of buildings. The building authority usually is the city or municipal building department, and code compliance is assessed and verified by a building inspector. While most building codes are modeled after state or regional codes, such as the widely used International Residential Code (IRC), the local building code is the final word on what is allowed in its jurisdiction. Specific code requirements can vary by city, county, or state.


For wood-frame construction of houses, most codes only cover conventional stick framing, not timber framing, which continues to be a small, specialized part of the construction world. For stick framing, the code includes tables that show the allowable spans for graded lumber. The stamp you’ll find on every piece of lumber in the lumberyard indicates its strength as determined by an inspector when it came out of the mill. That grade, such as Select Structural, No. 1, or No. 2, tells the builder what line to go to in the table to see what span and load that piece can carry. These tables only cover lumber, not timbers.


Timbers from your own woodlot or a local sawmill will not be graded, since graders usually work only at large mills that mass-produce framing lumber. While the IRC doesn’t have a clause about using native (ungraded) lumber, many states that have a significant timber resource have their own amendments that allow the use of it for structural purposes in one- and two-family dwellings. It is up to the building designer to make sure the timber used is the proper size for the conditions, and it’s up to the sawyer and builder to make sure the timber is of adequate quality (no rot, large knots, or other defects). Much of this is based on experience: designers have formulas to size timbers in lieu of the code tables, and good sawyers will know, if told what the timber is for, how to select the proper quality of logs.


Following the IRC, most state and local codes don’t require a building permit for one-story storage and accessory buildings under a certain size. In some areas the maximum footprint is 120 square feet or less, but in many others it is 200 square feet (our standard 12 × 16-foot frame is 192 square feet). So if no permit is required, the building inspector may not even be involved in your project to enforce the code, although you should still follow the code where applicable. And be aware that other features of your project may trigger permit requirements, such as the addition of plumbing, the type of foundation, siting, etc. Any plans to live in a building — classifying it as habitable — will almost surely get the attention of the building department and require a permit.


Local zoning may not even allow accessory or detached buildings, no matter what size. While building codes dictate the materials and methods to make the building safe and perform well, zoning specifies what the allowed uses of a building may be, and stipulate minimum requirements such as lot size, road frontage, and perhaps even orientation and appearance.


The building department can be your best friend or your worst enemy. Get to know the folks there and find out what you can do by showing them the design of the project and explaining that you want to timber frame it using native material. At best, they may tell you to go ahead and no permit is required. At worst, they may require you to hire a structural engineer to review and stamp the plans, and perhaps require that you get the timber graded. You could buy your timber from mills that grade timber (few and far between). Alternatively, you can hire a grader to come and grade the timber on your site.
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