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Week  8

Chapter 24: Systems-Built Housing  

The textbook for this course is: Modern Carpentry, Essential Skills for the Building Trades. By Willis H. Wagner and Howard Bud Smith, Published by the Goodheart-Willcox Company Inc., Tinley Park, Illinois (2008) ISBN 978-1-59070-648-0
The second half of this textbook will be covered in this course with the first half of the textbook covered in Construction Technology I.  

Please Read Chapter 24 from pages 740-756 in Modern Carpentry, Essential Skills for Building Trades by Willis H. Wagner and Howard Bud Smith.

Introduction

Not very many years ago, if you got a bunch of contractors talking about “prefab” homes, you would have likely heard a lot of negative chatter about trailers, double wide trailers, prefab houses, kit houses, modulars, Sears houses, Miles homes, Wausau homes, domes, and even Army housing.  This was a new concept just a few decades ago.  Now systems-built housing is the new terminology for an industry with many different types of operation.  Building codes have requirements for systems-built houses, which is a catch all term for several different types of construction.  Banks may have specific requirements and mortgage terms for “manufactured” homes which is again a catch all term for basically anything that is not a stick built structure.  People protested these prefab homes coming into their neighbors and many communities banned them.  Some modulars/double-wides started popping up in mobile home parks.  Whole developments were built with only manufactured homes and there was great debate about who would live in these mass produced houses.  Quality was a huge concern.  So was competition for people looking for affordable housing and, in such an American fashion, wanting it fast. 

In this chapter, we will get a common language for describing this fast growing industry and market segment.  We will also learn the differences and the advantages and disadvantages.

Systems-built housing refers to houses built from components assembled in a factory following precise design specifications.  The old term here was prefabrication.  Both terms indicate a process in which parts are cut and assembled into sections, modules, or entire homes in factories.  The units are then shipped to the site for final assembly.  Now it is difficult to distinguish a systems-built house from a conventional stick-built home.  See Figure 24-1 and page 740.

Modulars are also included in systems-built housing or factory-built housing.  These are three-dimensional units that are fully assembled before they leave the factory.  Modulars work well for commercial buildings, shopping centers, and hotel/motels.  See Figure 24-2.  Wausau homes are constructed as modules and the company has been in business for many years.  They stress squeakless floors, basement ceilings that are completely enclosed as the bottom of the upper modules, high energy efficiency using green technology such as size of overhangs and high R value insulation, and a virtually unlimited variety of customizable floor plans and styles.

Computer assisted design has revolutionized the building industry and made it possible for average income homeowners to create their dream house from existing plans.  Whether stick built or systems built, a click of the mouse can change the floor plan and drawings. Systems-built homes include geodesic domes and log homes along with traditional, classic, and contemporary styles.


Building components in a factory saves time and money.  Rather than every contractor buying specialty tools, a plant can have specialized equipment for doing repetitive jobs and carrying heavy loads.  Quality can be strictly controlled and materials are not exposed to weather.  Materials can be used more efficiently as well.  Workers who build the same basic components do not need the same skills as a carpenter that has to know how to construct everything and often in an environment that is not particularly well-suited.  Special presses and gluing equipment can make stress skin panels and box beams quickly and precisely.   Components move from one workstation to the next.  Complying with codes becomes a part of quality control.

Green Box

It is difficult to write a green box for this chapter because the entire chapter could basically considered a green box.  Building structures in a controlled factory environment reduces waste material, provides opportunities for reuse and recycling and can be a safer work environment than a job site.

24.1 Factory-Built Components

Factory built components are already commonplace on a construction site.  Windows, door units, soffit systems, stairs, cabinetry and roof trusses are examples.  See Figure 24-3.  Roof trusses must be carefully designed by structural engineers to exact specifications.  High production saws, special presses, and jog tables along with special connectors and fasteners are great time and labor savers and quality is controlled.  It is very difficult and time consuming to build truss/rafters on a job site and special knowledge is needed to determine specifications for span and load.  Floor truss can be built with openings for HVAC ducts, electrical circuitry, and plumbing lines.  See Figure   24-4.  Stressed skin panels, flat sandwich panels, wall and roof sections are all examples of components that can be factory assembled.  Chases and channels can be built into panels for wires, pipes, and mechanicals.  See Figure 24-5 which shows a wall being built with the custom window already installed.  Figure 24-6 shows various types of factory built panels.  Figure 24-7 shows how a wall and floor sections can be super insulated.  Whether the contractor is simply ordering truss or a whole package of components, when they are ready, they are packed and shipped to the building site.

24.2 Types of Systems-Built Homes

The Building Systems Council groups systems-built housing into one of three categories:

· Modular homes
· Panelized homes
· Log homes

Other organizations include other categories, such as:

· Precut homes
· Manufactured homes (formerly called mobile homes)

All of these offer rapid construction, quality materials, lower building costs, and customizing.

24.3 Modular Homes

According to the Modular Buildings Systems Association 38,000 modular homes were sold in the US in 2003 and increase of over 10% from the previous year. The most popular states for these homes are: North Carolina, New York, Michigan, Virginia, and Pennsylvania.  Why are these states buying more modular that the others?  Any ideas?  This growth continued but, just like all homes, this industry has been hit by the economic recession in 2008 and the slow recovery.

Modular homes have two or more three dimensional modules which are produced on an assembly line.  They can be single or multi-story.  The modules may be smaller units such as a bathroom or laundry room with all the plumbing, wiring, and fixtures installed.  See Figure 24-8.  

A module is usually 12-14 feet wide and can be 60-80 feet long.  Some are basically complete right from the factory and only need to be set on a foundation and fastened with bolts.  Set up crews specialize in this work.  See Figure 24-9.  One disadvantage is hauling these modules.  Most roads and trucks cannot handle a width greater than 14 feet.  Getting them into position at the job site may involve large cranes. See Figure 24-10. 

All finish work is done at the factory under quality control (or not) using mass production techniques to save time, labor, and material costs.  A module that contains the plumbing and heating facilities and the utility hookups is called a mechanical core.  If you walk through a modular unit, you will notice they are often constructed so that ductwork and plumbing are minimized.  Kitchens, baths, laundry rooms, and mechanicals may share common walls.  These are economic advantages.  Another advantage is that many of these units can be moved to a new location if needed.  In the foreclosure market, many of these homes have been moved back to sales lots and are sold at reasonable prices.

24.4 Panelized Homes

Rather than prebuilt parts, panelized homes are just a series of wall panels that are 8’ high and up to 40’ long.  They are often a sandwich of exterior and interior wall with rigid insulation in between.  When these panels are finished on both sides, they are called closed panels meaning that no additional material must be installed once they are set up.  Drywall and mechanicals may be added later.  Door and window openings may be cut, the windows may be hung, and studs may be predrilled for wiring and plumbing.  Channels may be formed in the rigid insulation for running wire.  Ceiling and floor panels may be made in the same way.  

These panels are mass produced using large woodworking machines.  See Figure 24-11.  The panel members are placed in position and a row of pneumatic nailers attaches sheathing in less than two minutes.  See Figure 24-12.  Then insulation is installed.  See Figure 24-13.  Then the opposite side is nailed into place.  Roof and ceiling panels may be used in post-and-beam construction.  The ceiling side may be painted at the factory.  Floor panels are less commonly used.  Full-length joists are assembled with headers.  Then long plywood sheets are formed using scarf joints.  These are glued in place resulting in a stressed-skin construction that is rigid and strong.  These panels prevent nail pops and squeaks.

When the panels are ready to be shipped, they are numbered for their location in the building.  

24.5 Precut Homes

Precut homes are much like conventional stick built homes but the pieces are cut, shaped, and labeled at the factory and then shipped to the job site.  This reduces time and labor at the site.  All of the parts for the entire house may be labeled and shipped, even electrical, plumbing, and HVAC.  Cabinetry and built-ins can also be made at the plant and sent to the site.  These used to be called kit homes and were promoted for do-it-yourselfers.  Some of the DIY projects ended up in disaster when people who knew nothing about building tried to put them together.  Many turned out OK.  In the area where this author lives there are several.   Two of the companies that produced these homes were Miles and Sears.  Miles is still in business.  Sears homes were usually small and simple.  One style was octogan shaped.  There is one in Saugatuck, Michigan that has been there for over 50 years and still is a lovely home. It has a concrete floor with mosaic tiles laid in the living and dining area in a beautiful pattern.  

24.6 Log Homes

Log homes are precut homes.  They are built by stacking precut and machined logs on top of each other rather than stud framing.  Log homes come in many styles and materials.  They are customized to the buyer’s wishes.  High-speed, precision machines mill logs that are uniform and with the tongues, grooves, notches, and splines that hold them together.

24.7 On-Site Building Erection

While workers at the factory are preparing all the prefabricated units and loading them onto trailers in the order they are to be assembled, workers on the building site are preparing the site.  See Figure 24.14.  The foundation is built according to dimensions and plans.  Some systems-built manufacturers have their own crews, which is an efficient and economical way to erect these homes.  Cranes lift the parts and place them on the foundation.  The floor deck is built or assembled from panels.  Mechanical units are set, walls and partitions are joined, ceiling-roof units are installed and roof panels close the structure.  See Figure 24-15.  The shell of the home can often be finished in one day.  Just like any other method of construction, however, bad weather can put the job off schedule.  In addition to rain, wind can create problems and cause damage when setting manufactured homes.  Soft ground can cause problems for heavy equipment.  It takes a large crane to set prefabricated parts in wet areas.  Yet with the ability to close in a home in a day, weather becomes less of a factor.  Within a few weeks wiring, heating, plumbing, and decorating can be completed.  The risk of rain damage to the interior of a home before it is closed in is greatly reduced.  These advantages may create competition with conventional building methods.

24.8 Assembling a Panelized Home

Panelized structures are usually assembled on site using heavy equipment to lift, move, and set the panels.  Figures 24-16 through 24-23 provide details of how the panels are set and secured throughout the structure.  The Procedure box on pages 752 and 753 adds additional details.  While each panelized home will have manufacturer’s instructions, specs, drawing, etc., studying the information in this section can provide a general understanding of the construction methods for panelized homes.  Every panel must be plumb, level, correctly placed and fastened or the entire project can become a nightmare.  It is like putting a puzzle together in three dimensions and a whole lot more detail.

24.9 Manufactured Homes

A trailer longer than 28’ and heavier than 4500 pounds is considered by manufacturers to be a manufactured home with the most common widths between 12’ and 14’.  Lengths can be greater than 68’ and often are as long as 80’.  HUD regulations require that the delivery chassis be left intact.

Nearly 100 different companies throughout North America produce manufactured homes with a growth rate of 17% in the 1990s.  What once used to be a single-wide mobile home with metal siding now is available in many styles including multistory and multisectional units with basically the same types of siding that are common on stick built homes.  Some even have marble countertops.  Prices over $100,000 are not uncommon.  The average size is 1400 sq. ft. What has changed the most, however, is public perception.  They are no longer trailers or mobile homes.  In fact, less than 2% ever get moved after they are set.  The difference between a manufactured home and other units is that the floor must be one rigid unit which usually consists of a wood frame attached to a welded steel chassis.  Many have an expandable feature allowing for wider living spaces.  Slide-out sections are carried inside while in transit and pulled out when the home is on site.    Manufactured homes are completely finished and equipped at the factory and usually shipped to a dealer.  The metal chassis eliminates the need for a foundation but many are placed on foundations or basements.  Utility hookups are all set up.  Interiors can be custom designed and often come with appliances, furniture, drapes, carpeting, lamps, etc.  Figure 24-24 shows a manufactured home being set up.  Garages, decks, porches and additions can also be built.  Once finished it is often difficult to distinguish a manufactured home from a stick built.

On the Job

This segment covers equipment operators and operating engineers.    Excavation and moving material are standard functions of heavy equipment which includes bulldozers, graders, lifts, loaders, excavators, and cranes.  People who operate more than one type of equipment may be called operating engineers.    Heavy equipment requires training and experience to handle the many levers, switches, and dials.  Some equipment is not equipped with computer technology. (Have you ever seen a tractor going across a field with no operator?  It is becoming a common site with computers doing a better job than humans in creating straight and precisely spaced rows.)  Heavy equipment operators are usually responsible for setting up, inspecting, maintaining, and adjusting these machines.  Without experience, this area of employment may be difficult to get into and special licenses may be required.  Operators work on building construction sites and often highway construction.  Working conditions are weather dependent.  Operators are also subject to high noise levels, vibrations, and jolting as the equipment works.  These are considered skilled positions but pay varies across the industry.  Days of lost work due to weather, soil conditions, material delays, and break-downs can cause significant income losses.  In addition, the price tag on these giant “Tonkas” is extremely high and break-downs are costly of fix.  Is this a trade that interests you?  

Chapter Summary and Assignments

Read the chapter summary on page 756. 

Please complete the Test Your Knowledge questions on page 756 and check your answers online.  

Then complete the Online Unit Quiz and check your answers online.  Save your responses. These notes will be good review for Exam preparation.

Online Unit Quiz for Chapter 

1. A systems-built house consists of components, panels, or modules cut and assembled in a factory.
a. True
b. False
2. Firms producing systems-built structures do not offer custom designing.
a. True
b. False
3. Modular units are easily lifted by hand onto their foundation.
a. True
b. False
4. A basic type of factory-built construction is the __________.
a. Precut
b. Panelized
c. Modular
d. Log home
e. Manufactured home
f. All of the above
5. In __________ systems construction, entire sections of the structure are built and finished in manufacturing plants.
a. Precut
b. Panelized
c. Modular
d. Log
e. All of the above
6. A modular section that has a group of plumbing and heating facilities is often called a(n) _______ core.
a. Electrical
b. Modular
c. Mechanical
d. None of the above
7. Prefabricated panels finished on both inside and outside are called _________.
a. Closed panels
b. Open panels
c. Stressed skin panels
d. Mechanical cores
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