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Chapter 6: Housing Structure

“The Palace of Fine Arts in Mexico City has sunk more than 
10 feet into the ground since it was built 60 years ago and 
the most noticeable effect is that the grand stone stairway has 
disappeared and the entrance is now at street level.” 

C.B. Crawford,
Canadian Building Digest

Introduction
The principal function of a house is to provide protection 
from the elements. Our present society, however, requires 
that a home provide not only shelter, but also privacy, 
safety, and reasonable protection of our physical and 
mental health. A living facility that fails to offer these 
essentials through adequately designed and properly 
maintained interiors and exteriors cannot be termed 
“healthful housing.”

In this chapter, the home is considered in terms of the 
parts that have a bearing on its soundness, state of repair, 
and safety. These are some of the elements that the hous-
ing inspector must examine when making a thorough 
housing inspection.

Figure 6.1 shows a typical house being built and 
inspected today and includes a terminology key. Both the 

Figure 6.1. Housing Structure Terminology, Typical House Being Built Today [1]

figure and the key are available in an interactive format in 
the glossary on the U.S. Inspect Web site [1]. 

Figure 6.2 shows a typical house built between 1950 and 
1980 and also includes a terminology key. The figures 
show the complexity and the numerous components of a 
home. These components form the vocabulary that is 
necessary to discuss housing structure inspection issues.

Key to Figure 6.1 (New Housing Terminology)
1. Ash dump (see 35)— A door or opening in the firebox

that leads directly to the ash pit, through which the ashes
are swept after the fire is burned out. All fireboxes are not
equipped with an ash dump.

2. Attic space— The open space within the attic area.

3. Backfill— The material used to refill an excavation around
the outside of a foundation wall or pipe trench.

4. Baluster— One of a series of small pillars that is attached
to and runs between the stairs and the handrails. The
spacing between the balusters should be less than 4 inches
to prevent small children from getting stuck between the
balusters. Balusters are considered a safety item and
provide an additional barrier.
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5. Baseboard trim— Typically a wood trim board that is 
placed against the wall around the perimeter of a room 
next to the floor. The intent is to conceal the joint 
between the floor and wall finish.

6. Basement window— A window opening installed in the 
basement wall. Basement windows are occasionally below 
the finish grade level and will be surrounded on the 
exterior by a window well.

7. Blind or shutter— A lightweight frame in the form of a 
door located on each side of a window. They are most 
commonly constructed of wood (solid or louvered panels) 
or plastic. Originally they were designed to close and 
secure over the windows for security and foul weather. 
Most shutters now are more likely decorative pieces that 
are secured to the house beside the windows.

8. Bridging— Small pieces of wood or metal strapping 
placed in an X-pattern between the floor joists at midspan 
to prevent the joists from twisting and  squeaking and to 
provide reinforcement and distribution of stress.

9. Building paper/underlayment— Building material, 
usually a felt paper that is used as a protective barrier 
against air and moisture passage from the area beneath the 
flooring as well as providing a movement/noise isolator in 
hardwood flooring.

10. Ceiling joist— A horizontally placed framing members at 
the ceiling of the top-most living space of a house that 
provides a platform to which the finished ceiling material 
can be attached.

11. Chair rail (not shown)— Decorative trim applied around 
the perimeter of a room such as a formal dining room or 
kitchen/breakfast nook at the approximate same height as 
the back of a chair. It is sometimes used as a cap trim for 
wainscoting (see wainscoting).

12. Chimney— A masonry or in more modern construction 
wood framed enclosure that surrounds and contains one 
or more flues and extends above the roofline. 

13. Chimney cap— The metal or masonry protective 
coveringat the top of the chimney that seals the chimney 
shaft from water entry between the chimney enclosure and 
the flue tiles. 

14. Chimney flues— The space or channel in a chimney that 
carries off the smoke and other combustion gases to the 
outside air. Most homes will have a terra cotta tile flue or a 
metal flue.

15. Collar beam/tie— A horizontal piece of framing lumber 
that provides intermediate support for opposite rafters. 

They are usually located in the middle to upper third 
portion of the rafters. It is also known as a collar beam or 
collar brace.

16. Concrete slab floor— Typically approximately 4 inches 
thick, the concrete slab floor provides a number of uses. It 
creates a solid level surface to walk and work on. It 
provides a separation between the grade/soil and a 
potentially livable area. It also provides lateral compression 
resistance for the foundation walls, preventing soil pressure 
from outside the foundation from pushing the foundation 
walls and footings inward. 

17. Corner brace— Diagonal braces placed at the corners of 
framed walls to stiffen them and provide extra strength.

18. Cornice— An overhang of a pitched roof at the eave line 
that usually consists of a fascia board, a soffit, and any 
appropriate moldings or vents.

19. Cornice molding— The individual pieces of wood trim 
that are applied to the cornice area at the eaves.

20. Door casing/trim— The finish trim details around the 
perimeter of the door on the interior finished wall.

21. Door frame/jamb— The top and sides of the door to 
include the wall framing as well as the actual door frame 
and trim. 

22. Downspout— A pipe, usually of metal or vinyl, that is 
connected to the gutters and is used to carry the 
roof-water runoff down and away from the house. 

23. Downspout gooseneck— Segmented section of 
downspout that is bent at a radius to allow the downspout 
to be attached to the house and to follow the bends and 
curves of the eaves and ground. 

24. Downspout shoe— The bottom downspout gooseneck 
that directs the water from the downspout to the 
extension or splash block at the grade. 

25. Downspout strap— Strap used to secure the downspout 
to the side of the house. 

26. Drain tile— A tube or cylinder that is normally installed 
around the exterior perimeter of the foundation footings 
that collects and directs ground water away from the 
foundation of the house. The tile can be individual 
sections of clay or asphalt tubing or, in more recent 
construction, a perforated-plastic drain tile that is 
approximately 4 inches in diameter. The drain tile leads 
either towards a sump or to an exterior discharge away 
from the house. 
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27. Entrance canopy— A small overhanging roof that shelters 
the front entrance.

28. Entrance stoop— An elevated platform constructed of 
wood framing or masonry at the front entry that allows 
visitors to stand above or out of the elements. The 
platform should be wide enough to allow someone to 
stand on the platform while opening an outward swinging 
door such as a storm door even if one is not present. 

29. Exterior siding— The decorative exterior finish on a 
house. Its primary function is to protect the shell of the 
house from the elements. The choice of siding materials 
varies widely to include wood, brick, metal, vinyl, 
concrete, stucco, and a variety of manufactured 
compositions such as compressed wood, compressed 
cellulose (paper), fiber-reinforced cement, and synthetic 
stucco. 

30. Fascia— The visible flat front board that caps the rafter 
tail ends and encloses the overhang under the eave that 
runs along the roof edge. The gutter is usually attached at 
this location. 

31. Fascia/rake board— The visible flat front board that caps 
the rafter tail ends and encloses the overhang under the 
eave that runs along the roof edge and at the edge of the 
roofing at the gables. The gutter is usually attached to this 
board at the eaves. 

32. Finish flooring (not shown)— The final floor covering 
inside the living space of a house. The most common 
types of finishes are carpeting; hardwood flooring; ceramic, 
composite, or laminate stone tile; parquet panels; or vinyl 
sheet flooring.

33. Finished grade line— A predetermined line indicating the 
proposed elevation of the ground surface around a 
building.

34. Firebox— The cavity in the open face of the fireplace in 
which the fire is maintained. The firebox leads directly to 
the fireplace flue. The firebox is constructed of fire or 
refractory brick set in fireclay or reinforced mortar in 
traditional masonry fireplaces. The firebox may also be 
constructed of metal or ceramic-coated metal panels in 
more modern prefabricated fireplaces. The walls of the 
firebox are usually slanted toward the living space both to 
direct smoke up toward the flue and to reflect heat into 
the room.

35. Fireplace cleanout door— The access door to the ash pit 
beneath the fireplace. On a fireplace that is located inside 
the house, the cleanout door is usually located in the 
lowest accessible level of the house such as the basement or 

crawl space. On a fireplace that is located at the outside of 
the house, the cleanout door will be located at the exterior 
of the chimney. Not all fireplaces are equipped with a 
cleanout door.

36. Fireplace hearth— The inner or outer floor of a fireplace, 
usually made of brick, tile, or stone.

37. Flashing (not shown)— The building component used to 
connect and cover portions of a deck, roof, or siding 
material to another surface such as a wall, a chimney, a 
vent pipe, or anywhere that runoff is heavy or where two 
dissimilar materials meet. The flashing is mainly intended 
to prevent water entry and is usually made of rubber, tar, 
asphalt, or various metals.

38. Floor joists— The main subfloor framing members that 
support the floor span. Joists are usually made of 
engineered wood I-beams or 2×8 or larger lumber. 

39. Foundation footing— The base on which the foundation 
walls rests. The foundation is wider than the foundation 
wall to spread out the load it is bearing and to help 
prevent settling.

40. Foundation wall— The concrete block, concrete slab or 
other nonwood material that extends below or partly 
below grade, which provides support for exterior walls and 
other structural pans of the building. 

41. Framing studs— A 2×4 or 2×6 vertical framing member 
used to construct walls and partitions, usually spaced 12 to 
24 inches apart. 

42. Gable framing— The vertical and horizontal framing 
members that make up and support the end of a building 
as distinguished from the front or rear side. A gable is the 
triangular end of an exterior wall above the eaves.

43. Garage door— The door for the vehicle passage into the 
garage area. Typical garage doors consist of multiple 
jointed panels of wood, metal, or fiberglass. 

44. Girder— A large beam supporting floor joists at the same 
level as the sills. A larger or principal beam used to support 
concentrated loads at isolated points along its length.

45. Gravel fill— A bed of coarse rock fragments or pebbles 
that is laid atop the existing soil before pouring the 
concrete slab. The gravel serves a dual purpose of breaking 
surface tension on the concrete slab and providing a layer 
that interrupts capillary action of subsurface moisture from 
reaching the concrete slab. Typically, a polyethylene 
sheeting will be installed between the gravel fill and the 
concrete slab for further moisture proofing.
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46. Gutter— A channel used for carrying water run-off. 
Usually located at the eaves of a house and connected to a 
downspout. The primary purpose of the gutters and 
downspouts is to carry roof water run-off as far away from 
the house as possible. 

47. Insulation— A manufactured or natural material that 
resists heat flow that is installed in a house’s shell to keep 
the heat in a house in the winter and the coolness in the 
house in the summer. The most common form of 
insulation is fiberglass, whether in batts or blown-in 
material, along with cellulose, rigid foam boards, 
sprayed-in foam, and rock wool.

48. Jack/king stud— The framing stud, sometimes called the 
trimmer, that supports the header above a window, door, 
or other opening within a bearing wall. Depending on the 
size of the opening, there may be several jack studs on 
either side of the opening.

49. Mantel— The ornamental or decorative facing around a 
fireplace including a shelf that is attached to the breast or 
backing wall above the fireplace.

50. Moisture/vapor barrier— A nonporous material, such as 
plastic or polyethylene sheeting, that is used to retard the 
movement of water vapor into walls and attics and prevent 
condensation in them. A vapor barrier is also installed in 
crawl space areas to prevent moisture vapor from entering 
up through the ground.

51. Newel post— The post at the top and bottom of the 
handrails and anywhere along the stair run that creates a 
directional change in the handrails is called the newel post. 
The newel post is securely anchored into the underlying 
floor framing or the stair stringer to provide stability to the 
handrails.

52. Reinforcing lath— A strip of wood or metal attached to 
studs and used as a foundation for plastering, slating or 
tiling. Lath has been replaced by gypsum board in most 
modern construction.

53. Ridge board/beam— The board placed on edge at the 
top-most point of the roof framing, into which the upper 
ends of the rafters are joined or attached.

54. Roofing— The finished surface at the top of the house 
that must be able to withstand the effects of the elements 
(i.e., wind, rain, snow, hail, etc.). A wide variety of 
materials are available, including asphalt shingles, wood 
shakes, metal roofing, ceramic and concrete tiles, and slate, 
with asphalt shingles making up the bulk of the material 
used.

55. Roof rafters— Inclined structural framing members that 
support the roof, running from the exterior wall the to the 
ridge beam. Rafters directly support the roof sheathing 
and create the angle or slope of the roof. 

56. Roof sheathing— The material used to cover the outside 
surface of the roof framing to provide lateral and rack 
support to the roof, as well as to provide a nailing surface 
for the roofing material. This material most commonly 
consists of plywood OSB or horizontally laid wood 
boards. 

57. Sidewalk— A walkway that provides a direct, all-weather 
approach to an entry. The sidewalk can be constructed of 
poured concrete, laid stone, concrete pavers, or gravel 
contained between borders or curbs.

58. Sill plate— The horizontal wood member that is 
anchored to the foundation masonry to provide a nailing 
surface for floors or walls built above.

59. Silt fabric— A porous fabric that acts as a barrier between 
the backfilled soil (see backfill) and the gravel surrounding 
the drain tile. This barrier prevents soil particles from 
blocking the movement of groundwater to the drain tile.

60. Soffit/lookout block— Rake cross-bracing between the 
fly rafters and end gable rafters that the soffit is nailed to.

61. Stair rail— A sturdy handhold and barrier that follows the 
outside, and sometimes inside, perimeter of the stairs. The 
stair rail is used to prevent falls and to provide a means of 
additional support when walking up or down the stairs.

62. Stair riser— The vertical boards that close the space 
between each stair tread on a set of stairs (see stair stringer 
and stair tread).

63. Stair stringer— The supporting members in a set of stairs 
that are cut or notched to accept the individual treads and 
risers (see stair riser and stair tread).

64. Stair tread— The horizontal board in a stairway that is 
walked upon (see stair riser and stair stringer).

65. Subfloor— Boards or plywood, installed over joists, on 
which the finish floor rests. 

66. Support post— A vertical framing member usually 
designed to carry or support a beam or girder. In newer 
construction a metal lally (pronounced “lolly”) column is 
commonly used, as well as 4×4- or 6×6-inch wood posts.

67. Tar— Otherwise known as asphalt, tar is a very thick, dark 
brown/black substance that is used as a sealant or 
waterproofing agent. It is usually produced naturally by 
the breakdown of animal and vegetable matter that has 



6-5Chapter 6: Housing StructureHealthy Housing Reference Manual

been buried and compressed deep underground. Tar is 
also manufactured— a hydrocarbon by-product or residue 
that is left over after the distillation of petroleum. It is 
commonly used as a sealant or patch for roof penetrations, 
such as plumbing vents and chimney flashing. Tar is also 
used as a sealer on concrete and masonry foundation walls 
before they have been backfilled.

68. Termite shield— A metal flashing that is installed below 
the sill plate that acts as a deterrent to keep termites from 
reaching the sill plate. 

69. Top plate— The topmost horizontal framing members of 
a framed wall. Most construction practices require the top 
plate to be doubled in thickness.

70. Wainscoting— The wooden paneling of the lower part of 
an interior wall up to approximately waist-height or 
between 36 and 48 inches from the floor.

71. Wall insulation— A manufactured or natural material 
that resists heat flow that is installed in a house’s shell to 
keep the heat in a house in the winter and the coolness in 
the house in the summer. Fiberglass batts are the most 
common form of wall insulation.

72. Wall sheathing— The material used to cover the outside 
surface of the wall framing that provides lateral and shear 

support to the wall as well as a nailing surface for the 
exterior siding.

73. Window casing/trim— The finish trim details around 
the perimeter of the window on the interior finished wall. 

74. Window cripple— Short studs placed between the header 
and a top plate or between a sill and sole plate.

75. Window frame/jamb— The top and sides of the 
window, to include the wall framing and the actual 
window frame and trim.

76. Window header— A beam placed perpendicular to wall 
studs above doors, windows, or other openings to carry 
the weight of structural loads above the window or door. 

77. Window sash— The framework that holds the glass in a 
door or window.

78. Window well (not shown)— An excavation around a 
basement window that prevents the surrounding soils 
from collapsing into the window. The window well 
surround is normally constructed of formed corrugated 
galvanized metal, built-up masonry, or pressure-treated 
wood. 

Figure 6.2. Housing Structure and Terminology, Typical House Built Between 1950 and 1980 [2]
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Key to Figure 6.2 (Old Housing Terminology)

Fireplace
1. Chimney— A vertical masonry shaft of reinforced 

concrete or other approved noncombustible, heat resisting 
material enclosing one or more flues. It removes the 
products of combustion from solid, liquid or gaseous fuel.

2. Flue liner— The flue is the hole in the chimney. The 
liner, made of terra cotta or metal, protects the brick from 
harmful smoke gases.

3. Chimney cap— This top is generally of concrete. It 
protects the brick from weather.

4. Chimney flashing— Sheet metal flashing provides a tight 
joint between chimney and roof.

5. Firebrick— An ordinary brick cannot withstand the heat 
of direct fire, and so special firebrick is used to line the 
fireplace. In newer construction, fireplaces are constructed 
of prefabricated metal inserts.

6. Ash dump— A trap door to let the ashes drop to a pit 
below, where they may be easily removed.

7. Cleanout door— The door to the ash pit or the bottom 
of a chimney through which the chimney can be cleaned.

8. Chimney breast— The inside face or front of a fireplace 
chimney.

9. Hearth— The floor of a fireplace that extends into the 
room for safety purposes.

Roof
10. Ridge— The top intersection of two opposite adjoining 

roof surfaces.

11. Ridge board— The board that follows along under the 
ridge.

12. Roof rafters— The structural members that support the 
roof.

13. Collar beam— Not a beam at all; this tie keeps the roof 
from spreading and connects similar rafters on opposite 
sides of the roof.

14. Roof insulation— An insulating material (usually rock 
wool or fiberglass) in a blanket form placed between the 
roof rafters to keep a house warm in the winter and cool 
in the summer.

15. Roof sheathing— The boards that provide the base for 
the finished roof. In newer construction, roof sheathing is 
composed of sheets of plywood, or oriented strand board 
(OSB).

16. Roofing— The wood, asphalt or asbestos shingles— or 
tile, slate, or metal— that form the outer protection 
against the weather.

17. Cornice— A decorative element made of molded 
members, usually placed at or near the top of an exterior 
or interior wall.

18. Gutter— The trough that gathers rainwater from a roof.

19. Downspout— The pipe that leads the water down from 
the gutter.

20. Storm sewer tile— The underground pipe that receives 
the water from the downspouts and carries it to the sewer. 
In newer construction, plastic-type material have replaced 
tile. 

21. Gable— The triangular end of a building with a sloping 
roof.

22. Barage board— The fascia or board at the gable just 
under the edge of the roof.

23. Louvers— A series of slanted slots arranged to keep out 
rain, yet allow ventilation.

Walls and Floors
24. Corner post— The vertical member at the corner of the 

frame, made up to receive inner and outer covering 
materials.

25. Studs— The vertical wood members of the house, usually 
2×4s at minimum and spaced every 16 inches.

26. Sill— The board that is laid first on the foundation, and 
on which the frame rests.

27. Plate— The board laid across the top ends of the studs to 
hold them even and tight.

28. Corner bracing— Diagonal strips to keep the frame 
square and plumb.

29. Sheathing— The first layer of outer wall covering nailed 
to the studs.

30. Joist— The structural members or beams that hold up the 
floor or ceiling, usually 2×10s or 2×12s spaced  
16 inches apart.

31. Bridging— Cross-bridging or solid. Members at the 
middle or third points of joist spans to brace one to the 
next and to prevent them from twisting.

32. Subflooring— Typically plywood or particle wood that is 
laid over the joists.

33. Flooring paper— A felt paper laid on the rough floor to 
stop air infiltration and, to some extent, noise.
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34. Finish flooring— Hardwood, of tongued and grooved 
strips, carpet, or vinyl products (tile, linoleum).

35. Building paper or sheathing— Paper or plasticized 
material placed outside the sheathing, not as a vapor 
barrier, but to prevent water and air from leaking in. 
Building paper is also used as a tarred felt under shingles 
or siding to keep out moisture or wind.

36. Beveled siding— Sometimes called clapboards, with a 
thick butt and a thin upper edge lapped to shed water. In 
newer construction, vinyl, aluminum, or fiber cement 
siding and stucco are more prevalent.

37. Wall insulation— A blanket of wool or reflective foil 
placed inside the walls.

38. Metal lath— A mesh made from sheet metal onto which 
plaster or other composite surfacing materials can be 
applied. In newer construction, plaster sheetrock 4-×8-foot 
sheets have replaced lath.

Foundation and Basement 
39. Finished grade line— The top of the ground at the 

foundation.

40. Foundation wall— The wall of poured concrete (shown) 
or concrete blocks that rests on the footing and supports 
the remainder of the house.

41. Termite shield— A metal baffle to prevent termites from 
entering the frame.

42. Footing— The concrete pad that carries the entire weight 
of the house upon the earth.

43. Footing drain tile— A pipe with cracks at the joints, or 
perforated plastic pipe to allow underground water to 
drain away before it gets into the basement.

44. Basement floor slab— The 4- or 5-inch layer of concrete 
that forms the basement floor.

45. Gravel fill— Placed under the slab to allow drainage and 
to guard against a damp floor.

46. Girder— A main beam upon which floor joists rest. 
Usually of steel, but also of wood.

47. Backfill— Earth, once dug out, that has been replaced 
and tamped down around the foundation.

48. Areaway— An open space to allow light and air to a 
window. Also called a light well.

49. Area wall— The wall, of metal or concrete, that forms the 
open area.

Windows and Doors
50. Window— An opening in a building for admitting light 

and air. It usually has a pane or panes of glass and is set in 
a frame or sash that is generally movable for opening and 
shutting.

51. Window frame— The lining of the window opening.

52. Window sash— The inner frame, usually movable, that 
holds the glass.

53. Lintel— The structural beam over a window or door 
opening.

54. Window casing— The decorative strips surrounding a 
window opening on the inside.

Stairs and Entry
55. Entrance canopy— A roof extending over the entrance 

door.

56. Furring— Falsework or framework necessary to bring the 
outer surface level to the inner surface.

57. Stair tread— The horizontal part of a step that the foot 
hits when climbing up or down the stairs.

58. Stair riser— The vertical board connecting one tread to 
the next.

59. Stair stringer— The sloping board that supports the ends 
of the steps.

60. Newel— The post that terminates the railing.

61. Stair rail— The bar used for a handhold when using the 
stairs.

62. Balusters— Vertical rods or spindles supporting a rail.

Foundation
The word “foundation” is used to mean

 • construction below grade, such as footings, cellar, or 
basement;

 • the composition of the earth on which the building 
rests; and

 • special construction, such as pilings and piers used to 
support the building.

The foundation bed may be composed of solid rock, sand, 
gravel, or unconsolidated sand or clay. Rock, sand, or 
gravel are the most reliable foundation materials. Figure 
6.3 shows the three most common foundations for homes. 
Unconsolidated sand and clay, though found in many sec-
tions of the country, are not as desirable for foundations 
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because they are subject to sliding and settling [1]. 
Capillary breaks have been identified as a key way of 
reducing moisture incursion in new construction [3].

The footing distributes the weight of the building over a 
sufficient area of ground to ensure that the foundation 
walls will stand properly. Footings are usually concrete; 
however, in the past, wood and stone have been used. 
Some older houses were constructed without footings.

Although it is usually difficult to determine the condition 
of a footing without excavating the foundation, a footing 
in a state of disrepair or lack of a footing will usually be 
indicated either by large cracks or by settlement in the 
foundation walls. This type of crack is called a “Z” crack.

Foundation wall cracks are usually diagonal, starting from 
the top, the bottom, or the end of the wall (Figure 6.4). 

Figure 6.4. Foundation Cracks [4]

Figure 6.3. Foundation [3]

Cracks that do not extend 
to at least one edge of the 
wall may not be caused by 
foundation problems. Such 
wall cracks may be due to 
other structural problems 
and should also be reported. 

The foundation walls sup-
port the weight of the struc-
ture and transfer this weight 
to the footings. The foun-
dation walls may be made 
of stone, brick, concrete, or 
concrete blocks. The exte-
rior should be moisture 
proofed with either a mem-
brane of waterproof mate-
rial or a coating of portland 
cement mortar. The mem-
brane may consist of plastic 
sheeting or a sandwich of 
standard roofing felt joined 
and covered with tar or 
asphalt. The purpose of 
waterproofing the foundation and walls is to prevent 
water from penetrating the wall material and leaving the 
basement or cellar walls damp. 

Holes in the foundation walls are common in many old 
houses. These holes may be caused by missing bricks or 
blocks. Holes and cracks in a foundation wall are undesir-
able because they make a convenient entry for rats and 
other rodents and also indicate the possibility of further 
structural deterioration. Basement problems are a major 
complaint of homeowners [4–9].

Concrete is naturally porous (12%–18% air). When it 
cures, surplus water creates a network of interconnected 
capillaries. These pores let in liquid water, water vapor, 
and radon gas. Like a sponge, concrete draws water from 
several feet away. As concrete ages, the pores get bigger as 
a result of freezing, thawing, and erosion.

Concrete paints, waterproofing sealers, or cement coat-
ings are a temporary fix. They crack or peel and cannot 
stop gases such as water vapor and radon.

Damp basement air spreads mold and radon through the 
house. Efflorescence (white powder stains) and musty 
odors are telltale signs of moisture problems. 
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potential problem, 6-mil plastic sheets should be laid as 
vapor barriers over the entire crawl space floor. The sheets 
should overlap each other by at least 6 inches and should 
be taped in place. The plastic should extend up the 
perimeter walls by about 6 inches. The plastic sheets 
should be attached to the interior walls of the crawl space 
with mastic or batten strips. All of the perimeter walls 
should be insulated, and insulation should be between 
the joists at the top of the walls. Vents, which may need 
to be opened in the late spring and closed in the fall, 
should not be blocked. If not properly managed, mois-
ture originating in the crawl space can cause problems 
with wood flooring and create many biologic threats to 
health and property. A properly placed vapor barrier can 
prevent or reduce problem moisture from entering the 
home. 

Vapor Barriers for Concrete Slab Homes
Strip flooring and related products should be protected 
from moisture migration by a slab. Proper on-grade or 
above-grade construction requires that a vapor barrier be 
placed beneath the slab. Moisture tests should be done to 
determine the suitability of the slab before installing 
wood products. A vapor barrier equivalent to 4- or 6-mil 
polyethylene should be installed on top of the slab to fur-
ther protect the wood products and the residents of the 
home.

Wall and Ceiling Vapor Barriers
Wall and ceiling vapor barriers should go on the heated 
side of the insulation and are necessary in cold climates. 
Water vapor flows from areas of high pressure (indoors in 
winter) through the wall to an area of low pressure (out-
doors in winter). People and their pets produce amazing 
quantities of water vapor by breathing. Additional mois-
ture in considerable quantities is created in the home 
from everyday activities such as washing clothes, cooking, 
and personal hygiene. The purpose of the vapor barrier is 
to prevent this moisture from entering the wall and freez-
ing, then draining, causing damage. In addition, wet 
insulation has very little insulating value. Insulation with 
the vapor barrier misplaced will allow the vapor to con-
dense in the insulation and then freeze. In cold climates, 
this ice can actually build up all winter and run out on 
the floor in the spring. Such moisture buildup blisters 
paint, rots sheathing, and destroys the insulating value of 
insulation. 

Basement remodeling traps invisible water vapor, causing 
mold and mildew. Most basements start leaking within 
10 to 15 years. The basement walls and floors should be 
sealed and preserved before they deteriorate. The base-
ment floor should be concrete placed on at least 6 inches 
of gravel. The gravel distributes groundwater movement 
under the concrete floor, reducing the possibility of the 
water penetrating the floor. A waterproof membrane, 
such as plastic sheeting, should be laid before the con-
crete is placed for additional protection against flooding 
and the infiltration of radon and other gases.

The basement floor should be gradually, but uniformly, 
sloped from all directions toward a drain or a series of 
drains. These drains permit the basement or cellar to 
drain if it becomes flooded.

Water or moisture marks on the floor and walls are signs 
of ineffective waterproofing or moisture proofing. Cellar 
doors, hatchways, and basement windows should be 
weather-tight and rodent-proof. A hatchway can be 
inspected by standing at the lower portion with the doors 
closed; if daylight can be seen, the door needs to be 
sealed or repaired.

Vapor Barriers
Crawl Space Vapor Barriers
Throughout the United States, even in desert areas, there 
is moisture in the ground from groundwater being 
absorbed. Even in an apparently dry crawl space, a large 
amount of water is entering. The moisture is drying out 
as fast as it is entering, which causes high moisture levels 
in the crawl space and elsewhere in the house. A solid 
vapor barrier is recommended in all crawl spaces and 
should be required if moisture problems exist [10]. This 
vapor barrier, if properly installed, also reduces the infil-
tration of radon gas. Of course, if the moisture is coming 
from above ground, a vapor barrier will collect and hold 
the moisture. Therefore, any source of moisture must be 
found and eliminated. The source may be as obvious as 
sweating pipes, or may be more difficult to spot, such as 
condensation on surfaces. The solution can be as simple 
as applying insulation to exposed sections of the piping or 
complex enough to require power exhaust fans and the 
addition of insulation and vapor barriers. 

The more common causes of moisture problems in a new 
home are moisture trapped within the structure during 
construction and a continuing source of excess moisture 
from the basement, crawl space, or slab. To resolve this 
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House Framing
Many types of house-framing systems are found in 
various sections of the country; however, most framing 
systems include the elements described in this section.

Foundation Sills
The purpose of the sill is to provide support or a bearing 
surface for the outside walls of the building. The sill is 
the first part of the frame to be placed and rests directly 
on the foundation wall. It is often bolted to the founda-
tion wall by sill anchors. In many homes, metal straps are 
cemented into the foundation wall that are bent around 
and secured to the sill. It is good practice to protect the 
sill against termites by extending the foundation wall to 
at least 18 inches above the ground and using a noncor-
roding metal shield continuously around the outside top 
of the foundation wall.

Flooring Systems
The flooring system is composed of a combination of 
girders, joists, subflooring, and finished flooring that may 
be made up of concrete, steel, or wood. Joists are laid per-
pendicular to the girders, at about 16 inches on center, 
and the subflooring is attached to them. If the subfloor is 
wood, it may be nailed, glued, or screwed at either right 
angles or diagonally to the joists. Many homes are built 
with wood I-joists or trusses rather on than solid wood 
joists.

In certain framing systems, a girder supports the joists 
and is usually a larger section than the joists it supports. 
Girders are found in framing systems where there are no 
interior bearing walls or where the span between bearing 
walls is too great for the joists. The most common appli-
cation of a girder is to support the first floor. Often a 
board known as a ledger is applied to the side of a wood 
girder or beam to form a ledge for the joists to rest upon. 
The girder, in turn, is supported by wood posts or steel 
“lally columns” that extend from the cellar or basement 
floor to the girder.

Studs
For years, wall studs were composed of wood and were 
2×4 inches; but, with the demand for greater energy effi-
ciency in homes, that standard no longer holds true. 
Frame studs up to 6 inches wide are used to increase the 
area available for placing insulation material. The increased 
size in the studs allow for larger spaces between joists.

There are now alternatives to conventional wood studs, 
specifically, insulated concrete forms, structural insulated 

panels, light-gauge steel, and combined steel and wood 
[11–13]. The advantages of light-gauge steel include the 
following: 

 • weighs 60% less than equivalent wood units and has 
greater strength and durability; 

 • is impervious to termites and other damage-causing 
pests; 

 • stays true and does not warp; 

 • is noncombustible; and 

 • is recyclable. 

The disadvantages of steel include these: 

 • steel is an excellent thermal conductor and requires 
additional external insulation; 

 • as a new product, it is unfamiliar to craftsmen, 
engineers, and code officials; and 

 • a different type of construction tools are required. 

The combined steel and wood framing system includes 
light-gauge steel studs with 6-inch wooden stud pieces 
attached to the top and bottom to allow easy attachment 
to traditional wood frame materials. 

There are two types of walls or partitions: bearing and 
nonbearing. A bearing wall is constructed at right angles 
to support the joists. A nonbearing wall, or partition, acts 
as a screen or enclosure; hence, the headers in it are often 
parallel to the joists of the floor above.

In general, studs, like joists, are spaced 16 inches on cen-
ter. In light construction, such as garages and summer 
cottages, wider spacing on studs is common.

Openings for windows or doors must be framed in studs. 
This framing consists of horizontal members (headers) 
and vertical members (trimmers or jack studs). 

Because the vertical spaces between studs can act as flues 
to transmit flames in the event of a fire, fire stops are 
important in preventing or retarding fire from spreading 
through a building by way of air passages in walls, floors, 
and partitions. Fire stops are wood obstructions placed 
between studs or floor joists to block fire from spreading 
in these natural flue spaces.

Interior Walls
Many types of materials are used for covering interior 
walls and ceilings, but the principal type is drywall. The 
generic term “drywall” is typically used when talking 
about gypsum board. It is also called wallboard or referred 
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to by the brand name Sheetrock. Gypsum board is a sheet 
material composed of a gypsum filler faced with paper. In 
drywall construction, gypsum boards are fastened to the 
studs either vertically or horizontally and then painted. 
The edges along the length of the sheet are slightly 
recessed to receive joint cement and tape.

Drywall finish, composed of gypsum board, is a material 
that requires little, if any, wait for application. Other dry-
wall finishes include plywood, fiberboard, or wood in 
various sizes and forms. Plaster was once quite popular 
for interior walls. Plaster is a mixture (usually of lime, 
sand, and water) applied in two or three coats to lath to 
form a hard-wall surface. A plaster finish requires a base 
on which plaster can be spread. Wood lath at one time 
was the plaster base most commonly used, but today gyp-
sum-board lath is more popular. Gypsum lath may be 
perforated to improve the bond and thus lengthen the 
time the plaster can remain intact when exposed to fire. 
Building codes in some cities require that gypsum lath be 
perforated. Expanded-metal lath also may be used as a 
plaster base. Expanded-metal lath consists of sheet metal 
slit and expanded to form openings to hold the plaster. 
Plaster is applied over the base to a minimum thickness 
of ½ inch. Because wood-framing members may dry after 
the house is completed, some shrinkage can be expected, 
which, in turn, may cause plaster cracks to develop 
around openings and in corners. Strips of lath embedded 
in the plaster at these locations prevent cracks. Bathrooms 
have unique moisture exposure problems and local code 
approved cement board should be used around bath and 
shower enclosures.

Stairways
The purpose of stairway dimension standards is to ensure 
adequate headroom and uniformity in riser and tread size.

Interior stairways (Figure 6.5) should be no less than 44 
inches wide. The width of a stairway may be reduced to 
36 inches when permitted by local or state code in one- 
and two-family dwellings. Stairs with closed risers should 
have maximum risers of 8¼ inches and minimum treads 
of 9 inches plus 1 inch nosing. Basement stairs are often 
constructed with open risers. These stairs should have 
maximum risers of 8¼ inches and minimum treads of 9 
inches plus 1-inch nosing. The headroom in all parts of 
the stair enclosure should be no less than 80 inches. 
Dimensions of exterior stairways should be the same as 
those of interior stairways, except that the headroom 
requirement does not apply.

Staircases should have handrails that are between 1¼ and 
25/8 inches wide, particularly if the staircases have more 
than four steps. Handrails should be shaped so they can 
be readily grasped for safety and placed so they are easily 
accessible. Handrails should be 4⅛ inches from the wall 
and be 34 to 38 inches above the leading edge of the 
stairway treads. Handrails should not end in any manner 
or have projections that can snag clothing. 

Windows
The six general classifications of windows (Figure 6.6) are 
as follows [1]:

 • Double-hung sash windows that move up or down, 
balanced by weights hung on chains, ropes, or springs 
on each side;

 • Casement sash windows that are hinged at the side and 
can be hung so they will swing out or in; 

 • Awning windows that usually have two or more glass 
panes that are hinged at the top and swing out 
horizontally; 

 • Sliding windows that usually have two or more glass 
panes that slide past one another on a horizontal track; 

 • Fixed windows that are generally for increased light 
entry and decorative effect; and

 • Skylight windows for increased room illumination and 
decoration that can be built to open.

Figure 6.5. Interior Stairway [4]
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The principal parts of a 
window, shown in three-
dimensional view in 
Figure 6.7 and face-on and 
side view in Figure 6.8, are 
the following: 

Drip cap— A separate 
piece of wood projecting 
over the top of the win-
dow; a component of the 
window casing. The drip 
cap protects against 
moisture.

Window trough— The 
cut or groove in which the 
sash of the window slides 
or rests. 

Window sill— The shelf 
on the bottom edge of a 
window, either a project-
ing part of the window 
frame or the bottom of 
the wall recess that the 
window fits into. The sill 
contains the trough and 
protects against moisture. 

Recent technological advancements— new materials, 
coatings, design, and construction features— make it pos-
sible to choose windows that allow you to balance winter 
heating and summer cooling needs without sacrificing 
versatility or style. To ensure that windows, doors, or sky-
lights selected are appropriate for the region in which 
they are to be installed, Energy Star Certification labels 
include a climate region map.

Some window glass is made of tempered glass to resist 
breakage. Some windows are made of laminated glass, 
which resists breakage, but if broken produces glass 
shards too small to cause injury [14]. The glazing, or 
glass, can be a solid glass sheet (single glazed) or have two 
layers of glass (double glazed) separated by a spacer. Air 
trapped between the glass layers provides some insulation 
value. Triple-glazed windows have three pieces of glass, or 
two layers of glass with a low emissivity film suspended 
between them. Triple-glazed windows have advantages 
where extremes in weather and temperature are the norm. 
They also can reduce sound transmission to a greater 
degree than can single- or double-glazed windows.

Figure 6.8. Window Details [3]

Figure 6.6. Classifications of Windows [1]

Figure 6.7. Three Dimensional View of a Window [1]
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becomes difficult to lift and lower. This may be some-
thing that can be resolved with simple adjustments, or it 
may be more serious. If the door is connected to an elec-
tric opener, the opener mechanism can be disconnected 
from the door by pulling the release cord or lever. If the 
door then works manually, the problem is with the elec-
tric opener. A door that seems unusually hard to lift may 
have a problem with spring tension. Wood doors should 
be properly painted or stained both outside and inside. If 
only the outside of a garage door is finished, the door 
may warp and moisture may cause the paint to peel.

Rules issued by the Consumer Product Safety 
Commission on December 3, 1992, specify entrapment 
protection requirements for garage doors [15]. 

The rules require that residential garage door openers 
contain one of the following: 

 • An external entrapment protection device, such as an 
electric eye that sees an object obstructing the door 
without having actual contact with the object. A 
door-edge sensor is a similar device. The door-edge 
sensor acts much like the door-edge sensors on elevator 
doors.

 • A constant contact control button, which is a 
wall-mounted button requiring a person to hold in the 
control button continuously for the door to close 
completely. If the button is released before the door 
closes, the door reverses and opens to the highest 
position. 

 • A sticker on all newly manufactured garage door 
openers warning consumers of the potential entrapment 
hazard. The sticker is to be placed near the 
wall-mounted control button. 

The variety of exterior door systems has increased signifi-
cantly over the past 5 to 10 years. Many combine several 
different materials to make a realistic, if not actual wood, 
door that provides both beauty and enhanced security.

Exterior House Doors
Exterior door frames are ordinarily of softwood plank, 
with the side rabbitted to receive the door in the same 
way as casement windows. At the foot is a sill, made of 
hardwood or other material, such as aluminum, to with-
stand the wear of traffic and sloped down and out to shed 
water. Doors often come equipped with door sweeps to 
conserve energy. 

The four primary categories of modern exterior doors are 
steel, fiberglass, composites, and wood.

Doors

There are many styles of doors both for exterior and inte-
rior use. Exterior doors must, in addition to offering pri-
vacy, protect the interior of the structure from the 
elements. Various parts of a door are the same as the cor-
responding parts of a window. A door’s function is best 
determined by the material from which it is made, how it 
looks, and how it operates. When doors are used for secu-
rity, they are typically made from heavy materials and 
have durable, effective locks and hinges. A door that lets 
in light or allows people to look out onto the yard, such 
as a sliding glass door or a french door, will have multiple 
panes (also called lights) or be made almost completely of 
glass.

Houses have many exterior and interior door options. 
Exterior doors are typically far sturdier than interior 
doors and need to be weather tight and ensure security 
for the home. Exterior doors are also more decorative 
than most interior doors and may cost a considerable 
amount. Typical exterior doors include front entry doors, 
back doors, french doors, dutch doors, sliding glass doors, 
patio doors, and garage doors.

French doors and sliding doors are examples of the two 
primary ways doors open. French doors swing on hinges; 
sliding doors glide along a track. Some doors, such as 
dutch doors, have tops and bottoms that swing open 
independently.

Most doors are made of wood or materials made to look 
like wood. Fiberglass composite and steel doors often 
have polymer or vinyl coatings embossed with wood 
grain; some even have cellulose-based coatings that can be 
stained like wood doors. Wood doors are made from 
every kind of wood imaginable, hardwoods being the 
most durable and elegant. Wood doors insulate better 
than glass; composite and steel doors provide even more 
insulation and durability, as well as better security than 
does wood.

Garage Doors
Garage doors open in almost any configuration needed 
for the design of the home. Installing most garage doors 
is complex and dangerous enough that only a building 
professional should attempt it. Garage doors often 
include very strong springs that can come loose and 
severely injure the unsuspecting installer. Garage door 
springs are under extreme tension because of the heavy 
loads they must lift, which makes them dangerous to 
adjust. A garage door may suffer from any of several 
problems. The most common problem is that the door 
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Steel— The most common exterior door sold today is 
steel. Humidity will not cause a steel door to warp or 
twist. Steel doors often have synthetic wood-grain 
embossed finishes that accept stain. Just about every steel 
exterior door is filled with some type of foam. This foam 
allows the doors to achieve R-values almost five times 
that of an ordinary wood door. Metal is often used as a 
veneer frame. In general, the horizontal members are 
called rails and the vertical members are called stiles. 
Every door has a top and bottom rail, and some may have 
intermediate rails. There are always at least two stiles, one 
on each side of the door.

Fiberglass— The second most frequently selected exterior 
door is fiberglass. Fiberglass doors are similar to steel 
doors, but tend to be much more resistant to denting. 
(Steel doors can be dented quite easily.) Fiberglass doors 
also are stainable and have rich, realistic wood graining. 
Fiberglass doors are insulated with foam and have high 
R-values.

Composite materials— The third most common exterior 
door is made of composite materials. These doors often 
are of two materials blended together. Their composite 
fiber-reinforced core can be twice as strong as wood. This 
composite core will not rot, warp, or twist when sub-
jected to high levels of humidity.

Wood— The last major category of doors is wood. Solid 
wood doors range from inexpensive to true works of art. 
Their downside is that they can warp and bow if not 
sealed properly from humidity and will then fit poorly in 
their frames. 

Other types of wooden doors are described below.

 • Batten doors are often found on older homes. They 
are made of boards nailed together in various ways. 
The simplest is two layers nailed to each other at right 
angles, usually with each layer at 45° to the vertical. 
Another type of batten door consists of vertical boards 
nailed at right angles to several (two to four) cross 
strips called ledgers, with diagonal bracing members 
nailed between the ledgers. If vertical members 
corresponding to ledgers are added at the sides, the 
verticals are called frames. Batten doors are often 
found in cellars and other places where appearance is 
not a factor and economy is desired.

 • Solid flush doors are perfectly flat, usually on both 
sides, although occasionally they are made flush on 
one side and are paneled on the other. Flush doors 
sometimes are solid planking, but they are commonly 

veneered and possess a core of small pieces of white 
pine or other wood. These pieces are glued together 
with staggered end joints. Along the sides, top, and 
bottom are glued ¾ inch edge strips of the same 
wood, used to create a smooth surface that can be cut 
or planed. The front and back faces are then covered 
with a ⅛-inch to ¼-inch layer of veneer. Solid flush 
doors may be used on both the interior and exterior.

 • Hollow-core doors, like solid flush doors, are 
perfectly flat; but, unlike solid doors, the core consists 
mainly of a grid of crossed wooden slats or some other 
type of grid construction. Faces are three-ply plywood 
instead of one or two plies of veneer, and the surface 
veneer may be any species of wood, usually hardwood. 
The edges of the core are solid wood and are made 
wide enough at the appropriate places to accommodate 
locks and butts. Doors of this kind are considerably 
lighter than solid flush doors. Hollow-core doors are 
usually used as interior doors.

Many doors are paneled, with most panels consisting of 
solid wood or plywood, either raised or flat, although 
exterior doors frequently have one or more panels of 
glass. One or more panels may be used, although some 
have as many as nine panels. Paneled doors may be used 
both on the interior or exterior.

The frame of a doorway is the portion to which the door 
is hinged. It consists of two side jambs and a head jamb, 
with an integral or attached stop against which the door 
closes.

Roof Framing
Rafters
One of a series of structural roof members spanning from 
an exterior beam or a ridge board. Rafters serve the same 
purpose for the roof as joists do for floors, that is, provid-
ing support for sheathing and roofing material. They are 
typically placed on 16-inch centers. 

Collar Beam
Collar beams are ties between rafters on opposite sides of 
the roof. If the attic is to be used for rooms, the collar 
beam may double as the ceiling joist. 

Purlin
A purlin is the horizontal member that forms the support 
for the rafters at the intersection of the two slopes of a 
gambrel roof.
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Ridge Board
A ridge board is a horizontal member that forms a lateral 
tie to make rafters secure.

Hip
A hip is like a ridge, except that it slopes. It is the intersec-
tion of two adjacent, rather than two opposite, roof planes.

Roof Sheathing
The manner in which roof sheathing is applied depends 
upon the type of roofing material. Roof boards may vary 
from tongue-and-groove lumber to plywood panels.

Dormer
The term “dormer window” is applied to all windows in 
the roof of a building, whatever their size or shape.

Roofs
Asphalt Shingle
The principal damage to asphalt shingle roofs is caused 
by strong winds on shingles nailed close to the ridge line 
of the roof. Usually the shingles affected by winds are 
those in the four or five courses nearest the ridge and in 
the area extending about 5 feet down from the edge or 
rake of the roof.

EPDM 
Ethylene propylene diene monomer (EPDM) is a single-
ply roofing system. EPDM allows extreme structural 
movement without splitting or cracking and retains its 
pliability in a wide range of temperatures.

Asphalt Built-up Roofs
Asphalt roofs may be unsurfaced (a coating of bitumen 
being exposed directly to the weather) or surfaced (with 
slag or gravel embedded in the bituminous coating). 
Using surfacing material is desirable as a protection 
against wind damage and the elements. This type of roof 
should have enough pitch to drain water readily.

Coal Tar Pitch Built-up Roofs
This type of roof must be surfaced with slag or gravel. A 
coal tar pitch built-up roof should always be used on a 
deck pitched less than ½ inch per foot; that is, where 
water may collect and stand. This type of roof should be 
inspected on completion, 6 months later, and then at 
least once a year, preferably in the fall. When the top 
coating of bitumen shows damage or has become badly 
weathered, it should be renewed.

Slate Roofs
The most common problem with slate roofs is the 
replacement of broken slates. Otherwise, slate roofs nor-
mally render long service with little or no repair.

Tile Roofs
Replacement of broken shingle tiles is the main mainte-
nance problem with tile roofs. This is one of the most 
expensive roofing materials. It requires very little mainte-
nance and gives long service.

Copper Roofs
Usually made of 16-ounce copper sheeting and applied to 
permanent structures, copper roofs require practically no 
maintenance or repair when properly installed. Proper 
installation allows for expansion and contraction with 
changes in temperature.

Galvanized Iron Roofs
The principal maintenance for galvanized iron roofs 
involves removing rust and keeping the roof well painted. 
Leaks can be corrected by renailing, caulking, or replacing 
all or part of the sheet or sheets in disrepair. 

Wood Shingle Roofs
The most important factors of wood shingle roofs are 
their high pitch and exposure, the character of wood, the 
kind of nails used and the preservative treatment given 
the shingles. At one time these roofs were treated with 
creosote and coal tar preservatives. Because they are made 
from a flammable material, insurance companies fre-
quently have higher rates for wood shingle roofs.

Roof Flashing
Valleys in roofs (such as gambrel roofs, which have two 
pitches designed to provide more space on upper floors 
and are steeper on their lower slope and flatter toward the 
ridge) that are formed by the junction of two downward 
slopes may be open or closed. In a closed valley, the 
slates, tiles, or shingles of one side meet those of the 
other, and the flashing below them may be comparatively 
narrow. In an open valley, the flashing, which may be 
made of zinc, copper, or aluminum, is laid in a continu-
ous strip, extending 12 to 18 inches on each side of the 
valley, while the tiles or slates do not come within 4 to 6 
inches of it. The ridges built up on a sloping roof where 
it runs down against a vertical projection, like a chimney 
or a skylight, should be weatherproofed with flashing. 
Failure of roof flashing is usually due to exposed nails 
that have come loose. The loose nails allow the flashing 
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to lift, resulting in leakage. Flashings made of lead or 
coated with lead should not be used. 

The use of a thin, self-sticking rubber ice and water 
shield under flashings and on the edge of roofs is now 
common practice. The shield helps reduce leakage and 
ice backup in cold climates, preventing serious damage 
to this part of the home. 

Gutters and Leaders
Gutters and leaders should be of noncombustible mate-
rials and should not be made of lead, lead-coated copper, 
or any other formulation containing lead. They should 
be securely fastened to the structure and spill into a 
storm sewer, not a sanitary sewer, if the neighborhood 
has one. When there is no storm sewer, a concrete or 
stone block placed on the ground beneath the leader 
prevents water from eroding the lawn. This stone block 
is called a splash block. Gutters should be checked every 
spring and fall and cleaned when necessary. Gutters must 
be placed or installed to ensure that water drainage is 
taken away from the foundation of the house. Soil 
around the home should be graded in a manner that also 
drains the water away from the foundation of the home.

Exterior Walls  
and Trim
Exterior walls are enclo-
sure walls whose purpose 
is not only to make the 
building weather tight, 
but to also allow the 
building to dry out. In 
most one- to three-story 
buildings they also serve 
as bearing walls. These 
walls may be made of 
many different materials 
(Figure 6.9). 

Brick is often used to 
cover framed exterior 
walls. In this situation, 
the brick is only one 
course thick and is called 
a brick veneer. It sup-
ports nothing but itself 
and is kept from top-
pling by ties connected 
to the frame wall. 

In frame construction, the base material of the exterior 
walls is called sheathing. The sheathing material may be 
square-edge, shiplap, tongue-and-groove boards, or ply-
wood or oriented strand board (OSB). Sheathing, in 
addition to serving as a base for the finished siding mate-
rial, stiffens the frame to resist sway caused by wind. It is 
for this reason that sheathing is applied diagonally on 
frame buildings. Its role is to brace the walls effectively 
to keep them from racking.

Many types of sidings, shingles, and other exterior cover-
ings are applied over the sheathing. Vinyl siding; wood 
siding; brick, cedar, and other wood shingles or shakes; 
asphalt; concrete; clapboard; common siding (called 
bevel siding); composition siding; cement shingles; fiber 
cement (e.g., Hardiplank); and aluminum siding are 
commonly used for exterior coverings. In older homes, 
asbestos-cement siding shingles can still be found as an 
exterior application or underneath various types of alu-
minum or vinyl siding. 

Clapboard and common siding differ only in the length 
of the pieces. Composition siding is made of felt, grit, 
and asphalt, which are often shaped to look like brick. 
Asbestos and cement shingles, which were used until the 
early 1970s, are rigid and produce a siding that is fire-
resistant, but also a health hazard. Cedar wood shingles 
and aluminum are manufactured with a backer board 
that gives insulation and fire-resistant qualities. Vinyl 
 siding is manufactured from polyvinyl chloride (PVC),  
a building material that has replaced metal as the prime 
material for many industrial, commercial, and consumer 
products. PVC has many years of performance as a con-
struction material, providing impact-resistance, rigidity, 
and strength. The use of vinyl siding is not without con-
troversy, because PVC is known to cause cancer in 
humans. Accidental fires in vinyl-sided buildings are 
more dangerous because vinyl produces toxic vapors 
when heated.

Putting It All Together
The next section shows a home being built by Habitat 
for Humanity. 

This small, one-family home represents all of the pro-
cesses that would also be used for a far more expensive 
and elaborate dwelling. The homebuilding demonstrated 
by the following pictures was by an industrial arts class 
to educate and train a new generation of construction 
specialists and homebuilders. 

Figure 6.9. Wall Framing [4]
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A. 

The foundation trench for a new home has horizontal 
metal rods, also called reinforcement rods or rebar, to 
increase the strength of the concrete. After the concrete 
hardens, a perforated pipe 4 to 6 inches in diameter is 
placed beside it to collect water and allow it to drain 
away from the foundation. This pipe is the footing 
drain, and the poured concrete beside it is the footer. 
The footing drain is important in removing water from 
the base of the home. It also serves the secondary 
purpose of moisture control in the home and provides a 
venting route for radon gas. The holes dug near the legs 
of the workers will be filled with concrete and form the 
footer that will hold up the porch of the home. 

To assist in preventing capillary action from wicking 
water from the foundation to the wooden structure, 
a polyethylene sheet is placed over the footer before 
pouring the concrete foundation, or building a 
cinderblock foundation.

B. 

The concrete on top of the footer is leveled to establish 
a surface for the foundation of the home. Once the 
footer has hardened, the perforated drainage pipe will 
be laid on the outside of the poured foundation wall. 
The reinforcing rods were positioned in the trench 
before pouring the concrete.

C. 

Concrete will be poured into this form on top of the 
footer to create the foundation of the home. Again, 
reinforcing rods are added to ensure that the concrete 
has both lateral strength, as well as the strength to 
support the home. Once the concrete has hardened 
and becomes seasoned, the forms will be removed to 
reveal the finished poured concrete foundation over 
the perforated drainage pipe. Not shown is a newer 
technique of using insulating polystyrene forms and ties 
in a building foundation.
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E. 

Gravel fill is placed outside the finished poured concrete 
foundation. This ensures that moisture does not stand 
around the foundation for any time. The moisture is 
routed to the footing drain for fast dispersal.

F. 

A termite shield is established on top of the concrete 
wall (foundation) just below the sill of the home. The 
sill is typically made of pressure- and insecticide-treated 
wood to ensure stability and long life. 

A cinderblock foundation will be used to support the 
storage shed attached to the house. Note the potential 
for inadvertent sabotage of the termite shield if a 
shield is not installed on the top of the cinder block 
foundation. 

G. 

OSB subfloor, the joist supporting the floor, and the 
metal bridging that is used to keep the joist from 
twisting can be seen from the crawl space under the 
home.

If the material used for the flooring or external 
sheathing of the home is made of plywood or a 
composition that is not waterproof, the material must 
be protected from rain to prevent deterioration and 
germination of mold spores. Some glues or resins 
release toxic vapors for years if deterioration is allowed 
to begin.

D. 

Foundations are not always poured concrete, but are 
often cinderblock or similar materials that are cemented 
in place to form the load-bearing wall. The arrow 
shows the concrete chute delivering concrete into the 
form. Long poles are pushed into the freshly poured 
concrete to remove air pockets that would weaken the 
foundation. 

Care must be taken to ensure that the forms are 
appropriately supported before pouring the concrete. 
Often tar, plastic, or other waterproof materials are 
placed on the outside of the foundation to the ground 
level to further divert moisture from the house to the 
footing drains.
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H. 

The flooring material of the first floor of the home is 
OSB applied to the subfloor with both glue and wood 
screws. Where possible, the screws should extend into 
the subfloor and the joist below the subfloor to prevent 
squeaking.

J. 

The exterior wall framing is composed of studs that 
are 2x6-inch boards. The horizontal member extending 
from one exterior wall to the other is called a girder 
and is a prime support for the second floor of the home. 
The larger studs in the exterior wall are used both for 
greater strength and to provide greater energy efficiency 
for the home.

The lintels above the windows and doors distribute the 
weight of the second floor and roof across the studs 
that are located on each side of the openings in the 
frame.

K. 

The joists above the first floor are connected to the 
central girder of the home by steel brackets. These 
brackets provide a far more effective alternative than 
does toenailing nails to hold the joists in place or to 
notching the girder to hold them.

I. 

The interior wall framing is composed of studs 
traditionally referred to as 2×4s. The horizontal member 
at the top of the studs is called a girt or a ribbon. In 
this case the builders have used two 2×4s, placing 
one on top of the other. Because the outside walls 
have used studs that are 2×6-inch boards, the girts 
or ribbons on top of these are also double 2×6-inch 
boards.
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L. 

The subroof or roof sheathing is applied from the 
bottom up with temporary traction boards nailed to the 
subroof to allow safe installation of the material. 

The subroof is placed on the rafters up to the ridge 
board of the roof. A waterproof material will be added to 
the subroof before installing the final roofing material.

M. 

An interior wall is installed to create second-floor 
rooms. 

The subroof has been installed.

The exterior wood of the home has been covered with 
plastic sheathing or a housewrap to protect it from 
moisture.

N. 

Flashing material, such as sheet metal, is installed at 
critical locations to make sure that water does not enter 
the home where the joints and angles of a roof meet: 
where the dormer roof meets the roof and the walls of 
the dormer meet the roof, where windows penetrate the 
walls, where the vent stack penetrates the roof, where 
the porch roof meets the front wall, skylights, and eaves 
of the house.

O. 

A safety scaffold is standing at the rear of the home, 
and the final roofing material has been applied, in 
addition to the exterior vinyl siding.
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“The physician can bury his mistakes, but the architect can 
only advise his client to plant vines— so they should go as far 
as possible from home to build their first buildings.”

Frank Lloyd Wright 
New York Times, October 4, 1953

Introduction
Damaging moisture originates not only from outside a 
home; it is created inside the home as well. Moisture is 
produced by smoking; breathing; burning candles; wash-
ing and drying clothes; and using fireplaces, gas stoves, 
furnaces, humidifiers, and air conditioning. Leaks from 
plumbing, unvented bathrooms, dishwashers, sinks, 
 toilets, and garbage disposal units also create moisture 
problems because they are not always found before water 
damage or mold growth occurs. Figure 7.1 provides an 
overview of the sources of moisture and types of air pol-
lutants that can enter a home. 

Solving moisture problems is often expensive and time-
consuming. The first step is to do a moisture inventory to 
eliminate problems in their order of severity. Problems 
that are easiest and least expensive to resolve should be 
addressed first. For example, many basement leaks have 
been eliminated by making sure sump pumps and down-
spouts drain away from the house. On the other hand, 
moisture seeping though basement or foundation walls 
often is very expensive to repair. Eliminating such mois-
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Figure 7.1. Sources of Moisture and Air Pollutants [1]

ture is seldom as simple as coating the interior wall, but 
often requires expert consultation and excavating around 
the perimeter of the house to install or clean clogged 
footing drains. Sealing the outside of the basement walls 
and coating the exterior foundation wall with tar or other 
waterproofing compounds are often the only solutions to 
eliminate moisture. 

Moisture condensation occurs in both winter and sum-
mer. The following factors increase the probability of 
condensation: 

 • Homes that are ineffectively insulated and are not 
sealed against air infiltration in cold climates can result 
in major moisture problems.

 • Cool interior surfaces such as pipes, windows, tile 
floors, and metal appliances; air conditioner coils with 
poor outside drainage; masonry or concrete surfaces; 
toilet tanks; and, in the winter, outside walls and 
ceilings can result in moisture buildup from 
condensation. If the temperature of an interior surface 
is low enough to reach the dew point, moisture in the 
air will condense on it and enhance the growth of 
mold.

 • Dehumidifiers used in regions where outside humidity 
levels are normally 80% or higher have a moisture-
collecting tank that should be cleaned and disinfected 
regularly to prevent the growth of mold and bacteria. 
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It is best if dehumidifiers have a drain line 
continuously discharging directly to the outside or into 
a properly plumbed trap. This is also true in climates 
where air conditioning units are used on a full-time or 
seasonal basis. Their cooling pans provide an excellent 
environment for the growth of allergenic or pathogenic 
organisms.

 • Moisture removed from clothing by clothes driers ends 
up in the dryer vent if it is clogged by lint or 
improperly configured. Moisture buildup in this vent 
can result in mold growth and, if leakage occurs, 
damage to the structure of the home. The vent over 
the cooking area of the kitchen also should be checked 
routinely for moisture or grease buildup.

Roof
The control of moisture in a home is of paramount 
importance. It is no surprise that moisture control begins 
with the design and integrity of the roof. Many types of 
surfacing materials are used for roofs-stone, composition 
asphalt, plastic, or metal, for example. Some have rela-
tively short lives and some, such as slate and tile, have 
extraordinarily long lives. As in nearly all construction 
materials, tradeoffs must be made in terms of cost, ther-
mal efficiency, and longevity. However, all roofs have two 
things in common: the need to shed moisture and protect 
the interior from the environment.

When evaluating the roof of a home, the first thing to 
observe is the roofline against the sky to see if the roof ’s 
ridge board is straight and level. If the roofline is not 
straight, it could mean that serious deterioration has 
taken place in the structure of the home as a result of 

1. Is the roofline of the house straight?
2. Are there ripples or waves in the roof?
3. What is the condition of the gutters and downspouts?
4. What is the condition of the boards the gutters are attached to?
5. Does the flashing appear to be separated or damaged?
6. s there any apparent damage in the attic or can sunlight be seen through the roof?
7. Is there mold or discoloration on the rafters or roof sheathing?
8. Is there evidence of corrosion between the gutter and downspouts and any metal roofing or aluminum siding?
9. Do the downspouts route the water away from the base or foundation of the home?
10. Are the gutters covered or free of leaves? Are they sagging or separating from the fascia?
11. Does the gutter provide a mosquito-breeding area by holding water?

Roof Inspection

improper construction, weight buildup, a deteriorated or 
broken ridge beam, or rotting rafters. Whatever the cause, 
the focus of an inspection must be to locate the extent of 
the damage. 

The next area to inspect is around the flashing on the roof. 
Flashing is used around any structure that penetrates the 
surface of a roof or where the roofline takes another direc-
tion. These areas include chimneys, gas vents, attic vents, 
dormers, and raised and lowered roof surfaces. One of the 
best ways to locate a leak around flashing is to go into the 
attic and look carefully. Leaks often are discovered when it 
rains; but if it is not raining, the underside of the roof can 
be examined with the attic lights off for pinpoints of 
daylight. 

Roofing material should lay relatively flat and should not 
wave or ripple. The roof should be checked for missing or 
damaged shingles, areas where flashing should be installed, 
elevation changes in roof surfaces, and evidence of decom-
posing or displaced surfaces around the edge of the roof 
[1–3].

Insulation
A house must be able to breathe; therefore, air must not be 
trapped inside, but must be allowed to exit the home with 
its moisture. Moisture buildup in the home will lead to 
both mold and bacteria growth. Figure 7.2 demonstrates 
insulation blown into an attic, to a depth of approximately 
12 inches (Figure 7.3). Figure 7.4 shows the area extend-
ing from a house under the roof, known as the soffit. The 
soffit is perforated so that air can flow into the attic and 
up through the ridge vents to ventilate the attic. 
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If insulation is too thick or installed improperly, it restricts 
proper air turnover in the attic and moisture or extreme 
temperatures could result in mold or bacteria growth, as 
well as delamination of the plywood and particleboards 
and premature aging of the roof ’s subsurface and shingles. 

Care also must be taken in cold climates to ensure that 
the insulation has a vapor barrier and that it is installed 
face down. When insulation is placed in the walls of a 
home, a thin plastic vapor barrier should be placed over 
the insulation facing the inside of the home. The purpose 
of this vapor barrier is to keep moisture produced inside 
the house from compromising the insulation. If the bar-
rier is not installed, warm, moist air will move through 
the drywall and into the insulated wall cavity. When the 
air cools, moisture will condense on the fibers of the insu-
lation making it wet; and, if it is cellulose insulation, it 
will absorb and hold the moisture. Wetness reduces the 
effectiveness of the insulation and provides a favorable 
environment for the growth of bacteria and mold [4,5]. 

Siding
Good siding should be attractive, durable, insect- and ver-
min-resistant, waterproof, and capable of holding a 
weather-resistant coating. Fire-resistant siding and roofing 
are important in many areas where wildfires are common 
and are required by many local building codes. 

All exterior surfaces will eventually deteriorate, regardless 
of manufacturer warranties or claims. Leaks in the home 
from the outside occur in many predictable locations. The 
exterior siding or brick should be checked for cracks or 
gaps in protective surfaces. Where plumbing, air vents, 
electrical outlets, or communication lines extend through 
an exterior wall, they should be carefully checked to 

Figure 7.2. Blown Attic Insultation 

Figure 7.3. Depth of Attic Insulation 

Figure 7.4. Attic ventilation 

ensure an airtight seal around those openings. The exte-
rior surface of the home has doors, windows, and other 
openings. These openings should be caulked routinely, 
and the drainage gutters along the top should be checked 
to ensure that they drain properly.

Exterior surface materials include stucco, vinyl, asbestos 
shingles, brick, metal (aluminum), fiber cement, exterior 
plywood, hardwood, painted or coated wood, glass, and 
tile, some of which are discussed in this chapter [6,7].
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Stucco
Synthetic stucco (exterior insulation and finish system; 
EIFS) is a multilayered exterior finish that has been used 
in Europe since shortly after World War II, when contrac-
tors found it to be a good repair choice for buildings dam-
aged during the war. North American builders began using 
EIFS in the 1980s, first in commercial buildings, then as 
an exterior finish to wood frame houses.

EIFS has three layers:

 • Inner layer— foam insulation board secured to the 
exterior wall surface, often with adhesive;

 • Middle layer— a polymer and cement base coat 
applied to the top of the insulation, then reinforced 
with glass fiber mesh; and 

 • Exterior layer— a textured finish coat.

EIFS layers bond to form a covering that does not breathe. 
If moisture seeps in, it can become trapped behind the lay-
ers. With no place to go, constant exposure to moisture 
can lead to rot in wood and other vulnerable materials 
within the home. Ripples in the stucco could be a sign of 
a problem. On the surface it may look like nothing is 
wrong, but beneath the surface, the stucco may have 
cracked from settling of the house. With a properly 
installed moisture barrier, no moisture should be able to 
seep behind the EIFS, including moisture originating 
inside the home. Drains in the foundation can be designed 
to enable moisture that does seep in to escape. 

Other signs of problems are mold or mildew on the inte-
rior or exterior of the home, swollen wood around door 
and window frames, blistered or peeling paint; and 
cracked EIFS or cracked sealant.

Vinyl 
Standard vinyl siding is made from thin, flexible sheets of 
plastic about 2 mm thick, precolored and bent into shape 
during manufacturing. The sheets interlock as they are 
placed above one another. Because temperature and sun-
light cause vinyl to expand and contract, 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. 

Siding composed of either vinyl or aluminum will expand 
and contract in response to temperature change. This 
requires careful attention to the manufacturer’s specifica-
tions during application. Cutting the siding too short 
causes exposed surfaces when the siding contracts, result-
ing in moisture damage and eventual leakage. Even small 
cracks exposing the undersurface can create major damage.

Fiber Cement
Fiber cement siding is engineered composite-material 
products that are extremely stable and durable. Fiber 
cement siding is made from a combination of cellulose 
fiber material, cement and silica sand, water, and other 
additives. Fiber cement siding is fire resistant and useful 
in high-moisture areas.

The fiber cement mixture is formed into siding or individ-
ual boards, then dried and cured using superheated steam 
under pressure. The drying and curing process assures that 
the fiber cement siding has very low moisture content, 
which makes the product is stable— no warping or exces-
sive movement— and its surface good for painting.

Weight is a minor concern with fiber cement products: 
they weigh about 1½ times what comparably sized com-
posite wood products do. Other concerns relate to cutting 
fiber cement: cutting produces a fine dust with micro-
scopic silica fibers, so personal protective equipment (res-
pirator and goggles) are necessary. In addition, special 
tools are needed for cutting. 

Brick
Brick homes may seem on the surface to be nearly main-
tenance free. This is true in some cases, but, like all sur-
faces, brick also degrades. Although this degradation takes 
longer in brick than in other materials, repairing brick is 
complex and quite expensive. There are two basic types of 
brick homes. One is brick veneer, which is a thin brick set 
to the outside of a wooden stud wall. The brick is not 
actually the supporting wall. Brick veneer typically has the 
same pattern of bricks around the doors and windows; a 
true brick wall will have brick arches or heavy steel plates 
above the doors and other openings of the building. Some 
brick walls have wooden studs behind the brick to pro-
vide an area for insulation, plumbing, vents, and wiring. 
It is important that weep holes and flashing be installed 
in brick homes to control moisture. 

Improperly constructed building footers can result in 
major damage to the exterior brick surface of a home by 
allowing moisture, insects, and vermin to enter. A crack, 
such as the one in Figure 7.5, is an example of such a fail-
ure. This type of damage will require much more than 
just a mortar patch. Buildings constructed of concrete 

block also experience footer failure. 
The damage is reason to not skimp 
when installing and inspecting the 
footing and reinforces the need for 
appropriate concrete mix, rebar, and 
footing drains. 

Figure 7.5. Brick 
Structural Defect
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rent, it will gradually dissolve into ions in the electrolyte 
and, at the same time, produce electrons, which the least 
active (cathode) will receive through the metallic connec-
tion with the anode. The result is that the cathode will be 
negatively polarized and hence be protected against 
corrosion. 

Thus, less noble metals are more susceptible to corrosion. 
An example of protecting an appliance such as an iron-
bodied water heater would be to ensure that piping con-
nections are of similar material when possible and follow 
the manufacturer’s good practice and instructions on 
using dielectric (not conductors of electricity) unions [8].

Figure 7.6 shows examples of electrochemical kinetics in 
pipes that were connected to dissimilar metals.

Vinyl has some environmental and health concerns, as do 
most exterior treatments. Vinyl chloride monomer, of 
which polyvinyl chloride siding is made, is a strong car-
cinogen and, when heated, releases toxic gases and vapors. 
Under normal conditions, significant exposures to vinyl 
chloride monomer are unlikely. 

Asbestos
Older homes were often sided with composites contain-
ing asbestos. This type of siding was very popular in the 
early 1940s. It was heavily used through the 1950s and 
decreasingly used up until the early 1960s. The siding is 
typically white, although it may be painted. It is often 
about ¼-inch thick and very brittle and was sold in sec-
tions of about 12×18 inches. The composite is quite 
heavy and very slatelike in difficulty of application. As it 
ages, it becomes even more brittle, and the surface erodes 
and becomes powdery. This siding, when removed, must 
be disposed of in accordance with local, state, and federal 
laws regulating the disposal of asbestos materials. The 
workers and the site must be carefully managed and pro-
tected from contamination. The composite had several 
virtues as siding. It was quite resistant to fire, was not 
attractive to insects or vermin, provided very good insula-
tion, and did not grow mold readily. Because of its very 
brittle nature, it could be damaged by children playing 
and, as a result, often was covered later with aluminum 
siding. 

Metal
If metal siding is used, the mounting fasteners (nails or 
screws) must be compatible with the metal composition 
of the siding, or the siding or fasteners will corrode. This 
corrosion is due to galvanic response.

Galvanic response (corrosion) can produce devastating 
results that often are only noticed when it is too late. It 
should always be considered in inspections and is pre-
ventable in nearly all cases.

When two dissimilar metals, such as aluminum and steel, 
are coupled and subjected to a corrosive environment 
(such as air, water, salt spray, or cleaning solutions), the 
more active metal (aluminum) becomes an anode and 
corrodes through exfoliation or pitting. This can happen 
with plumbing, roofing, siding, gutters, metal venting, 
and heating and air conditioning systems. 

When two metals are electrically connected to each other 
in a conductive environment, electrons flow from the 
more active metal to the less active because of the differ-
ence in the electrical potential, the so-called “driving 
force.” When the most active metal (anode) supplies cur-

Figure 7.6. Corrosion in Piping Resulting From Galvanic Response

Use like metals when possible

Use metals with similar electronegativity levels

Use dielectric unions for plumbing

Use anodes that are inexpensive to replace

Remember: Use metals with less susceptibility to protect 
metals that are more susceptible to corrosion.

Metal Corrosion Prevention
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“We never know the worth of water till the well is dry.”

Thomas Fuller 
Gnomologia, 1732

Introduction
One of the primary differences between rural and urban 
housing is that much infrastructure that is often taken for 
granted by the urban resident does not exist in the rural 
environment. Examples range from fire and police protec-
tion to drinking water and sewage disposal. This chapter 
is intended to provide basic knowledge about the sources 
of drinking water typically used for homes in the rural 
environment. It is estimated that at least 15% of the pop-
ulation of the United States is not served by approved 
public water systems. Instead, they use individual wells 
and very small drinking water systems not covered by the 
Safe Water Drinking Act (SDWA); these wells and sys-
tems are often untested and contaminated [1]. Many of 
these wells are dug rather than drilled. Such shallow 
sources frequently are contaminated with both chemicals 
and bacteria. Figure 8.1 shows the change in water supply 
source in the United States from 1970 to 1990. 
According to the 2003 American Housing Survey, of the 
105,843,000 homes in the United States, water is pro-
vided to 92,324,000 (87.2%) by a public or private busi-
ness; 13,097,000 (12.4%) have a well (11,276,000 
drilled, 919,000 dug, and 902,000 not reported) [3].

Water Sources
The primary sources of drinking water are groundwater 
and surface water. In addition, precipitation (rain and 
snow) can be collected and contained. The initial quality 
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Figure 8.1. U.S. Water Supply by Source [2]

of the water depends on the source. Surface water (lakes, 
reservoirs, streams, and rivers), the drinking water source 
for approximately 50% of our population, is generally of 
poor quality and requires extensive treatment. 
Groundwater, the source for the other approximately 50% 
of our population, is of better quality. However, it still 
may be contaminated by agricultural runoff or surface 
and subsurface disposal of liquid waste, including leachate 
from solid waste landfills. Other sources, such as spring 
water and rain water, are of varying levels of quality, but 
each can be developed and treated to render it potable. 

Most water systems consist of a water source (such as a 
well, spring, or lake), some type of tank for storage, and a 
system of pipes for distribution. Means to treat the water 
to remove harmful bacteria or chemicals may also be 
required. The system can be as simple as a well, a pump, 
and a pressure tank to serve a single home. It may be a 
complex system, with elaborate treatment processes, mul-
tiple storage tanks, and a large distribution system serving 
thousands of homes. Regardless of system size, the basic 
principles to assure the safety and potability of water are 
common to all systems. Large-scale water supply systems 
tend to rely on surface water resources, and smaller water 
systems tend to use groundwater. 

Groundwater is pumped from wells drilled into aquifers. 
Aquifers are geologic formations where water pools, often 
deep in the ground. Some aquifers are actually higher 
than the surrounding ground surface, which can result in 
flowing springs or artesian wells. Artesian wells are often 
drilled; once the aquifer is penetrated, the water flows 
onto the surface of the ground because of the hydrologic 
pressure from the aquifer.
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SDWA defines a public water system as one that provides 
piped water to at least 25 persons or 15 service connec-
tions for at least 60 days per year. Such systems may be 
owned by homeowner associations, investor-owned water 
companies, local governments, and others. Water not 
from a public water supply, and which serves one or only 
a few homes, is called a private supply. Private water sup-
plies are, for the most part, unregulated. Community 
water systems are public systems that serve people year-
round in their homes. The U.S. Environmental 
Protection Agency (EPA) also regulates other kinds of 
public water systems-such as those at schools, factories, 
campgrounds, or restaurants-that have their own water 
supply. 

The quantity of water in an aquifer and the water pro-
duced by a well depend on the nature of the rock, sand, 
or soil in the aquifer where the well withdraws water. 
Drinking water wells may be shallow (50 feet or less) or 
deep (more than 1,000 feet). 

On average, our society uses almost 100 gallons of drink-
ing water per person per day. Traditionally, water use rates 
are described in units of gallons per capita per day (gal-
lons used by one person in 1 day). Of the drinking water 
supplied by public water systems, only a small portion is 
actually used for drinking. Residential water consumers 
use most drinking water for other purposes, such as toilet 
flushing, bathing, cooking, cleaning, and lawn watering. 

The amount of water we use in our homes varies during 
the day: 

 • Lowest rate of use— 11:30 pm to 5:00 am,

 • Sharp rise/high use— 5:00 am to noon (peak hourly 
use from 7:00 am to 8:00 am),

 • Moderate use— noon to 5:00 pm (lull around 3:00 
pm), and 

 • Increasing evening use— 5:00 pm to 11:00 pm 
(second minor peak, 6:00 pm to 8:00 pm). 

Source Location
The location of any source of water under consideration 
as a potable supply, whether individual or community, 
should be carefully evaluated for potential sources of con-
tamination. As a general practice, the maximum distance 
that economics, land ownership, geology, and topography 
will allow should separate a water source from potential 
contamination sources. Table 8.1 details some of the 
sources of contamination and gives minimum distances 
recommended by EPA to separate pollution sources from 
the water source.

Water withdrawn directly from rivers, lakes, or reservoirs 
cannot be assumed to be clean enough for human con-
sumption unless it receives treatment. Water pumped 
from underground aquifers will require some level of 
treatment. Believing surface water or soil-filtered water 
has purified itself is dangerous and unjustified. Clear 
water is not necessarily safe water. To assess the level of 
treatment a water source requires, follow these steps:

 • Determine the quality needed for the intended 
purpose (drinking water quality needs to be evaluated 
under the SDWA).

 • For wells and springs, test the water for bacteriologic 
quality. This should be done with several samples 
taken over a period of time to establish a history on 
the source. With few exceptions, surface water and 
groundwater sources are always presumed to be 
bacteriologically unsafe and, as a minimum, must be 
disinfected.

 • Analyze for chemical quality, including both legal 
  (primary drinking water) standards and aesthetic 
 (secondary) standards.

 • Determine the economical and technical restraints 
(e.g., cost of equipment, operation and maintenance 
costs, cost of alternative sources, availability of power).

 • Treat if necessary and feasible.

Pollution Source Minimum Surface Distance From Well
Septic tank 50 feet

Livestock yard silos
Septic leach fields

50 feet

Petroleum tanks
Liquid-tight manure storage
Pesticide and fertilizer storage and handling

100 feet

Manure stacks 250 feet

Table 8.1. Recommended Minimum Distance Between Well and Pollution Sources (Horizontal Distance) [1]
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Well Construction
Many smaller communities obtain drinking water solely 
from underground aquifers. In addition, according to the 
last census with data on water supply systems, 15% of 
people in the United States are on individual water sup-
ply systems. In some sections of the country, there may 
be a choice of individual water supply sources that will 
supply water throughout the year. Some areas of the 
country may be limited to one source. The various 
sources of water include drilled wells, driven wells, jetted 
wells, dug wells, bored wells, springs, and cisterns. Table 
8.2 provides a more detailed description of some of these 
wells.

Regardless of the choice for a water supply source, special 
safety precautions must be taken to assure the potability 
of the water. Drainage should be away from a well. The 
casings of the well should be sealed with grout or some 
other mastic material to ensure that surface water does 
not seep along the well casing to the water source. In 
Figure 8.2, the concrete grout has been reinforced with 
steel and a drain away from the casing has been provided 
to assist in protecting this water source. Additionally, 
research suggests that a minimum of 10 feet of soil is 
essential to filter unwanted biologic organisms from the 
water source. 

However, if the area of well construction has any sources 
of chemical contamination nearby, the local public health 
authority should be contacted. In areas with karst topog-
raphy (areas characterized by a limestone landscape with 
caves, fissures, and underground streams), wells of any 
type are a health risk because of the long distances that 
both chemical and biologic contaminants can travel. 

When determining where a water well is to be located, 
several factors should be considered:

 • the groundwater aquifer to be developed, 

 • depth of the water-bearing formations, 
Figure 8.2. Cross Section of a Driven Well

 • the type of rock formations that will be encountered, 

 • freedom from flooding, and 

 • relation to existing or potential sources of 
contamination. 

The overriding concern is to protect any kind of well 
from pollution, primarily bacterial contamination. 
Groundwater found in sand, clay, and gravel formations 
is more likely to be safer than groundwater extracted 
from limestone and other fractured rock formations. 
Whatever the strata, wells should be protected from

 • surface water entering directly into the top of the well, 

 • groundwater entering below ground level without 
 filtering through at least 10 feet of earth, and 

 • surface water entering the space between the well 
 casing and surrounding soil.

Also, a well should be located in such a way that it is 
accessible for maintenance, inspection, and pump or pipe 
replacement when necessary. Driven wells (Figure 8.2) are 
typically installed in sand or soil and do not penetrate 
base rock. They are, as a result, hammered into the 

Type of Well Depth, in Feet Diameter Suitable Geologic Formations
Dug 0–50 typically 

less than 25
3 to 20 feet Suitable in clay, silt, sand, gravel, and soft fractured limestone

Bored 0–100 2 to 30 inches Clay, silt, sand, gravel, boulders less than well diameter, soft 
sandstone, and fractured limestone

Driven 0–50 1.25 to 2 
inches

Clay, sand, silt, fine gravel, and thin layers of sandstone

Drilled (rotary type) 0–1,000 4 to 24 inches Same as above with percussion type drilling

Table 8.2. Types of Wells for Accessing Groundwater, Well Depths, and Diameters
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and another pulling the dirt from the hole with a rope, 
pulley, and bucket. Of course, this required a hole of 
rather large circumference, with the size increasing the 
potential for leakage from the surface. The dug well also 
was traditionally quite shallow, often less than 25 feet, 
which often resulted in the water source being contami-
nated by surface water as it ran through cracks and crev-
ices in the ground to the aquifer. Dug wells provide 
potable water only if they are properly located and the 
water source is free of biologic and chemical contamina-
tion. The general rule is, the deeper the well, the more 
likely the aquifer is to be free of contaminants, as long as 
surface water does not leak into the well without suffi-
cient soil filtration. 

Two basic processes are used to remediate dug wells. One 
is to dig around the well to a depth of 10 feet and install 
a solid slab with a hole in it to accommodate a well cas-
ing and an appropriate seal (Figures 8.4 and 8.5). The 
dirt is then backfilled over the slab to the surface, and the 
casing is equipped with a vent and second seal, similar to 
a drilled well, as shown in Figure 8.6. This results in a 
considerable reduction in the area of the casing that needs 

ground and are quite shallow, resulting in frequent con-
tamination by both chemical and bacterial sources. 

Sanitary Design and Construction 
Whenever a water-bearing formation is penetrated (as in 
well construction), a direct route of possible water con-
tamination exists unless satisfactory precautions are taken. 
Wells should be provided with casing or pipe to an ade-
quate depth to prevent caving and to permit sealing of 
the earth formation to the casing with watertight cement 
grout or bentonite clay, from a point just below the sur-
face to as deep as necessary to prevent entry of contami-
nated water. 

Once construction of the well is completed, the top of 
the well casing should be covered with a sanitary seal, an 
approved well cap, or a pump mounting that completely 
covers the well opening (Figure 8.3). If pumping at the 
design rate causes drawdown in the well, a vent through a 
tapped opening should be provided. The upper end of 
the vent pipe should be turned downward and suitably 
screened to prevent the entry of insects and foreign 
matter. 

Figure 8.4. Converted Dug Well [1]

Figure 8.3. Well Seal

Pump Selection
A variety of pump types and sizes exist to meet the needs 
of individual or community water systems. Some of the 
factors to be considered in selecting a pump for a specific 
application are well depth, system design pressure, 
demand rate in gallons per minute, availability of power, 
and economics. 

Dug and Drilled Wells
Dug wells (Figures 8.4 and 8.5) were one of the most 
common types of wells for individual water supply in the 
United States before the 1950s. They were often con-
structed with one person digging the hole with a shovel 
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to be protected. Experience has shown that the disturbed 
dirt used for backfilling over the buried slab will continue 
to release bacteria into the well for a short time after 
modification. Most experts in well modification suggest 
installing a chlorination system on all dug wells to disin-
fect the water because of their shallow depth and possible 
biologic impurity during changing drainage and weather 
conditions above ground. Figure 8.7 shows a dug well 
near the front porch of a house and within 5 feet of a 
drainage ditch and 6 feet of a rural road. This well is 
likely to be contaminated with the pesticide used to ter-
mite-proof the home and from whatever runs off the 
nearby road and drainage ditch. The well shown is about 
15 feet deep. The brick structure around the well holds 
the centrifugal pump and a heater to keep the water from 
freezing. Although dangerous to drink from, this well is 
typical of dug wells used in rural areas of the United 
States for drinking water. 

Figure 8.5. Recapped and Sealed Dug Well [1]

Figure 8.6. Drilled Well [4]

Figure 8.7. Typical Dug Well

Samples should not be taken from such wells because 
they instill a false sense of security if they are negative for 
both chemicals and biologic organisms. The quality of 
the water in such wells can change in just a few hours 
through infiltration of drainage water. Figure 8.8 shows 
the septic tank discharge in the drainage ditch 5 feet 
upstream of the dug well in Figure 8.7. This potential 
combination of drinking water and waste disposal pres-
ents an extreme risk to the people serviced by the dug 
well. Sampling is not the answer; the water source should 
be changed under the supervision of qualified environ-
mental health professionals.
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Figure 8.9 shows a drilled well. On the left side of the 
picture is the corner of the porch of the home. The well 
appears not to have a sanitary well seal and is likely open 
to the air and will accept contaminants into the casing. 
Because the well is so close to the house, the casing is 
open, and the land slopes toward the well, it is a major 
candidate for contamination and not a safe water source. 

Springs 
Another source of water for individual water supply is 
natural springs. A spring is groundwater that reaches the 
surface because of the natural contours of the land. 

Springs are common in rolling hillside and mountain 
areas. Some provide an ample supply of water, but most 
provide water only seasonally. Without proper precau-
tions, the water may be biologically or chemically con-
taminated and not considered potable. 

Figure 8.10. Spring Box [5]

Figure 8.8. Sewage in Drainage Ditch

Figure 8.9. Drilled Well

To obtain satisfactory (potable) water from a spring, it is 
necessary to

 • find the source,

 • properly develop the spring,

 • eliminate surface water outcroppings above the spring 
to its source,

 • prevent animals from accessing the spring area, and

 • provide continuous chlorination.

Figure 8.10 illustrates a properly developed spring. Note 
that the line supplying the water is well underground, the 
spring box is watertight, and surface water runoff is 
diverted away from the area. Also be aware that the water 
quality of a spring can change rapidly.

Cisterns
A cistern is a watertight, traditionally underground reser-
voir that is filled with rainwater draining from the roof of 
a building. Cisterns will not provide an ample supply of 
water for any extended period of time, unless the amount 
of water used is severely restricted. Because the water is 
coming off the roof, a pipe is generally installed to allow 
redirection of the first few minutes of rainwater until the 
water flows clear. Disinfection is, nevertheless, of utmost 
importance. Diverting the first flow of water does not 
assure safe, non-polluted water because chemicals and 
biologic waste from birds and other animals can migrate 
from catchment surfaces and from windblown sources. In 
addition, rainwater has a low pH, which can corrode 
plumbing pipes and fixtures if not treated.
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Disinfection of Water Supplies
Water supplies can be disinfected by a variety of methods 
including chlorination, ozonation, ultraviolet radiation, 
heat, and iodination. The advantages and disadvantages 
of each method are noted in Table 8.3. 

The understanding of certain terms (blue box, next page) 
is necessary in talking about chlorination. 

Table 8.4 is a chlorination guide for specific water 
conditions.

Chlorine is the most commonly used water disinfectant. 
It is available in liquid, powder, gas, and tablet form. 
Chlorine gas is often used for municipal water disinfec-
tion, but can be hazardous if mishandled. Recommended 
liquid, powder, and tablet forms of chlorine include the 
following:

 • Liquid— Chlorine laundry bleach (about 5% 
chlorine). Swimming pool disinfectant or concentrated 
chlorine bleach (12%–17% chlorine).

 • Powder— Chlorinated lime (25% chlorine), dairy 
sanitizer (30% chlorine), and high-test calcium 
hypochlorite (65%–75% chlorine). 

 • Tablets— High-test calcium hypochlorite (65%–75% 
chlorine).

 • Gas— Gas chlorine is an economical and convenient 
way to use large amounts of chlorine. It is stored in 
steel cylinders ranging in size from 100 to 2,000 
pounds. The packager fills these cylinders with liquid 
chlorine to approximately 85% of their total volume; 
the remaining 15% is occupied by chlorine gas. These 
ratios are required to prevent tank rupture at high 
temperatures. It is important that direct sunlight never 
reaches gas cylinders. It is also important that the user 
of chlorine knows the maximum withdrawal rate of 
gas per day per cylinder. For example, the maximum 
withdrawal rate from a 150-pound cylinder is 
approximately 40 pounds per day at room temperature 
discharging to atmospheric pressure.

Disinfection Method Advantages Disadvantages
Boiling Readily accessible

Well suited for emergencies
Removes volatile organic compounds from 
water
Effective even on Giardia and Cryptosporidium

Requires a great deal of heat
Takes time to boil and cool
Water tastes stale
Typically limited capacity

Chlorine Provides residual treatment
Residual easy to test and measure
Readily available; reasonable cost
Low electrical requirement
Useful for multiple water problems
Can treat large volumes of water

Requires contact time of 30 minutes
Turbidity reduces effectiveness
Gives water a chlorine taste
May form disinfection by-products 
Does not kill Giardia or Cryptosporidium
Requires careful handling and storage 

Ultraviolet light Does not change taste of water
Leaves no discernable odor
Kills bacteria almost immediately
Compact and easy to use

High electrical requirement
Provides no residual treatment
Requires pretreatment if turbid 
Requires new lamp annually

Iodine Does not require electricity
Requires little maintenance
Provides residual treatment
Residual easy to measure

Health side effects undetermined
Affected by water temperature
Gives water an iodine taste

Ozone Is a more powerful disinfectant than chlorine
Does not change taste of water
Leaves no discernable odor

Ozone gas is unstable and must be generated at 
point of use

Table 8.3. Disinfection Methods
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Chlorination Treatment for Typical Dosage Rates 
Algae 3 to 5 ppm

Bacteria 3 to 5 ppm

Biologic oxygen demand reduction 10 parts per million

Color (removal) Dosage depends on type and extent of color removal desired; may vary 
from 1 to 500 ppm dosage rate

Cyanide

Reduction to cyanate 2 times cyanide content

Complete destruction 8.5 times cyanide content

Hydrogen sulfide

Taste and odor control 2 times hydrogen sulfide content

Destruction 8.4 times hydrogen sulfide content

Iron bacteria 1 to 10 ppm, varying with amount of bacteria to control

Iron precipitation 64 times iron content

Manganese precipitation 1 to 3 times manganese content

Odor 1 to 3 ppm

Taste 1 to 3 ppm

ppm: parts per million

Table 8.4. Chlorination Guide for Specific Water Conditions 

Breakpoint chlorination— A process sometimes used to ensure the presence of free chlorine in public water supplies by add-
ing enough chlorine to the water to satisfy the chlorine demand and to react with all dissolved ammonia that might be pres-
ent. The concentrations of chlorine needed to treat a variety of water conditions are listed in Table 8.4. 

Chlorine concentration— The concentration (amount) of chlorine in a volume of water is measured in parts per million 
(ppm). In 1 million gallons of water, a chlorine concentration of 1 ppm would require 8.34 pounds of 100% chlorine.

Contact time— The time, after chlorine addition and before use, given for disinfection to occur. For groundwater systems, 
contact time is minimal. However, in surface water systems, a contact time of 20 to 30 minutes is common.

Dosage— The total amount of chlorine added to water. Given in parts per million (ppm) or milligrams per liter (mg/L).

Demand— Chlorine solution used by reacting with particles of organic matter such as slimes or other chemicals and miner-
als that may be present. The difference between the amount of chlorine applied to water and total available chlorine remain-
ing at the end of a specified contact period.

Parts per million— A weight-to-weight comparison; 1 ppm equals 1 pound per million pounds. Because water weighs 8.34 
pounds per gallon, it takes 8.34 pounds of any substance per million gallons to equal 1 ppm. In water chemistry, 1 ppm 
equals 1 mg/L.

Residual— The amount of chlorine left after the demand is met; available (free) chlorine. This portion provides a ready re-
serve for bactericidal action. Both combined and free chlorine make up chlorine residual and are involved in disinfection. 
Total available chlorine = free chlorine + combined chlorine.

Definitions of Terms Related to Chlorination



8-9Chapter 8: Rural Water Supplies and Water-quality IssuesHealthy Housing Reference Manual

Chlorine Carrier Solutions
On small systems or individual wells, a high-chlorine car-
rier solution is mixed in a tank in the pump house and 
pumped by the chlorinator into the system. Table 8.5 
shows how to make a 200-ppm carrier solution. By using 
200 ppm, only small quantities of this carrier have to be 
added. Depending on the system, other stock solutions 
may be needed to better use existing chemical feed 
equipment.

Routine Water Chlorination (Simple)
Most chlorinated public water supplies use routine water 
chlorination. Enough chlorine is added to the water to 
meet the chlorine demand, plus enough extra to supply 
0.2 to 0.5 ppm of free chlorine when checked after 20 
minutes. 

Simple chlorination may not be enough to kill certain 
viruses. Chlorine as a disinfectant increases in 
effectiveness as the chlorine residual is increased and as 
the contact time is increased. 

Chlorine solutions should be mixed and chlorinators 
adjusted according to the manufacturer’s instructions. 
Chlorine solutions deteriorate gradually when standing. 
Fresh solutions must be prepared as necessary to maintain 
the required chlorine residual. Chlorine residual should 
be tested at least once a week to assure effective 
equipment operation and solution strengths. 

A dated record should be kept of solution preparation, 
type, proportion of chlorine used, and residual-test 
results. Sensing devices are available that will automati-
cally shut off the pump and activate a warning bell or 
light when the chlorinator needs servicing. 

Well Water Shock Chlorination
Shock chlorination is used to control iron and sulfate-
reducing bacteria and to eliminate fecal coliform bacteria 
in a water system. To be effective, shock chlorination 
must disinfect the following: the entire well depth, the 
formation around the bottom of the well, the pressure 
system, water treatment equipment, and the distribution 

system. To accomplish this, a large volume of super-chlo-
rinated water is siphoned down the well to displace the 
water in the well and some of the water in the formation 
around the well. Check specifications on the water treat-
ment equipment to ensure appropriate protection of the 
equipment.

With shock chlorination, the entire system-from the 
water-bearing formation through the well-bore and the 
distribution system-is exposed to water that has a concentration 
of chlorine strong enough to kill iron and sulfate-reducing 
bacteria. The shock chlorination process is complex and 
tedious. Exact procedures and concentrations of chlorine 
for effective shock treatment are available [6,7].

Backflow, Back-siphonage, and Other Water 
Quality Problems
In addition to contamination at its source, water can 
become contaminated with biologic materials and toxic 
construction or unsuitable joint materials as it flows 
through the water distribution system in the home. Water 
flowing backwards (backflow) in the pipes sucks materials 
back (back-siphonage) into the water distribution system, 
creating equally hazardous conditions. Other water qual-
ity problems relate to hardness, dissolved iron and iron 
bacteria, acidity, turbidity, color, odor, and taste.

Backflow
Backflow is any unwanted flow of nonpotable water into 
a potable water system. The direction of flow is the 
reverse of that intended for the system. Backflow may be 
caused by numerous factors and conditions. For example, 
the reverse pressure gradient may be a result of either a 
loss of pressure in the supply main (back-siphonage) or 
the flow from a pressurized system through an unpro-
tected cross-connection (back-pressure). A reverse flow in 
a distribution main or in a customer’s system can be cre-
ated by a change of system pressure wherein the pressure 
at the supply point becomes lower than the pressure at 
the point of use. When this happens, the water at the 
point of use will be siphoned back into the system, 
potentially polluting or contaminating it. It is also possi-
ble that contaminated or polluted water could continue 
to backflow into the public distribution system. The 
point at which nonpotable water comes in contact with 
potable water is called a cross-connection. 

Examples of backflow causes include supplemental sup-
plies, such as a standby fire protection tank; fire pumps; 
chemical feed pumps that overpower the potable water 
system pressure; and sprinkler systems.

Carrier Solution
Amount of Chlorine per 
100 Gallons of Water

5% chlorine bleach 3 pints

12%–17% chlorine solution 1 pint

25%–30% chlorine powder 2/3 pound

65%–75% chlorine powder 1/4 pound

Table 8.5. Preparing a 200-ppm Chlorine Solution
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Back-Siphonage
Back-siphonage is a siphon action in an undesirable or 
reverse direction. When there is a direct or indirect con-
nection between a potable water supply and water of 
questionable quality due to poor plumbing design or 
installation, there is always a possibility that the public 
water supply may become contaminated. Some examples 
of common plumbing defects are

 • washbasins, sterilizers, and sinks with submerged inlets 
or threaded hose bibs and hose;

 • oversized booster pumps that overtax the supply 
capability of the main and thus develop negative 
pressure;

 • submerged inlets and fire pumps (if the fire pumps are 
directly connected into the water main, a negative 
pressure will develop); and

 • a threaded hose bib in a health-care facility (which is 
technically a cross-connection). 

There are many techniques and devices for preventing 
back-flow and back-siphonage. Some examples are

 • Vacuum breakers (nonpressure and pressure);

 • Back-flow preventers (reduced pressure principle, 
double gate-double check valves, swing-connection, 
and air gap-double diameter separation);

 • Surge tanks (booster pumps for tanks, fire system 
make-up tank, and covering potable tanks); and 

 • Color coding in all buildings where there is any 
possibility of connecting two separate systems or 
taking water from the wrong source (blue-potable, 
yellow-nonpotable, and other-chemical and gases).

An air gap is a physical separation between the incoming 
water line and maximum level in a container of at least 
twice the diameter of the incoming water line. If an air 
gap cannot be installed, then a vacuum breaker should be 
installed. Vacuum breakers, unlike air gaps, must be 
installed carefully and maintained regularly. Vacuum 
breakers are not completely failsafe. 

Other Water Quality Problems
Water not only has to be safe to drink; it should also be 
aesthetically pleasing. Various water conditions affect 
water quality. Table 8.6 describes symptoms, causes, mea-
surements, and how to correct these problems.

Protecting the Groundwater Supply 
Follow these tips to help protect the quality of 
groundwater supplies:

 • Periodically inspect exposed parts of wells for cracked, 
corroded, or damaged well casings; broken or missing 
well caps; and settling and cracking of surface seals.

 • Slope the area around wells to drain surface runoff 
away from the well.

 • Install a well cap or sanitary seal to prevent 
unauthorized use of, or entry into, a well.

 • Disinfect wells at least once a year with bleach or 
hypochlorite granules, according to the manufacturer’s 
directions.

 • Have wells tested once a year for coliform bacteria, 
nitrates, and other constituents of concern.

 • Keep accurate records of any well maintenance, such 
as disinfection or sediment removal, that require the 
use of chemicals in the well.

 • Hire a certified well driller for new well construction, 
modification, or abandonment and closure.

 • Avoid mixing or using pesticides, fertilizers, herbicides, 
degreasers, fuels, and other pollutants near wells.

 • Do not dispose of waste in dry or abandoned wells.

 • Do not cut off well casings below the land surface.

 • Pump and inspect septic systems as often as 
recommended by local health departments.

 • Never dispose of hazardous materials (e.g., paint, paint 
stripper, floor stripper compounds) in a septic system.
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www/housing/census/historic/swgraph.html.
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Table 8.6. Analyzing and Correcting Water Quality Problems (continues on next page)

Symptoms Probable Cause Measurement Corrective Action
Hardness
– Sticky curd forms 

when soap is added 
to water

– Causes bathtub ring
– Requires more soap
– Glassware appears 

streaked, scale forms 
in pipes

Calcium and magnesium in 
the water, compounded 
with biocarbonates, 
sulfates, or chlorides.

Hardness test kits, which 
measure in grains per gallon 
(gpg) or parts per million 
(ppm). 1 gpg = 17.1 ppm
50 ppm is soft water; 50 to 
100 ppm is moderately hard 
water; 100 to 200 ppm is hard 
water; 200 to 300 ppm is very 
hard; over 300 ppm is 
extremely hard 

If hardness creates problems, 
a sodium zeolite ion exchange 
water softener or a reverse 
osmosis unit can be used.

Dissolved iron 
– Red stains (red 

water) on clothes and 
plumbing fixtures

– Corrosion of steel 
pipes

– Metallic taste
– Clear water just  

drawn begins to form 
red particles that 
settle to the bottom

Iron, from geologic 
formations that ground-
water passes through. 
Water, an excellent solvent, 
ionizes iron and holds it in 
solution. 
Iron is common in soft 
water and when water 
hardness is above 175 ppm.

Atomic absorption (AA) units 
or numerous colormetric test 
kits measure iron in ppm. 
Any measurement above 
0.3 ppm will cause problems. 

To treat soft water that 
contains no iron but picks it 
up in distribution lines, add 
calcium to the water with 
calcite (limestone) units.
To treat hard water con taining 
iron ions, install a sodium 
zeolite ion exchange unit.
To treat soft water con taining 
iron, carbon dioxide must be 
neutralized, followed by a 
manganese zeolite unit.

Iron bacteria (red slime 
appears in toilet)

Caused by bacteria that act 
in the presence of iron.

Check under toilet tank cover 
for slippery jelly-like coating.

Kill bacteria by super-
chlorinating pump and piping 
system.

Brownish-black water
– Fixture stains black
– Fabric stains black
– Bitter coffee and tea

Manganese is present 
usually along with iron.

Colormetric tests for manganese 
(concentrations above 
0.05 mg/L cause problems).

Same methods as for iron.

Acidity (corrosion of 
copper and steel in 
pumps, fixtures, piping 
and tanks) 

Carbon dioxide forms 
carbonic acid. Water may 
contain H2SO4, HCl, or  
nitric acid, but unlikely.

Colormetric field titrametric 
tests for acidity, pH, and 
carbon dioxide (pH is 
determined at the titration  
end point). A pH below 6.5 
causes corrosion. Carbon 
dioxide should be less than 
10 mg/L or less than 5 mg/L if 
alkalinity is less than 100 ppm. 

Soda ash solution is fed into 
the well or suction line of a 
pump. May be fed along with 
chlorine solution. 
Limestone chips (calcite) 
neutralize the water by 
increasing its alkalinity and 
hardness.

Odors and tastes

– Bitter taste Very high mineral content Excess iron, manganese, sulfate Methods mentioned above

– Rotten egg odor Sulfate-reducing bacteria, 
hydrogen sulfide 

Sulfate levels above 250 mg/L 
or any trace of hydrogen sulfide 
cause problems

Chlorinator and filter 

– Salty taste High chloride levels Problems at levels >250 mg/L Reverse osmosis unit

– Flat, soda taste Bicarbonates Carbonate hardness test Aeration unit

– Salty taste High total dissolved solids 
(TDS)

TDS levels above 500 mg/L may 
cause problems

Sand filter

– Chlorine odor/taste High levels of di- or 
trichloramines in water

Check pH Activated charcoal filter
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3. US Census Bureau. American housing survey. 
Washington, DC: US Census Bureau; 2003. Available 
from URL: http://www.census.gov/hhes/ www/housing/
ahs/nationaldata.html.

4. National Ground Water Association. Well system material. 
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2003. Available from URL: http://www.ngwa.org/pdf/
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Agency; 2001. 
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from URL: http://www.waterwell.cc/CHLORIN.HTM.
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Table 8.6. Analyzing and Correcting Water Quality Problems (continued)

Additional Sources of Information
American Water Works Association. Available from URL: 
http://www.awwa.org.

Drexel University: Drinking water outbreaks. Available 
from URL: http://water.sesep.drexel.edu/outbreaks/.

US Environmental Protection Agency: Ground water and 
drinking water. Available from URL: http://www.epa.gov/
safewater. 

Symptoms Probable Cause Measurement Corrective Action
Turbidity (cloudy water) Silt, sediment, large 

number of microorganisms 
or organic material

Nephelometric turbidity units 
(NTUs) using laboratory 
spectrophotometers. (Less than 
5 NTUs is best, >10 not 
acceptable.)

Fine filtering with sand filter 
or diatomaceous earth filter. 
For ponds, coagula tion and 
sedimentation are needed.

Blue stain on porcelain 
fixtures

Corrosion of copper pipes 
and fixtures due to low pH, 
hardness, and alkalinity

Langelier index determines 
proper balance of pH, hardness, 
and alkalinity.

Methods mentioned above to 
adjust pH, hardness, and 
alkalinity.

Lead contamination Leaching from lead service 
lines, solder, or brass or 
lead fittings

15 parts per billion Adjust pH
Filtration
Chemical treatment
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“The society which scorns excellence in plumbing as a humble 
activity and tolerates shoddiness in philosophy because it is an 
philosophy: neither its pipes nor its theories will hold water.” 

John W. Gardner, Secretary, 
Department of Health, Education, and Welfare, 1965 

Introduction
Plumbing may be defined as the practice, materials, and 
fixtures used in installing, maintaining, and altering pip-
ing, fixtures, appliances, and appurtenances in connection 
with sanitary or storm drainage facilities, a venting sys-
tem, and public or private water supply systems. 
Plumbing does not include drilling water wells; installing 
water softening equipment; or manufacturing or selling 
plumbing fixtures, appliances, equipment, or hardware. A 
plumbing system consists of three parts: an adequate 
potable water supply system; a safe, adequate drainage 
system; and ample fixtures and equipment.

The housing inspector’s prime concern while inspecting 
plumbing is to ensure the provision of a safe water supply 
system, an adequate drainage system, and ample and 
proper fixtures and equipment that do not contaminate 
water. The inspector must make sure that the system 
moves waste safely from the home and protects the occu-
pants from backup of waste and dangerous gases. This 
chapter covers the major features of a residential plumb-
ing system and the basic plumbing terms and principles 
the inspector must know and understand to identify 
housing code violations that involve plumbing. It will 
also assist in identifying the more complicated defects 
that the inspector should refer to the appropriate agen-
cies. This chapter is not a plumbing code, but should 
provide a base of knowledge sufficient to evaluate house-
hold systems. 

Elements of a Plumbing System 
The primary purposes of a plumbing system are

 • To bring an adequate and potable supply of hot and
cold water to the inhabitants of a house, and

 • To drain all wastewater and sewage discharge from
fixtures into the public sewer or a private disposal
system.

It is, therefore, very important that the housing inspector 
be completely familiar with all elements of these systems 
so that inadequacies of the structure’s plumbing and other 
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Figure 9.1. Typical Home Water System [1]

code violations will be recognized. To aid the inspector in 
understanding the plumbing system, a schematic of a 
home plumbing system is shown in Figure 9.1.

Water Service
The piping of a house service line should be as short as 
possible. Elbows and bends should be kept to a minimum 
because they reduce water pressure and, therefore, the 
supply of water to fixtures in the house. The house ser-
vice line also should be protected from freezing. Four feet 
of soil is a commonly accepted depth to bury the line to 
prevent freezing. This depth varies, however, across the 
country from north to south. The local or state plumbing 
code should be consulted for recommended depths. The 
minimum service line size should be ¾ inch. The mini-
mum water supply pressure should be 40 pounds per 
square inch (psi), no cement or concrete joints should be 
allowed, no glue joints between different types of plastic 
should be allowed, and no female threaded PVC fittings 
should be used.

The materials used for a house service may be approved 
plastic, copper, cast iron, steel, or wrought iron. The con-
nections used should be compatible with the type of pipe 
used. A typical house service installation is pictured in 
Figure 9.2. The elements of the service installation are 
described below. 

Corporation stop— The corporation stop is connected 
to the water main. This connection is usually made of 
brass and can be connected to the main with a special 
tool without shutting off the municipal supply. The valve 
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incorporated in the corporation stop permits the pressure 
to be maintained in the main while the service to the 
building is completed. 

Curb stop— The curb stop is a similar valve used to iso-
late the building from the main for repairs, nonpayment, 
of water bills or flooded basements. Because the corpora-
tion stop is usually under the street and it is necessary to 
break the pavement to reach the valve, the curb stop is 
used as the isolation valve.

Curb stop box— The curb stop box is an access box to 
the curb stop for opening and closing the valve. A long-
handled wrench is used to reach the valve.

Air chambers— Pressure-absorbing devices that eliminate water hammer. Air chambers should be installed as close as possi-
ble to the valves or faucet and at the end of long runs of pipe.

Air gap (drainage system)— The unobstructed vertical distance through the free atmosphere between the outlet of a water 
pipe and the flood level rim of the receptacle into which it is discharging.

Air gap (water distribution system)— The unobstructed vertical distance through the free atmosphere between the lowest 
opening from any pipe or faucet supplying water to a tank, plumbing fixture, or other device and the flood level rim of the 
receptacle.

Backflow— The flow of water or other liquids, mixtures, or substances into the distributing pipes of a potable water supply 
from any source or sources other than the intended source. Back siphonage is one type of backflow. 

Back siphonage— The flowing back of used, contaminated, or polluted water from a plumbing fixture or vessel into a pota-
ble water supply because of negative pressure in the pipe. 

Branch— Any part of the piping system other than the main, riser, or stack.

Branch vent— A vent connecting one or more individual vents with a vent stack.

Building drain— Part of the lowest piping of a drainage system that receives the discharge from soil, waste, or other drainage 
pipes inside the walls of the building (house) and conveys it to the building sewer beginning 3 feet outside the building wall.

Cross connection— Any physical connection or arrangement between two otherwise separate piping systems (one of which 
contains potable water and the other which contains either water of unknown or questionable safety or steam, gas, or chemi-
cal) whereby there may be a flow from one system to the other, the direction of flow depending on the pressure differential 
between the two systems. (See Backflow and Back siphonage.)

Disposal field— An area containing a series of one or more trenches lined with coarse aggregate and conveying the effluent 
from a septic tank through vitrified clay pipe or perforated, nonmetallic pipe, laid in such a manner that the flow will be dis-
tributed with reasonable uniformity into natural soil.

Drain— Any pipe that carries wastewater or waterborne waste in a building (house) drainage system.

Flood level rim— The top edge of a receptacle from which water overflows. 

Flushometer valve— A device that discharges a predetermined quantity of water to fixtures for flushing purposes and is 
closed by direct water pressures. 

Flushometer toilet— a toilet using a flushometer valve that uses pressure from the water supply system rather than the force 
of gravity to discharge water into the bowl, designed to use less water than conventional flush toilets.

Flush valve— A device located at the bottom of the tank for flushing toilets and similar fixtures.

Definitions of Terms Related to Home Water Systems

Figure 9.2. House Service Installation [1]
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Meter stop— The meter stop is a valve placed on the 
street side of the water meter to isolate it for installation 
or maintenance. Many codes require a gate valve on the 
house side of the meter to shut off water for plumbing 
repairs. The curb and meter stops can be ruined in a 
short time if used very frequently. 

The water meter is a device used to measure the amount 
of water used in the house. It is usually the property of 
the water provider and is a very delicate instrument that 
should not be abused. In cold climates, the water meter is 
often inside the home to keep it from freezing. When the 

Grease trap— See Interceptor.

Hot water— Potable water heated to at least 120°F–130°F (49°C–54°C) and used for cooking, cleaning, washing dishes, and 
bathing.

Insanitary— Unclean enough to endanger health.

Interceptor— A device to separate and retain deleterious, hazardous, or undesirable matter from normal waste and permit 
normal sewage or liquid waste to discharge into the drainage system by gravity.

Main vent— The principal artery of the venting system, to which vent branches may be connected.

Leader— An exterior drainage pipe for conveying storm water from roof or gutter drains to the building storm drain, com-
bined building sewer, or other means of disposal.

Main sewer— See Public sewer.

Pneumatic— Pertaining to devices making use of compressed air as in pressure tanks boosted by pumps.

Potable water— Water having no impurities present in amounts sufficient to cause disease or harmful physiologic effects and 
conforming in its bacteriologic and chemical quality to the requirements of the U.S. Environmental Protection Agency’s Safe 
Drinking Water Act or meeting the regulations of other agencies having jurisdiction.

P & T (pressure and temperature) relief valve— A safety valve installed on a hot water storage tank to limit temperature 
and pressure of the water.

P-trap— A trap with a vertical inlet and a horizontal outlet.

Public sewer— A common sewer directly controlled by public authority.

Relief vent— An auxiliary vent that permits additional circulation of air in or between drainage and systems.

Septic tank— A watertight receptacle that receives the discharge of a building’s sanitary drain system or part thereof and is 
designed and constructed to separate solid from liquid, digest organic matter through a period of detention, and allow the 
liquids to discharge into the soil outside of the tank through a system of open-joint or perforated piping or through a seep-
age pit.

Sewerage system— A system comprising all piping, appurtenances, and treatment facilities used for the collection and  
disposal of sewage, except plumbing inside and in connection with buildings served, and the building drain.

Soil pipe— The pipe that directs the sewage of a house to the receiving sewer, building drain or building sewer.

Soil stack— The vertical piping that terminates in a roof vent and carries off the vapors of a plumbing system.

Stack vent— An extension of a solid or waste stack above the highest horizontal drain connected to the stack, sometimes 
called a waste vent or a soil vent.

Definitions of Terms Related to Home Water Systems

meter is located inside the home, the company providing 
the water must make appointments to read the meter, 
which often results in higher water costs unless the meter 
is equipped with a signal that can be observed from the 
outside. The water meter is not shown in Figure 9.2 
because of regional differences in location of the unit. 

Because the electric system is sometimes grounded to an 
older home’s water line, a grounding loop device should 
be installed around the meter. Many meters come with a 
yoke that maintains electrical continuity even though the 
meter is removed.
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Hot and Cold Water Main Lines
The hot and cold water main lines are usually hung from 
the basement ceiling or in the crawl space of the home 
and are attached to the water meter and hot water tank 
on one side and the fixture supply risers on the other. 
These pipes should be installed neatly and should be sup-
ported by pipe hangers or straps of sufficient strength and 
number to prevent sagging. Older homes that have cop-
per pipe with soldered pipes can pose a lead poisoning 
risk, particularly to children. In 1986, Congress banned 
lead solder containing greater than 0.2% lead and 
restricted the lead content of faucets, pipes, and other 
plumbing materials to no more than 8%. The water should 
be tested to determine the presence or level of lead in the 
water. Until such tests can be conducted, the water should 
be run for about 2 minutes in the morning to flush any 
such material from the line. Hot and cold water lines 
should be approximately 6 inches apart unless the hot 
water line is insulated. This is to ensure that the cold water 
line does not pick up heat from the hot water line [2].

The supply mains should have a drain valve stop and 
waste valve to remove water from the system for repairs. 
These valves should be on the low end of the line or on 
the end of each fixture riser.

The fixture risers start at the basement main and rise ver-
tically to the fixtures on the upper floors. In a one-family 
dwelling, riser branches will usually proceed from the 
main riser to each fixture grouping. In any event, the fix-
ture risers should not depend on the branch risers for 
support, but should be supported with a pipe bracket.

Storm sewer— A sewer used for conveying rain water, surface water, condensate, cooling water, or similar liquid waste.

Trap— A fitting or device that provides a liquid seal to prevent the emission of sewer gases without materially affecting the 
flow of sewage or wastewater through it.

Vacuum breaker— A device to prevent backflow (back siphonage) by means of an opening through which air may be drawn 
to relieve negative pressure (vacuum).

Vapor lock— A bubble of air that restricts the flow of water in a pipe.

Vent stack— The vertical vent pipe installed to provide air circulation to and from the drainage system and that extends 
through one or more stories.

Water hammer— The loud thump of water in a pipe when a valve or faucet is suddenly closed.

Water service pipe— The pipe from the water main or other sources of potable water supply to the water-distributing 
system of the building served.

Water supply system— Consists of the water service pipe, the water-distributing pipes, the necessary connecting pipes, fit-
tings, control valves, and all appurtenances in or adjacent to the building or premises.

Wet vent— A vent that receives the discharge of waste other than from water closets.

Yoke vent— A pipe connecting upward from a soil or waste stack to a vent stack to prevent pressure changes in the stacks.

Definitions of Terms Related to Home Water Systems

The size of basement mains and risers depends on the 
number of fixtures supplied. However, a ¾-inch pipe is 
usually the minimum size used. This allows for deposits 
on the pipe due to hardness in the water and will usually 
give satisfactory volume and pressure.

In homes without basements, the water lines are prefera-
bly located in the crawl space or under the slab. The 
water lines are sometimes placed in the attic; however, 
because of freezing, condensation, or leaks, this place-
ment can result in major water damage to the home. In 
two-story or multistory homes, the water line placement 
for the second floor is typically between the studs and, 
then, for the shortest distance to the fixture, between the 
joists of the upper floors.

Hot and Cold Water Piping Materials
Care must be taken when choosing the piping materials. 
Some state and local plumbing codes prohibit using some 
of the materials listed below in water distribution 
systems.

Polyvinyl Chloride (PVC). PVC is used to make plastic 
pipe. PVC piping has several applications in and around 
homes such as in underground sprinkler systems, piping 
for swimming pool pumping systems, and low-pressure 
drain systems. PVC piping is also used for water service 
between the meter and building [3]. PVC, or polyvinyl 
chloride, is one of the most commonly used materials in 
the marketplace. It is in packaging, construction and 
automotive material, toys, and medical equipment. 
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Chlorinated PVC (CPVC). CPVC is a slightly yellow 
plastic pipe used inside homes. It has a long service life, 
but is not quite as tough as copper. Some areas with cor-
rosive water will benefit by using chlorinated PVC pip-
ing. CPVC piping is designed and recommended for use 
in hot and cold potable water distribution systems [4].

Copper. Copper comes in three grades: 

 • M for thin wall pipe (used mainly inside homes);

 • L for thicker wall pipe (used mainly outside for water
services); and

 • K, the thickest (used mainly between water mains and
the water meter).

Copper lasts a long time, is durable, and connects well to 
valves. It should not be installed if the water has a pH of 
6.5 or less. Most public utilities supply water at a pH 
between 7.2 and 8.0. Many utilities that have source 
water with a pH below 6.5 treat the water to raise the 
pH. Private well water systems often have a pH below 
6.5. When this is the case, installing a treatment system 
to make the water less acidic is a good idea [5].

Galvanized Steel. Galvanized pipe corrodes rather easily. 
The typical life of this piping is about 40 years. One of 
the primary problems with galvanized steel is that, in sat-
urated water, the pipe will become severely restricted by 
corrosion that eventually fills the pipe completely. 
Another problem is that the mismatch of metals between 
the brass valves and the steel results in corrosion. 
Whenever steel pipe meets copper or brass, the steel pipe 
will rapidly corrode. Dielectric unions can be used 
between copper and steel pipes; however, these unions 
will close off flow in a short time. The problem with 
dielectric unions is that they break the grounding effect if 
a live electrical wire comes in contact with a pipe. Some 
cities require the two pipes to be bonded electrically to 
maintain the safety of grounded pipes. 

PEX. PEX is an acronym for a cross-formulated polyeth-
ylene. “PE” refers to the raw material used to make PEX 
(polyethylene), and “X” refers to the cross-linking of the 
polyethylene across its molecular chains. The molecular 
chains are linked into a three-dimensional network that 
makes PEX remarkably durable within a wide range of 
temperatures, pressures, and chemicals [6].

PEX is flexible and can be installed with fewer fittings 
than rigid plumbing systems. It is a good choice for 
repiping and for new homes and works well for corrosive 
water conditions. PEX stretches to accommodate the 
expansion of freezing water and then returns to its origi-
nal size when water thaws. Although it is highly freeze-
resistant, no material is freeze-proof. 

Kitec. Kitec is a multipurpose pressure pipe that uniquely 
unites the advantages of both metal and plastic. It is 
made of an aluminum tube laminated to interior and 
exterior layers of plastic. Kitec provides a composite pip-
ing system for a wide range of applications, often beyond 
the scope of metal or plastic alone. Unlike copper and 
steel materials, Kitec is noncorroding and resists most 
acids, salt solutions, alkalis, fats, and oils. 

Poly. Poly pipe is a soft plastic pipe that comes in coils 
and is used for cold water. It can crack with age or wear 
through from rocks. Other weak points can be the stain-
less steel clamps or galvanized couplings.

Polybutylene [Discontinued]. Polybutylene pipe is a soft 
plastic pipe. This material is no longer recommended 
because of early chemical breakdown. Individuals with a 
house, mobile home, or other structure that has polybu-
tylene piping with acetal plastic fittings may be eligible 
for financial relief if they have replaced that plumbing 
system. For claims information, call 1-800-392-7591 or 
go to www.pbpipe.com.

Hot Water Safety
In the United States, more than 112,000 people enter a 
hospital emergency room each year with scald burns. Of 
these, 6,700 (6%), have to be hospitalized. Almost 3,000 
of these scald burns come from tap water in the home. 
The three high risk groups are children under the age of 
5 years, the handicapped, and adults over the age of 65 
years. It only takes 1 second to get a serious third-degree 
burn from water that is 156°F (69°C). Tap water is too 
hot if instant coffee granules melt in it.

Young children, some handicapped individuals, and 
elderly people are particularly vulnerable to tap water 
burns. Children cannot always tell the hot water faucets 
from the cold water faucets. Children have delicate skin 
and often cannot get out of hot water quickly, so they 
suffer hot water burns most frequently. Elderly and hand-
icapped persons are less agile and more prone to falls in 
the bath tub. They also may have diseases, such as diabe-
tes, that make them unable to feel heat in some regions of 
the body, such as the hands and feet. Third-degree burns 
can occur quickly— in 1 second at 156°F (69°C), in 2 
seconds at 149°F (65°C), in 5 seconds at 140°F (60°C), 
and in 15 seconds at 133°F (56°C).

A tap-water temperature of 120°F–130°F (49°C–54°C) is 
hot enough for washing clothes, bedding, and dishes. 
Even at 130°F (54°C), water takes only a few minutes of 
constant contact to produce a third-degree burn. Few 
people bathe at temperatures above 110°F (43°C), nor 



Healthy Housing Reference Manual9-6 Chapter 9: Plumbing

should they. Water heater thermostats should be set at 
about 120°F (49°C) for safety and to save 18% of the 
energy used at 140°F (60°C). Antiscald devices for faucets 
and showerheads to regulate water temperature can help 
prevent burns. A plumber should install and calibrate 
these devices. Most hot water tank installations now 
require an expansion tank to reduce pressure fluctuations 
and a heat trap to keep hot water from escaping up pipes.

Types of Water Flow Controls
It is essential that valves be used in a water system to 
allow the system to be controlled in a safe and efficient 
manner. The number, type, and size of valves required 
will depend on the size and complexity of the system. 
Most valves can be purchased in sizes and types to match 
the pipe sizes used in water system installations. Listed 
below are some of the more commonly encountered 
valves with a description of their basic functions.

Shutoff Valves. Shutoff valves should be installed 
between the pump and the pressure tank and between the 
pressure tank and service entry to a building. Globe, gate, 
and ball valves are common shutoff valves. Gate and ball 
valves cause less friction loss than do globe valves; ball 
valves last longer and leak less than do gate valves. 
Shutoff valves allow servicing of parts of the system with-
out draining the entire system.

Flow-control Valves. Flow-control valves provide uni-
form flow at varying pressures. They are sometimes 
needed to regulate or limit the use of water because of 
limited water flow from low-yielding wells or an inade-
quate pumping system. They also may be needed with 
some treatment equipment. These valves are often used to 
limit flow to a fixture. Orifices, mechanical valves, or dia-
phragm valves are used to restrict the flow to any one ser-
vice line or complete system and to assure a minimum 
flow rate to all outlets.

Relief Valves. Relief valves permit water or air to escape 
from the system to relieve excess pressure. They are 
spring-controlled and are usually adjustable to relieve 
varying pressures, generally above 60 psi. Relief valves 
should be installed in systems that may develop pressures 
exceeding the rated limits of the pressure tank or distribu-
tion system. Positive displacement and submersible 
pumps and water heaters can develop these excessive pres-
sures. The relief valve should be installed between the 
pump and the first shutoff valve and must be capable of 
discharging the flow rate of the pump. A combined pres-
sure and temperature relief valve is needed on all water 
heaters. Combination pressure and vacuum relief valves 

also should be installed to prevent vacuum damage to the 
system. The verification code for this document is 
965890.

Pressure-reducing Valves. A pressure-reducing valve is 
used to reduce line pressure. On main lines, this allows 
the use of thinner walled pipe and protects house plumb-
ing. Sometimes these valves are installed on individual 
services to protect plumbing.

Altitude Valves. Often an altitude valve is installed at the 
base of a hot water tank to prevent it from overflowing. 
Altitude valves sense the tank level through a pressure 
line to the tank. An adjustable spring allows setting the 
level so that the valve closes and prevents more inflow 
when the tank becomes full.

Foot Valves. A foot valve is a special type of check valve 
installed at the end of a suction pipe or below the jet in a 
well to prevent backflow and loss of prime. The valve 
should be of good quality and cause little friction loss.

Check Valves. Check valves have a function similar to foot 
valves. They permit water flow in only one direction 
through a pipe. A submersible pump may use several check 
valves. One is located at the top of the pump to prevent 
backflow from causing back spin of the impellers. Some 
systems use another check valve and a snifter valve. They 
will be in the drop pipe or pitless unit in the well casing 
and allow a weep hole located between the two valves to 
drain part of the pipe. When the pump is started, it will 
force the air from the drained part of the pipe into the 
pressure tank, thus recharging the pressure tank.

Frost-proof Faucets. Frost-proof faucets are installed 
out-side a house with the shutoff valve extending into the 
heated house to prevent freezing. After each use, the 
water between the valve and outlet drains, provided the 
hose is disconnected, so water is not left to freeze.

Frost-proof Hydrants. Frost-proof hydrants make out-
door water service possible during cold weather without 
the danger of freezing. The shutoff valve is buried below 
the frost line. To avoid submerging it, which might result 
in contamination and back siphoning, the stop-and-waste 
valve must drain freely into a rock bed. These hydrants 
are sometimes prohibited by local or state health 
authorities.

Float Valves. Float valves respond to a high water level to 
close an inlet pipe, as in a tank-type toilet.

Miscellaneous Switches. Float switches respond to a 
high and/or low water level as with an intermediate stor-
age tank. Pressure switches with a low-pressure cutoff 
stop the pump motor if the line pressure drops to the 
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cutoff point. Low-flow cutoff switches are used with sub-
mersible pumps to stop the pump if the water discharge 
falls below a predetermined minimum operating pressure. 
High-pressure cut-off switches are used to stop pumps if 
the system pressure rises above a predetermined maxi-
mum. Paddle-type flow switches detect flow by means of 
a paddle placed in the pipe that operates a mechanical 
switch when flow in the pipe pushes the paddle.

The inadvertent contamination of a public water supply 
as a result of incorrectly installing plumbing fixtures is a 
potential public health problem in all communities. 
Continuous surveillance by environmental health person-
nel is necessary to know whether such public health haz-
ards have developed as a result of additions or alterations 
to an approved system. All environmental health special-
ists should learn to recognize the three general types of 
defects found in potable water supply systems: back flow, 
back siphonage, and overhead leakage into open potable 
water containers. If identified, these conditions should be 
corrected immediately to prevent the spread of disease or 
poisoning from high concentrations of organic or inor-
ganic chemicals in the water.

Water Heaters
Water heaters (Figure 9.3) are usually powered by elec-
tricity, fuel oil, gas, or, in rare cases, coal or wood. They 
consist of a space for heating the water and a storage tank 
for providing hot water over a limited period of time. All 
water heaters should be fitted with a temperature-pressure 
(T&P) relief valve no matter what fuel is used. The 
installation port for these valves may be found on the top 
or on the side of the tank near the top. T&P valves 
should not be placed close to a wall or door jamb, where 
they would be inaccessible for inspection and use. Hot 
water tanks sometimes are sold without the T&P valve, 
and it must be purchased separately. This fact alone 
should encourage individual permitting and inspection by 
counties and municipalities to ensure that they are 
installed. The T&P valve should be inspected at a mini-
mum of once per year. 

A properly installed T&P valve will operate when either 
the temperature or the pressure becomes too high due to 
an interruption of the water supply or a faulty thermo-
stat. Figure 9.3 shows the correct installation of a gas 
water heater. Particular care should be paid to the exhaust 
port of the T&P valve. Figure 9.4 shows the placement of 
the T&P valve. This vent should be directed to within 6 
inches of the floor, and care must be taken to avoid 
reducing the diameter of the vent and creating any 
unnecessary bends in the discharge pipe. Most codes will 

Figure 9.3. Gas Water Heater [1]

allow only one 90° bend in the vent. The point is to 
avoid any constrictions that could slow down the steam 
release from the tank to avoid explosive pressure buildup. 

Water heaters that are installed on wooden floors should 
have water collection pans with a drainage tube that 
drains to a proper drain. The pan should be checked on a 
regular basis.

Tankless Water Heaters 
A tankless unit has a heating device that is activated by 
the flow of water when a hot water valve is opened. Once 
activated, the heater delivers a constant supply of hot 
water. The output of the heater, however, limits the rate 
of the heated water flow. Demand water heaters are avail-
able in propane (LP), natural gas, or electric models. 
They come in a variety of sizes for different applications, 
such as a whole-house water heater, a hot water source for 
a remote bathroom or hot tub, or as a boiler to provide 
hot water for a home heating system. They can also be 
used as a booster for dishwashers, washing machines, and 
a solar or wood-fired domestic hot water system [7]. 

The appeal of demand water heaters is not only the elimi-
nation of the tank standby losses and the resulting lower 
operating costs, but also the fact that the heater delivers 
hot water continuously. Most tankless models have a life 



Healthy Housing Reference Manual9-8 Chapter 9: Plumbing

expectancy of more than 20 years. In contrast, storage 
tank water heaters last 10 to 15 years. Most tankless 
models have easily replaceable parts that can extend their 
life by many years more.

Drainage System
Water is brought into a house, used, and discharged 
through the drainage system. This system is a sanitary 
drainage system carrying just interior wastewater.

Sanitary Drainage System
The proper sizing of the sanitary drain or house drain 
depends on the number of fixtures it serves. The usual 
minimum size is 4 inches in diameter. The materials used 
are usually cast iron, vitrified clay, plastic, and, in rare 
cases, lead. The top two pipe choices for drain, waste, and 
vent (DWV) systems are PVC or ABS. For proper flow in 
the drain, the pipe should be sized and angled so that the 
pipe is approximately half full. This ensures proper scour-
ing action so that the solids contained in the waste will 
not be deposited in the pipe. 

Using PVC in DWV pipe is a two-step process needing a 
primer and then cement. ABS uses cement only. In most 
cases the decision will be made on the basis of which 
material is sold in an area. Few areas stock both materials 
because local contractors usually favor one or the other. 

Figure 9.4. Temperature-Pressure Valve

ABS costs more than PVC in many areas, but Schedule 
40 PVC DWV solid core pipe is stronger than ABS. 
Their durability is similar.

Size of House Drain. The Uniform Plumbing Code 
Committee has developed a method of sizing house 
drains in terms of fixture units. One fixture unit equals 
approximately 7½ gallons of water per minute. This is 
the surge flow rate of water discharged from a wash basin 
in one minute. 

All other fixtures have been related to this unit. Fixture 
unit values are shown in Table 9.1.

Grade of House Drain. A house drain should be sloped 
toward the sewer to ensure scouring of the drain. The 
usual pitch of a house or building sewer is a ¼-inch drop 
in 1 foot of length. The size of the drain is based on the 
fixture units flowing into the pipe and the slope of the 
drain. Table 9.2 shows the required pipe size for the 
system.

House Drain Installation. Typical branch connections to 
the main are shown in Figure 9.5.

Fixture and Branch Drains. A branch drain is a waste 
pipe that collects the waste from two or more fixtures and 
conveys it to the sewer. It is sized in the same way as the 
sewer, taking into account that all toilets must have a 
minimum 3-inch diameter drain, and only two toilets 
may connect into one 3-inch drain. All branch drains 
must join the house drain with a Y-fitting as shown in 
Figure 9.5. The same is true for fixture drains joining 
branch drains. The Y-fitting is used to eliminate, as much 
as possible, the deposit of solids in or near the connec-
tion. A buildup of these solids will block the drain. 
Recommended minimum sizes of fixture drains are 
shown in Table 9.2. 

Traps 
A plumbing trap is a device used in a waste system to 
prevent the passage of sewer gas into the structure and yet 
not hinder the fixture’s discharge to any great extent. All 
fixtures connected to a household plumbing system 
should have a trap installed in the line. The effects of 
sewer gases on the human body are well known; many of 
the gases are extremely harmful. In addition, certain 
sewer gases are explosive. 

P-trap. The most commonly used trap is the P-trap 
(Figure 9.6). The depth of the seal in a trap is usually 2 
inches. A deep seal trap has a 4-inch seal. 
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As mentioned earlier, the purpose of a trap is to seal out 
sewer gases from the structure. Because a plumbing 
system is subject to wide variations in flow, and this flow 
originates in many different sections of the system, 
pressures vary widely in the waste lines. These pressure 
differences tend to remove the water seal in the trap. The 
waste system must be properly vented to prevent the traps 
from siphoning dry, thus losing their water seal and 
allowing gas from the sewer into the building. 

Objectionable Traps. The S-trap and the ¾ S-trap 
(Figure 9.7) should not be used in plumbing installations. 
They are almost impossible to ventilate properly, and the 
¾ S-trap forms a perfect siphon. Mechanical traps were 
introduced to counteract this problem. It has been found, 
however, that the corrosive liquids flowing in the system 
corrode or jam these mechanical traps. For this reason, 
most plumbing codes prohibit mechanical traps.

The bag trap, an extreme form of S-trap, is seldom found. 

Figure 9.7 also shows this type of S-trap.

Traps are used only to prevent the escape of sewer gas 
into the structure. They do not compensate for pressure 
variations. Only proper venting will eliminate pressure 
problems. 

Ventilation
A plumbing system is ventilated to prevent trap seal loss, 
material deterioration, and flow retardation.

Trap Seal Loss. The seal in a plumbing trap may be lost 
due to siphonage (direct and indirect or momentum), 
back pressure, evaporation, capillary attraction, or wind 

effect. The first two are probably the most common 
causes of loss. Figure 9.8 depicts this siphonage process; 
Figure 9.9 depicts loss of trap seal. 

If a waste pipe is placed vertically after the fixture trap, as 
in an S-trap, the wastewater continues to flow after the 
fixture is emptied and clears the trap. This is caused by 
the pressure of air on the water of the fixture being 
greater than the pressure of air in the waste pipe. The 
action of the water discharging into the waste pipe 
removes the air from that pipe and thereby causes a nega-
tive pressure in the waste line.

Fixture Units
Lavatory/washbasin 1

Kitchen sink 2

Bathtub 2

Laundry tub 2

Combination fixture 3

Urinal 5

Shower bath 2

Floor drain 1

Slop sink 3

Toilet 6 or 3 (based on type)

One bathroom group 8

180 square feet of roof 1

Table 9.1. Fixture Unit Values

Diameter of 
Pipe, Inches

Maximum Number of Fixtures per Listed Drain Slope†

¹⁄8 inch per foot ¼ inch per foot ½ inch per foot
1¼ 1 1 1

1½ 2 2 3

2 5 6 8

3 15 18 21

4 84 96 114

6 300 450 600

8 990 1,392 2,220

12 3,084 4,320 6,912

† Number of fixture units.

Table 9.2. Sanitary House Drain Sizes
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In the case of indirect or momentum siphonage, the flow 
of water past the entrance to a fixture drain in the waste 
pipe removes air from the fixture drain. This reduces the 
air pressure in the fixture drain, and the entire assembly 
acts as an aspirator. (Figures 9.10 and 9.11 show plumb-
ing configurations that would allow this type of siphonage 
to occur.) 

Back Pressure. The flow of water in a soil pipe varies 
according to the fixtures being used. Small flows tend to 
cling to the sides of the pipe, but large ones form a slug of 
waste as they drop. As this slug of water falls down the 
pipe, the air in front of it becomes pressurized. As the pres-
sure builds, it seeks an escape point. This point is either a 
vent or a fixture outlet. If the vent is plugged or there is no 
vent, the only escape for this air is the fixture outlet. 

The air pressure forces the trap seal up the pipe into the fix-
ture. If the pressure is great enough, the seal is blown out of 
the fixture entirely. Figures 9.8 and 9.9 illustrate the poten-
tial for this type of problem. Large water flow past the vent 
can aspirate the water from the trap, while water flow 
approaching the trap can blow the water out of the trap.

Figure 9.7. Types of S-traps

Figure 9.8. Trap Seal:  
[a] Seal Intact;  
[b] Fixture Draining;  
[c] Loss of Gas Seal [1]

Figure 9.5. Branch Connections Figure 9.6. P-trap [1]

Vent Sizing. Vent pipe installation 
is similar to that of soil and waste 
pipe. The same fixture unit criteria 
are used. Table 9.3 shows mini-
mum vent pipe sizes.

Vent pipes of less than 1¼ inches 
in diameter should not be used. 
Vents smaller than this diameter 
tend to clog and do not perform 
their function.

Individual Fixture Ventilation. 
Figure 9.12 shows a typical instal-
lation of a wall-hung plumbing 
unit. This type of ventilation is 
generally used for sinks, drinking 
fountains, and so forth. Air admit-
tance valves are often used for 
individual fixtures. Figure 9.13 
shows a typical installation of a 
bathtub or shower ventilation sys-
tem. Figure 9.14 shows the proper 
vent connection for toilet fixtures 
and Figure 9.15 shows a janitor’s 
sink or slop sink that has the 
proper P-trap. For the plumbing 
fixture to work properly, it must 
be vented as in Figures 9.13 and 
9.14.

Unit Venting. Figures 9.10 and 
9.11 show a back-to-back shared 
ventilation system for various 
plumbing fixtures. The unit vent-
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ing system is commonly 
used in apartment build-
ings. This type of system 
saves a great deal of money 
and space when fixtures are 
placed back-to-back in sep-
arate apartments. It does, 
however, pose a problem if 
the vents are undersized 
because they will aspirate 
the water from the other 
trap. Figure 9.16 shows a 
double combination Y-trap 
used for joining the fixtures 
to the common soil pipe 
fixture on the other side of 
the wall.

Wet Venting. Bathroom fix-
ture groupings are com-
monly wet vented; that is, 
the vent pipe also is used as 
a waste line. 

Total Drainage System
The drain, soil waste, and vent systems are all connected, 
and the inspector should remember the following 
fundamentals:

Working vents must provide air to all fixtures to ensure 
the movement of waste into the sewer. Improperly vented 
fixtures will drain slowly and clog often. They also pres-
ent a health risk if highly toxic and explosive sewer gases 
enter the home. Correct venting is shown in Figures 
9.10–9.15; incorrect venting is shown in Figures 9.8 and 
9.9. A wet vent can result in one of the traps siphoning 
the other dry when large volumes of water are poured 
down the drain. Wet vents are not permitted by many 
state plumbing codes because of the potential for 
self-siphoning.

Backup of sewage into sinks, dishwashers, and other 
appliances is always a possibility unless the system is 
equipped with air gaps or vacuum breakers. All connec-
tions to the potable water system must be a minimum of 
two pipe diameters above the overflow of the appliance 
and, in some cases, where flat surfaces are near, two and 
one-half pipe diameters above the overflow of the 
appliance.

A simple demonstration of how easily siphoning can 
occur is to hold a glass of water with food coloring in it 
with the tip of a faucet in the colored water. If the sink’s 

Figure 9.9. Loss of Trap Seal in 
Lavatory Sink [1]

Figure 9.10. Back-to-back Venting [Toilet]

Figure 9.11. Back-to-back Venting [Sink]

vegetable sprayer is directed to a second glass and sprayed, 
in most cases, the colored water will be aspirated into the 
faucet and then out of the sprayer into the second glass. 
Weed or pest killer attachments that hook to garden hoses 
work on the same principle. Figure 9.17 shows an outside 
hose bib equipped with a vacuum breaker. In the areas of 
the United States that freeze, these vacuum breakers must 
be removed because they trap water in the area of the line 
that can freeze and burst. Many vacuum breakers sold 
today automatically drain to prevent freeze damage. 
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Devices that pull water from a utility may create negative 
pressures that can damage water piping and pull danger-
ous substances into the line at the same time. These 
devices include power sprayers that hook to the home 
hose bib (outside faucets) and pressurize the spray by  
creating a vacuum on the supply side.

Corrosion Control
To understand the proper maintenance procedures for the 
prevention and elimination of water quality problems in 
plumbing systems, it is necessary to understand the pro-
cess used to determine the chemical aggressiveness of 
water. The process is used to determine when additional 
treatment is needed. Water that is out of balance can 
result in many negative outcomes, from toxic water to 
damaged and ruined equipment. 

Water dissolves and carries materials when it is not satu-
rated. An equilibrium among pH, temperature, alkalinity, 
and hardness controls water’s ability to create scale or to 
dissolve material. If water is saturated with harmless or 
beneficial substances, such as calcium, then the threat of 
damage can be mitigated. The Langelier method, devel-
oped in the early 1930s, is a process used in boiler man-
agement, municipal water treatment, and swimming 
pools to provide this balance. In the Langelier index, sat-
uration over 0.3 is scale forming, and a saturation below 
0.3 is corrosive.

Figure 9.12. Wall-hung Fixtures 

Figure 9.13. Unit Vent Used in Bathtub Installation

Fixture Supply Line, Inches Vent Line, Inches Drain Line, Inches
Bathtub 1/2 11/2 11/2

Kitchen sink 1/2 11/2 11/2

Lavatory 3/8 11/4 11/4

Laundry sink 1/2 11/2 11/2

Shower 1/2 2 2

Toilet tank 3/8 3 3

Table 9.3. Minimum Fixture Service Pipe Diameters

Figure 9.14. Toilet Venting
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According to the 
EPA, in 2000, a typi-
cal U.S. family of 
four spent approxi-
mately $820 every 
year on water and 
sewer fees, plus 
another $230 in 
energy for heating 

water. In many cities, according to the U.S. EPA, water 
and sewer costs can be more than twice those amounts. 
Many people do not realize how much money they can 
save by taking simple steps to save water, and they do not 
know the cumulative effects small changes can have on 
water resources and environmental quality. Fixing a leaky 
 faucet, toilet, or lawn-watering system can reduce water 
 consumption. Changing to water-efficient plumbing 
 fixtures and appliances can result in major water and 
energy  savings [9,10].

Summer droughts remind many of the need to appreciate 
clean water as an invaluable resource. As the U.S. popula-
tion increases, the need for clean water supplies continues 
to grow dramatically and puts additional stress on our 
limited water resources. We can all take steps to save and 
conserve this valuable resource.

The EPA [11] suggests the following steps homeowners 
should take right away to save water and money:

 • Stop leaks!— Check indoor water-using appliances   
and devices for leaks. Pay particular attention to toilets 
that leak.

 • Take showers— Showers use considerably less water 
than do baths.

 • Replace shower heads— Replacement shower heads 
are available that reduce water use.

 • Turn the water off when not needed— While 
brushing your teeth, turn the water off until you need 
to rinse.

 • Replace your old toilet— The largest water user inside 
the home is the toilet. If a home was built before 1992 
and the toilet has never been replaced, it is very likely 
that it is not a water-efficient, 1.6 gallons-per-flush 
toilet. Choose a replacement toilet carefully to ensure 
that what you make up per individual flush, you do 
not lose because you must flush more often.

 • Replace your clothes washer— The second largest 
water user in the home is the washing machine. Energy 
Star-rated washers that also have a water factor at or 

The susceptibility of metal to corrosion is as follows  
(most susceptible to least susceptible): magnesium, zinc, 
 aluminum, cadmium, mild steel, cast iron, stainless steel 
(active), lead-tin solder, lead, tin, brass, gun metal, alumi-
num bronze, copper,  copper-nickel alloy, Monel,  titanium, 
stainless steel  (passive),  silver, gold, and platinum.

Water Conservation
How much attention should be paid to fixtures that just 
drip a little bit of water or that just will not quite shut 
off? At 30 drops per minute, you will lose and pay for 54 
gallons per month. At 60 drops per minute, you will lose 
and pay for 113 gallons per month. At 120 drops per 
minute, you will lose and pay for 237 gallons per month.

This is only a small loss of water considering the 5 to 7 
gallons per flush used by a properly functioning toilet. If 
the toilet is not properly maintained, the loss of water and 
its effect on the monthly water bill can be incredible. 
Lower flow toilets have been mandated to save precious 
and limited resources. Most pre-1992 toilets used up to 7 
gallons per flush. Toilets have since evolved to use 5.5, 
then 3.5, and now 1.6 gallons per flush. 

With the changes in the water usage laws in 1992, there 
were many customer 
complaints, and plumb-
ers were in the bad posi-
tion of installing 
products that nobody 
wanted to use. New and 
updated products now 
work better than the old 
water wasters. 

Figure 9.15. Janitor’s Sink

Figure 9.16. Common Y-trap

Figure 9.17. Hose Bib With Vacuum Breaker
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lower than 9.5 use 35%–50% less water and 50% less 
energy per load. This saves money on both water and 
energy bills.

 • Plant the right plants with proper landscape design 
and irrigation— Select plants that are appropriate for 
the local climate. Having a 100% turf lawn in a dry 
desert climate uses a significant amount of water. Also, 
home owners should consider the benefits of a more 
natural landscape or wildscape.

 • Water plants only as needed— Most water wasted in 
the garden is by watering when plants do not need it 

A. 

Hot and cold copper water lines and drain, p-trap and 
vent, and vent for the washer drain shown. When a 
house is vacant for awhile, the P-trap should be filled 
with water to prevent sewer gas from entering the 
home. Mineral oil added to the water can slow the loss 
of fluid in the trap.

B. 

Hot and cold water pipes, soil pipe, and vent shown.

C. 

Vent for the sink and toilet, soil pipe, and cap for  
toilet connection shown. A wax or plastic seal shaped 
like a donut will be placed on the cap before bolting 
down the toilet.

or by not maintaining the irrigation system. If 
manually watering, set a timer and move the hose 
promptly. Make sure the irrigation controller has a 
rain shutoff device and that it is appropriately 
scheduled. Drip irrigation should be considered where 
practical. Newer irrigation systems have sensors to 
prevent watering while it is raining.

Putting It All Together
These photographs, taken during construction of a home 
by Habitat for Humanity, show various plumbing ele-
ments discussed in this chapter.
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D. 

Mixing and antiscald water flow control, vent for  
fixture, hot and cold water lines, and bathtub overflow 
shown. At this point in construction, insulation might 
be considered for the hot water lines. Water service  
and waste water line.

E. 

Polyethylene water service pipe entering the home 
through the concrete basement wall shown. White 
plastic adapter shown between polyethylene water 
service pipe and ¾ inch copper water line. A short 
distance above the adapter is a pressure reducing valve. 
To the right of water line is the 4-inch PVC pipe waste 
water line.
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