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Appendix B – Wood Frame Building Construction

Preface:  You will be constructing modular housing that will be provided to families currently living in substandard housing and transported to a distant location.  The Wood Frame Construction Activity is broken down into three work days per flight during the entire FERL period.  You will construct a complete wooden framed building.  During these three days, you will see and experience what it takes to accomplish the framing, sheathing, and roofing; install electrical wiring, doors and windows, and plumbing; hang drywall; mud and tape; and install various exterior and interior finishes.  These tasks should help you to gain an appreciation for the various options available when constructing a building.  To accomplish this overall task, the work has been broken down into three days.  Each day will be structured so that you are working towards an educational goal and not a construction (production-based) goal.  However, we want you to strive to achieve the day’s construction goal also.  There will be a short instructional period before each sub-tasking that will include a safety briefing on the tasking and tools required to complete the tasking along with the proper construction procedures for this tasking.  Now that you hopefully understand the big picture of the Wood Frame activities, you can read and understand each daily tasking and learning objective.  We look forward to you arriving enthusiastic and prepared each day!

1.
Task 

Given engineering blueprints, you will construct a wood frame building.  Specific operations include framing, sheathing, truss erection, roofing and installing doors and windows.  You will accomplish the above tasks using safe and proper construction techniques.

2.
Purpose
This activity will provide experiences that will reinforce or introduce concepts used in courses ranging from Structural Analysis to Construction Management Practices.

3.
Learning Objectives
a)
Understand that light frame building construction is an engineering process:

· Requirements ( Planning ( Programming ( Design ( Construction.

· Construction phase includes project management, sequencing activities, developing material take offs, actual construction, and final project completion to include all documents related to a project.

b)
Integrate construction with classroom experience.

· Understand typical light frame construction design. (CE372, CE464) i.e. 2” x 4” @ 16” O.C.

· Understand the characteristics and requirements of typical construction materials. (CE372, CE464) i.e. sheathing, lumber, joists.....

· Understand construction sequencing (CE480, CE485) i.e. site prep before foundation, placing the foundation before floor and walls, walls before sheathing and roof trusses....

· Understand elements and role of project/construction management (CE480, CE485, CE464, CE215) i.e. quality control, safety, reading and using blueprints.

c)
Describe the capabilities and limitations of tools and equipment

· i.e.  skill saw, table saw, hammer, framing square, ...

d)
Describe safe construction practices.
· Tool use, equipment use, work site awareness and cleanliness, safe methods (don’t step too high on ladder, etc.)

e)
Be familiar with and know key concepts included in the supplemental Wood Frame text.

4.  Roles and Responsibilities
a)
Cadet Flight Commander:

· Read the supplemental readings and study the blueprints to prepare for the activity.  Ask any questions you may have of the mentors or task director.

· Orchestrate and direct cadet work elements to accomplish the specific tasks for this activity.

· Ensure strict adherence to safety practices presented during safety briefs.

· Ensure cadet work elements perform tasks according to plans and specifications to maintain a uniform and satisfactory level of quality.

· Serve as a liaison between cadet work elements and the FERL administration to resolve requests for information and ensure adequate materials are present on site to perform the functions you are tasked with.

· Bottom Line:  You are running the work site for your flight; the Activity OIC, Mentors, and your flight members will look to you for the leadership and guidance for the completion of the tasks so arrive prepared!!!

b)
Cadets:

· Arrive prepared with an enthusiastic attitude and ready to work/learn.

· Look to your Flight Commander for leadership and guidance for the work tasks but be prepared to assume a leadership role for a cadet work element.

· Review the text in the supplemental reading section.

5.
Assignments and Assessments
There are three opportunities and 200 available points to prove your wood frame knowledge and earn a perfect score.  Each assessment will be administered at the end of your Wood Frame Activity days.  On days 1 & 2, you will be given a 50 point quiz.  At the end of day three, you will be given a 100 point test that comprehensively covers all three days.  Both quizzes will have ten multiple choice questions worth four points each and one essay worth ten points.  The test on the final activity day will be twice as large as the quizzes and have 20 questions worth four points each and two essay questions worth ten points each.  All assessments will be graded by the Wood Frame OIC and any questions or concerns should be forwarded through your chain of command to the Wood Frame OIC for clarification.  
6.
Safety
Work performed during this stage of construction requires the use of hand tools (i.e. hammers, skill saws, hand saws, and table saws), carrying lumber of different sizes, and working overhead.  Hard hats, steel-toed boots and eye protection must be worn at all times!  Gloves should be worn at all times unless a tasking requires more sensitivity or control (i.e. using small nails or small items).

Proper use of hand tools and power equipment is essential.  When hammering, maintain control of the hammer, paying particular attention to the object you are hammering as well as what is within your range of swing.  Ensure positive control over electric tools as well as the path of the power source -- do not leave tools in the way of high traffic areas.  Do not throw (or shoot) objects at anyone or anything.  Due to the potential for flying debris, eye protection is required at all times as stated above.  When handling lumber be aware of what is in the path when you swing around or move each piece.  When using the power tools use the proper technique and talk to the person helping you to ensure they know when you are cutting.  Be sure to talk and communicate when you are about to do something that may potentially cause a safety hazard.  If you think something looks unsafe then it probably is; SO DO SOMETHING ABOUT IT!!! 

7.
Equipment List
· You must have, and properly use, a hard-hat, steel toed boots, eye protection, and gloves

· Hearing protection must be worn when operating power tools

· Hand Tools (hammers, saws, construction pencils, framing squares, tape measures)

· Power Tools (skill saws and saw horses, table saw)

· Extension cords

8.
Text
Wood Frame Activity Schedule

(Day 1)

Frame the floor and floor joists

Install sub-floor plumbing


Install insulation and chicken wire


Deck out the floor

(Day 2)


Complete laying down the floor boards


Complete about 75% of exterior wall frames


Continue installing sub-floor plumbing

(Day 3)


Construct exterior walls

Install boxes, start roughing in wiring, and wiring through studs


Put up headers


Install plumbing in exterior walls

(Day 4)


Continue electrical work (wiring)

Begin putting roof up by placing and shaving all trusses

(Day 5)


Construct trusses


Plumbing


Construct support for trusses


Continue rough in electrical work (wiring, circuit breakers, wall switches)


Install tub/shower

(Day 6)


Trim the roof 


Deck out the roof


Start with tar paper


Ensure plumbing meets code
Install electrical wiring, meter panel & service mast (before roof shingles), rough in BR exhaust vent

(Day 7)


Complete roof boarding


Begin shingling 


Complete all remaining rough in wiring


Perform various plumbing tasks for rough-ins and repaired leak


Start to install bathroom appliances


Start to put up siding 

(Day 8)


Finish roughing in plumbing


External irrigation


Finish shingling the roof


Continue putting up siding


Electrical work (main box and ground) while continuing rough in work

(Day 9)


Put up dry wall


Insulation


Siding


Make necessary electrical switch leg connections

(Day 10)


Roof shingling


Dry wall / sheet rock


Floor installation

(Day 11)

Put up drywall

Mud and tape

Paint exterior walls

Put up soffit

(Day 12)


Continue drywall insulation


Spackle/mud drywall


Begin applying exterior primer


Begin initial paint coat


Finish installing windows

Trim out plumbing in bathroom


(Day 13)


Begin applying interior primer


Continue applying exterior paint


Spackle/mud drywall


Sand drywall


Place floor tiles

(Day 14)

Final electrical device installation (only where final paint has been applied), tape where paint is incomplete


Finish painting exterior and continue painting interior


Continue placing floor tiles


Begin to set in cabinet-work


Begin to varnish interior trim

(Day 15)


Check all electrical to ensure operational, temporary connect to power source and check all devices


Continue and finish painting interior


Continue working on the floor tiles 


Varnish doors and remaining trim


Place medicine cabinets


Continue to place cabinets

WOOD FRAME SUPPLEMENTAL INFORMATION

Advantages and Disadvantages of wood as a construction material:


Advantages








Disadvantages

Renewable








Not homogeneous - considerable variation


Easy to work with








among species and within species


Can be nailed or bolted





Allowable stresses must compensate for 


Aesthetics - beautiful







irregularities of grain: knots, checks, wanes, etc.


Available - cheap






Vulnerable to fungal attack


Large timbers are fireproof (char)


Vulnerable to moisture - shrink, swell


Plywood, glulam are manufactured


Vulnerable to UV radiation

composites







Nominal vs. True Dimensions:


  Nominal:  2 x 4, 2 x 12, 4 x 4, 6 x 6



Less than 1", plane off ¼”


2" and larger, plane off ½”

  True Dimensions:  2 x 4 = 1 ½” x 3 ½”






1 x 4 = ¾” x 3 ½”






2 x 12 = 1 ½” x 11 ½”

  Timber codes take true dimensions into consideration.

Calculating timber quantities: 


  Board foot is a volume.  

1 BF = 12 in (w) x 1 in (t) x 1 ft long = 12 in2 ft


  Volume = nominal dimensions in inches2 divided by 12 in2ft times total length.




             W(in) x t(in)




BF  = _____________ x Total Length (ft) = unit less



                12 in2 ft

[image: image7.jpg]




  Example, 1 ea.    2 x 8 x 16'


Example, 106 ea. of 2 x 4 x 8'


    2 = t   8 = w   16 = total length 


2 = t    4 = w     8 = total length


    BF = 8 x 2 x 16 = 21.3 FBM


BF = 106 (4 x 2) x 8 = 565.3 FBM of 2 x 4 x 8'



   12




    



     12


    FBM = Feet Board Measure



	Excerpts from
How House Construction Works 
http://www.howstuffworks.com/house.htm/printable

	by Marshall Brain
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Steps to Building a House: 
       One of the amazing things about American homes is that the huge majority of them are built using completely standardized building practices. One reason for this consistency is a set of uniform building codes that apply across the country. Another reason is cost -- the techniques used to build homes produce reliable housing quickly at a low cost (relatively speaking). 

When building your Hogan at FERL, you will find that it goes through the following steps:
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In an operational Air Force contract, many of the steps to the left are usually performed by independent teams known as “subcontractors.” For example, the framing is generally done by one subcontractor specializing in framing, while the roofing is done by a completely different subcontractor specializing in roofing. Each subcontractor is an independent business. All of the subcontractors are coordinated by a contractor who oversees the job and is responsible for completing the house on time and on budget.  All the flights at FERL will act as the entire spectrum of subcontractors. 

We will walk through these different stages so that you can see what is involved, understand all the steps and learn about the different materials used in the construction process. We will use a typical three-bedroom home as our example. 

Site Preparation
       The first crew on the site handles site preparation. Often, this crew and the foundation crew are the same people, but sometimes are not (especially if there are a lot of trees on the lot).  Houses are generally built on a foundation that is a basement, a crawl space or a slab. The site-preparation crew typically arrives on the site with a backhoe and/or bulldozer. The crew's job is to clear the site of any trees, rocks and debris, level the site if necessary and dig as necessary for the foundation being built.  Since you are building a pre-fab house, you are not concerned with site prep.
Foundation
       Slabs, basements and crawl spaces are the three main foundation systems used on houses. In wet and coastal areas, it is sometimes common to put houses up on posts as well. 

Slab
       The slab is probably the easiest foundation to build. It is a flat concrete pad poured directly on the ground. It takes very little site preparation, very little formwork for the concrete and very little labor to create. It works well on level sites in warmer climates -- it has problems in cold climates because the ground freezes in the winter and this freezing can lead to cold floors in the winter, or worse, shift the slab. A cross-section of a typical slab looks like the picture below.
[image: image10.jpg]


Around the edge of the slab, the concrete forms a beam that is perhaps 2 feet deep. The rest of the slab is 4 or 6 inches thick. A 4- or 6-inch layer of gravel lies beneath the slab. A 4-millimeter sheet of plastic lies between the concrete and the gravel to keep moisture out. Embedded in the concrete is 6-inch by 6-inch wire mesh (shown by the dotted line in the slab) and steel reinforcing bars (shown by the white circles at the bottom of the beams). You will often hear this sort of foundation referred to as a "floating slab" -- it "floats" on the soil, with the deeper concrete around the edge holding it in place. In colder climates, the concrete around the edge has to extend deep enough to remain below the frost line in winter. 

One thing about a slab is that the sewer pipe, and sometimes much of the electrical conduit, has to be put in place before the concrete is poured. The sewer pipes are actually embedded in the slab. 

[image: image11.jpg]


Floor
       The framing crew is the next group of people on the site. They start by building the floor (unless the house uses a slab foundation, in which case the slab is the floor). The floor framing looks like this. 
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The floor starts with a sill-plate made of pressure-treated lumber in direct contact with the bricks of the crawl space wall. One interesting thing to note is that this house literally "sits" on the foundation -- it is not held on or bolted on in any way. Then the floor is constructed on the sill with 2x10 lumber: 

You may have noticed the brick posts when you saw the picture of the foundation. They hold a beam that runs down the center of the house. The beam is also built from 2x10 lumber (three pieces thick).
[image: image14.jpg]


All of the "joists" (as the 2x10s in the floor are called) meet on this center beam.
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(In many houses the meeting of the joists is somewhat better organized!)
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Once the floor framing is complete, it is covered with 1/2-inch or 5/8-inch plywood or OSB (oriented strand board).  And the floor is finished!

Walls
       The framing crew next starts on the walls. Walls are assembled on the floor...
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...and then raised into place. Here's what the first wall looks like once it is up.
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You can see that this wall is made of 2x4 lumber and covered on the outside with an OSB sheathing. Using plywood or OSB as the sheathing gives the wall rigidity -- you may have seen diagonal pieces used at the corners of older homes (homes built before plywood was widely available). The plywood does the same thing, but it provides much more strength. The 2x4s are placed on "16-inch centers," meaning that the center of one 2x4 is 16 inches away from the center of the next. In this wall, two things interrupt the consistent 16-inch pattern: windows & special framing that will accommodate internal walls once they are built.
Here's a shot that shows these two features in better detail.
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The plywood will be cut out of the window openings as construction proceeds. Above the window is a 2x10 header, which is actually two 2x10s with a piece of 1/2-inch-thick plywood sandwiched in between and a 2x4 along the bottom: 
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A cross section of a header is shown at the right. The reason why the header has plywood in the middle is simply to make the header as wide as the rest of the wall. As stated earlier, a 2x4 is really 1-1/2 inches by 3-1/2 inches, and a 2x10 is really 1-1/2 inches by 9-1/2 inches. When you sandwich two 2x10s together they are only 3 inches wide. Adding the piece of plywood in between makes the sandwich 3-1/2 inches wide. 
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A 2x10 header is a beam. You see these headers over all windows and doors -- they give the wall enough strength over the window or door to support the roof. When a header spans more than 5 feet, you find double full-length studs on either side of the header instead of the single studs seen here. 

All of the exterior walls go up following this same basic pattern. In the corners, the top plate on one wall overlaps the top plate of the next, and the walls are nailed together to bind the corner. Then the interior walls go up, fitting into the top plates of the exterior walls as shown above. 
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This house has a garage and a breezeway connecting the garage to the house. 

The walls of the garage are built slightly differently (because the garage will have a slab floor). The walls are bolted directly to the brick foundation walls.
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Here's how the house looks right before the roof framing starts. 

You can see that the framers have covered the outside walls in house wrap. 

Roof
       This house uses trusses for the roof framing. Trusses are pre-fabricated, triangulated wooden structures used to support the roof. The alternative is to build up the roof's frame with 2x8s and 2x10s. Trusses are quite common these days because they have five big advantages from the builder's standpoint.
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· Trusses are incredibly strong. 

· Because they are built strictly from shorter lengths of 2x4 lumber, they are generally a lot less expensive than the alternative. 

· You can have just about any shape custom-built, and this allows interesting features like cathedral ceilings at low cost. 

· You can span a large distance with a truss and the truss transmits all of the weight to the exterior walls. Therefore, none of the interior walls are "load-bearing," so they can go anywhere and are easily moved later. 

· Trusses go up quickly! 

From the homeowner's standpoint, the one big disadvantage is that you don't have any attic space. 

Trusses come in several standard configurations.
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"W" truss 
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"M" truss 
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"Scissors" truss 
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"Gable" truss 


Gable trusses are used at the ends of the roof (the outermost trusses on either end). The vertical pieces are 16 inches on center so that siding can be nailed on. Our sample house uses a custom truss in the main part of the house that looks like this: 
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The left-hand side will provide a cathedral ceiling over the living room. Scissors trusses are used for the front room, and M trusses are used over the garage. Gable trusses are used at the ends of the three rooflines. 

The trusses are first stacked on top of the walls, either by hand or with a crane. 
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These trusses went up in about four hours. They are on 24-inch centers. 
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The trusses are tied to the walls with small metal plates. 

Once the trusses are up, the roof is covered in plywood or OSB, which gives the roof tremendous rigidity. 
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There are two small custom roofs in this house: the roof over the porch (see next section) and the roof over the breezeway. 

Roof framing without trusses is actually fairly complicated. The angles found in anything but the simplest roof become intricate. A book like Do It Yourself Housebuilding by George Nash goes into roof framing in incredible detail. 

Windows and Doors
Inside the house, things are now beginning to look enclosed.
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The next step in enclosure is windows and doors. The windows and doors arrive in one shipment and are unloaded from the truck into a stack.
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Plastic stripping is stapled to the inside of all window and door openings, like this.
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The windows used here are standard vinyl windows. They are placed in each rough opening and stapled in place on the outside. 

The front-most window is the feature window of this house. 
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Roofing

This house uses standard asphalt shingles for the roof. The first step is to cover the roof with building paper (tar paper).
[image: image39.jpg]£




The shingles then go on very quickly (on this house, in less than a day).
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In the following shot you can barely detect the ridge vent that runs along the peak of the breezeway roof. There is a vent like this along the peak of all the roofs. 
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This vent replaces the triangular "gable-end vents" found in older homes. Ridge vents give better circulation (especially when cathedral ceilings are used) and also prevent bats and squirrels from getting into the attic. 

In the following shot, you can see the aluminum flashing that keeps water away from the walls at the points where the shingles touch the walls, as well as at window openings.
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At the edge of the roof, the shingles are cut off with about 2 inches of overhang.
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Siding

This house uses standard vinyl siding. The siding is made from thin, flexible sheets of plastic about 2 millimeters thick, pre-colored and bent into shape during manufacturing. The sheets are 12 feet long and about a foot high. You start at the bottom and the sheets interlock into each other as you go up. 

Because vinyl expands and contracts due to temperature and sunlight, it fits into deep channels at the corners and around windows and doors. The channels are deep enough that as the siding contracts it remains within the channel. The following shot shows a channel nailed to a corner of the house and a piece of siding fitting into it. It is nailed in place and ready for the next sheet to be interlocked and installed above it. 
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This is the back wall of the house, showing the scaffolding used to install the siding.
This shot shows roofline detail. The area extending from the house under the roof is known as the soffit (parallel to the roof). The fascia boards are perpendicular to the roof. The soffit is perforated so that air can flow into the attic and up through the ridge vents to ventilate the attic. In this shot, part of the soffit is in place, while part is awaiting installation. Note that all exposed fascia wood is capped with a sheet of painted aluminum that was bent into shape on the site.
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At this point, the house is "dried in," meaning that it is completely protected from rain. Now interior work can begin. 

Plumbing
Let's say you want to put a toilet in a house. Two-hundred or 300 years ago this was not an option -- everyone used outhouses. If you visit the governor's mansion in Williamsburg, VA, you will see that in the 1700s even England's high colonial governor used a pair of three-holer outhouses located at the back of the formal garden. Eventually, public water supplies and pressurized well systems allowed people to have indoor plumbing, and this allowed for the addition of indoor toilets. A toilet has to flush somewhere, so sewer systems evolved. 

Why can't you run the sewer line from a toilet or a sink out of the side of the house so it spills on the ground? That certainly would be easy and inexpensive, but people learned fairly quickly that human waste spilled on the ground smells bad and leads to incredible disease problems. Septic tanks and sewer systems take care of this. The uniform plumbing code lists hundreds of rules for septic-tank installation. These rules ensure that tanks work properly over many years. 

Once you have a septic tank in place, you can add sewer lines from the sink or toilet to the septic tank. Say you tried this approach: 
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The problem with this approach is that as the septic tank fills up with stuff, it produces a rather malodorous cloud of fumes. These fumes float from the septic tank up the sewer line to the sink and into the bathroom. Therefore, plumbing codes require a "P-trap" at every drain opening, as shown here:
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You may have wondered why you find these funny loops of pipe under every sink in your house. The idea is that water gets trapped in the "P." This water blocks the fumes from the septic tank and keeps them from entering the bathroom. Unfortunately, a P-trap alone does not solve the problem because it turns out that the fumes in a septic tank are under pressure. The fumes simply bubble through the water in the trap and cause the same problem. Therefore, there is the concept of a vent pipe, which allows the pressure to escape, as shown here: 

You may have wondered why houses have pipes sticking up out of the roof. They are vent pipes to relieve the pressure so that P-traps can do their jobs. It turns out that vents also break vacuums so water flows down the pipes faster. 
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Besides covering P-traps and vent pipes, the uniform plumbing code specifies all sorts of other things: 

· The required diameters for pipes 

· The allowed materials for pipes 

· The types of joints you can use 

· The necessary supports for pipes 

· The angle at which pipes must fall 

· The longest distance for lateral pipes 

· And on and on and on through hundreds of pages 

When plumbers follow all the rules, they are able to create extremely reliable and safe plumbing systems. Over time, new rules get added as people realize funny little quirks and nuances. These new rules prevent problems in the future, and each one makes the code a little bigger and better. 

This is all a nice way to say that, even though plumbing looks simple in this section, there are many subtleties and nuances dictated by code that plumbers know and neophytes generally do not. (The same holds true for electrical systems, by the way.) 

Rough Plumbing
Rough plumbing involves installing all of the water lines, sewer lines and bathtubs. Tubs are normally installed early because: 

· One-piece shower-and-tub units are big and often cannot be maneuvered into place later in the construction cycle. They also frequently "change size" -- that is, the size drawn on the plans and the size delivered often differ significantly. 

· A full tub is heavy. Therefore, the tub is installed and filled so that the frame can settle quickly. This step prevents cracked walls and tile the first time someone uses the tub. 

Typically, rough plumbing involves installing all sewer lines and vents as well as all water supply lines for each fixture. Here's a typical sink fixture.
[image: image50.jpg]



Here's the fixture for a washer.
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The tub is put in place and filled. Note the framing problem being corrected on the left side of the tub because the tub changed size.
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Here are the lines for the tub.
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In the crawl space, the supply lines all branch off from common pipes running the length of the house. 
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The sewer lines all join together... 
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... and then exit out the back of the house, ready for connection to the septic tank.
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Rough Electrical
The article How Power Distribution Grids Work goes into extensive detail on how power gets from the power plant to your house. The purpose of the electrical system in a house is to distribute the power safely to all of the different rooms and appliances. 

The electrician for this house first placed all of the boxes for electrical outlets, lights and switches. 

Then he ran wires from the fuse box to each box and between boxes. Here's what the fuse box looked like once he got done. 
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Wires were first run through to the boxes. A lot of drilling is necessary, both down into the crawl space and up into the ceiling, as well as through studs to run wires between boxes.
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Wires are then pulled through the boxes, clipped and capped.
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This shot shows the water line for the refrigerator's ice maker as well as the refrigerator's electrical line. Note the use of metal reinforcing plates at all holes (also visible in the shot of the fuse box above).
Insulation
The purpose of insulation is to lower the heating and cooling costs for the house by limiting heat transfer through the walls and the ceiling. The insulation process starts by installing foam channels in the eaves. 
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These channels guarantee that air will be able to flow from the soffit vents to the ridge vents. Without these channels, insulation tends to expand into the eaves and block the soffit vents. This house uses standard fiberglass insulation throughout.
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Notice that over the insulation is a thin plastic vapor barrier. The idea behind the vapor barrier is to keep moisture that develops inside the house inside. Without the barrier, here is what happens inside the wall in winter: Warm, moist air moves through the drywall and into the insulated wall cavity; at some point inside the cavity it becomes cold enough for the moisture to condense, soaking the insulation. The vapor barrier prevents this process. In older homes, the siding and sheathing were so loose that air easily migrated out before the moisture condensed, but that is no longer the case so the barrier is essential. 

Drywall
On the outside, the house now looks complete; but inside, it won't look "like a house" until the drywall goes up. Drywall (also known as "plaster board" and by the trade name "Sheetrock") is a half-inch layer of plaster or gypsum sandwiched between two thick sheets of paper. It is remarkably solid, and also remarkably heavy. 

To finish this house, 134 sheets of drywall measuring 4 feet wide by 12 feet tall were delivered to the site and stacked in the living room.
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A 4x12 sheet of drywall weighs about 50 pounds (23 kg). So this room has about 6,700 pounds (about 3,000 kg) of drywall stacked in it! 

The drywallers put up all of the drywall in a day and taped it the next day.
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To "tape" the drywall means to cover all of the cracks and nails with drywall mud (spackling compound) so that the walls are completely smooth. You can see that the cracks and nails are all covered in the pictures above. 

Finishing Up
At this point, the steps that remain are all "finishing steps" and are things you can see in your own home by opening doors and removing cover plates. The finishing steps include: 

· Putting down underlayment - The plywood put down during the initial framing is called subflooring. Generally it is covered by tar paper or 4-mil-thick plastic as a vapor barrier and then by 5/8-inch particle board. Alternatively, it may be covered with rigid concrete wonder board for tile installations. 

· HVAC - Once the underlayment is down, the HVAC contractor will install the heating and air conditioning unit (aka the furnace), the vents and all duct work. If this had been a two-story home or a home built on a slab, the HVAC people might have had to install some ductwork in the walls or between floors. However, in a single-story home on a crawl space or basement, the furnace and all ducting can go in very late in the process because everything goes under the house. 

· Finish electrical - The electrician will return and install all light fixtures, wall outlets, switches and cover plates. 

· Kitchen and bathroom cabinets and counters - The cabinet company will install kitchen and bathroom cabinets. They are simply aligned on the wall and screwed into the wall studs. Countertops are screwed on top of the cabinets. 

· Finish plumbing - Once the cabinets are in, the plumber will return and install sinks, toilets and faucets. The plumber will also install the water heater if it was not installed during rough plumbing. 

· Installation of well and septic system or hook-up to city water and sewer - Depending on where the house is located, it will either have a private well and septic system or it will hook up to municipal water and sewer lines. If a private well and septic tank are needed, the contractor will bring in a well-drilling subcontractor and a septic-tank subcontractor. Otherwise, the contractor will call someone (either the municipality or a subcontractor) to extend the municipal lines to the house. The plumber will hook up the water and sewer lines. 

· Wall trim - Once the cabinets are in, the interior doors are installed and the molding around the doors, windows and baseboards goes in. 

· Paint - Once the molding is on, it is time to paint and wallpaper the interior of the house. 

· Carpeting and tile - Once the paint is done, carpet and tile goes down. 

· The final punch list - At this point, the builder inspects the house, noting any problems. All problems are tabulated on a punch list. The different contractors return to fix all of the problems. 

Once the punch list is done, it's time to move in! Here are some shots of the finished house.
[image: image67.jpg]





This text has shown you the basic steps involved in house construction. Obviously there are a lot of details that we have omitted here, as well as a huge number of rules embodied in the building codes. If you want to learn more, I would recommend the excellent book titled Do It Yourself Housebuilding, by George Nash. 

The next time you walk into a house or start poking around under it, you should do so with a much better understanding and appreciation for everything that goes into making it work! 
































































































































































Grading and site preparation 


Foundation construction 


Framing 


Installation of windows and doors 


Roofing 


Siding 


Rough electrical 


Rough plumbing 


Rough HVAC 


Insulation 


Drywall 


Underlayment 


Trim 


Painting 


Finish electrical 


Bathroom and kitchen counters and cabinets 


Finish plumbing 


Carpet and flooring 


Finish HVAC 


Hookup to water main, or well drilling 


Hookup to sewer or installation of a septic system 


Punch list 








SSgt George Greene, assigned to the 379 Expeditionary Civil Engineering Squadron structures shop, constructs a storage facility at this forward deployed location in the Gulf region in support of OPERATION IRAQI FREEDOM.   The same methods used to build this facility will be used to build the wood frame houses here at FERL.


Photo by Master Sgt Terry L. Blevins
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