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1.1.1 Investigation

Site work involves working with various types of soils and dealing with the unexpected—even in
the presence of extensive soil test borings.

Even prior to commencing construction, a thorough investigation of the site, both visually and
after a review of available geo-technical reports, the contractor will be more prepared for what lies
ahead.

1. Does a visual inspection of the site reveal any clues to the composition and consistency of
the soil?

2. Are there rock outcroppings? If so, what is the nature of the rock?
3. Is there any indication of the presence of ground water close to the surface of the site?
4. Do any remains of abandoned subsurface structures appear in areas where excavation will

be required?
5. Do any structures require demolition in areas where new structures are to be built or where

underground utilities are to be installed?
6. Are any utilities absent that might be required during construction (i.e., water, electric power,

telephone lines, sanitary and storm sewers, or gas mains)? Are any of these utilities in areas
where new construction will be required and are to be relocated?

7. What do the soil test borings reveal?

Analyzing a typical soil test boring should start with a look at the consistency of the soil, as
reported on the report, the presence or absence of rock or any other underground obstructions,
the level at which water was observed, and the blow count (an indication of soil-bearing capacity).
The blows per foot also reveal the plasticity of the soil.

1.1.2 Glossary of Terms

Aeolian deposits Wind-deposited materials such as sand dunes or other silty-type materials.
Alluvium Material deposited by streams that might no longer exist, or form existing floodplains.
Aquifer A geological formation that provides water in sufficient quantities to create a spring or

well.
Bank-run gravel Often called run-of-bank gravel. Gravel as it is excavated from a bank in its natural

state.
Base course A layer of material selected to provide a subgrade for some load-bearing structure

(such as paving) or to provide for drainage under a structure above.
Binder A material that will pass a No. 40 U.S. standard sieve.
Boulder A rock fragment with a diameter larger than 12 inches (304.8 mm).
Cemented soil Soil in which particles are held together by a chemical agent, such as calcium carbonate.
Clay A mineral soil consisting of particles less than 0.002 mm in equivalent diameter; a soil

textural class, or a fine-grained soil with more than 50 percent passing through a No. 200
sieve that has a high plasticity index in relation to its liquid limit.

Cobble A rock fragment, generally oblong or rounded, with an average dimension ranging from 3
inches (75 mm) to 12 inches (305 mm).

Cohesion Shear resistance of soil at zero normal stress.
Cohesionless soil A soil when air dried in an unconfined space, has little cohesion when submerged.
Cohesive soil A soil when in an unconfined state, has considerable strength when air dried and

submerged.
Compaction A process to decrease voids between soil particles when subjected to the forces applied

by special equipment.
Density The mass of solid particles in a sample of soil or rock.
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Dry soil Soil that does not exhibit visible signs of moisture content.
Fines Clay-sized particles (less than 0.002 mm).
Fissured soil Soil material that has a tendency to break along definite planes of fracture with little

resistance.
Glacial till Unstratified glacial materials deposited by the movement of ice and consisting of sand,

clay, gravel, and boulders in any proportion.
Granular soil Gravel, sand, or silt with little or no clay content. It has no cohesive strength, cannot

be molded with moist, and crumbles easily when dry.
Gravel Round or semi-round particles of rock that will pass through a 3-inch (76.2 mm) sieve and

be retained by a No. 4 U.S. standard sieve (approximately ¼ inch, (6.35 mm). It is also
defined as an aggregate, consisting of particles that range in size from ¼ inch (6.35 mm) to 3
inches (76.2 mm).

Hardpan Soil that has become rock-like because of the accumulation of cementing minerals, such
as calcium carbonate, in the soil.

Layered system Two or more distinctly different soil or rock types arranged in layers.
Loess A uniform aeolian deposit of silty material having an open structure and relatively high

cohesion because of the cementation of clay or marl.
Marl Calcareous clay that contains 35 to 65 percent calcium carbonate.
Optimum moisture content Water content at which a soil can be compacted to a maximum-unit dry-

unit weight.
Organic clay/soil/silt Clay/soil/silt with high organic content.
Perched water table A water table of generally limited area that appears above the normal free-

water elevation.
Plastic A property of soil that allows the soil to be deformed or molded without cracking or

causing an appreciable volume change.
Plastic limit Water content at which a soil will just begin to crumble when rolled into a cylinder

approximately 1/8 inch (3.17 mm) in diameter.
Relative compaction The dry unit weight of soil, compared to the maximum unit weight obtained in

a laboratory compaction test, expressed as a ratio.
Specific gravity The ratio of the weight in air of a given volume of solids at a stated temperature to

the weight in air of an equal volume of distilled water at the stated temperature.

1.1.3 Soil Classification Systems

Soils can be classified in several different methods and categories. The Tyler System uses opening
per lineal inch of wire screen to determine particle size. For example, according to this system, a
No. 20 mesh, has 20 openings per lineal inch of screen, which equates to a sieve size of 0.0328
inches (0.833 mm).

The Unified Soil Classification System, the most widely used classification system, uses letters to
designate soil types within three major groups: coarse-grained, fine-grained, and highly organic soils.

• Coarse-grained soil Includes gravel, sands, and mixtures of the two. The letter G denotes gravel
and the letter S denotes sand. In mixtures, the first letter indicates the primary constituent,
e.g., GS. Both gravel and sand are further divided into four groups:

~ Well graded Designated by the letter W.
~ Poorly graded Designated by the letter P.
~ Dirty with plastic fines Designated P
~ Dirty with nonplastic silty fines If it will pass through a No. 200 sieve, it is designated by the

letter M.

The coefficient of uniformity (Cu) is computed from data taken from a grain size distribution
curve.
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• Fine-grained soils These soils are further divided into inorganic silts (M), inorganic clays (c),
and organic silts or clays (0). Each group is further divided into soils having liquid limits
lower than 50 percent (L) and those with liquid limits higher than 50 percent (H). For example,
an inorganic silt with liquid limit lower than 50 percent would be designated ML.

• Highly Organic soils This group is identified by the letters Pt, for peat, which is characteristic of
materials in this grouping.

1.1.3.1 Definition of Soil By Grain Size
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1.1.4 U.S.A./Metric Sieve Sizes

This chart shows the various sieve-size openings and their metric conversions.
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1.1.5 Interpreting Soil-Test Boring Logs

The blow count reveals that it took:

1 blow to drive a 140-pound hammer six inches.
3 blows were required to drive a 140-pound hammer 12 inches.
5 blows were required to drive a 140-pound hammer 18 inches.
8 blows were required to drive a 140-pound hammer to a depth of 24 inches.

16 blows were required to drive the hammer to a depth of five feet.
100 blows were required to drive the hammer to 10 feet five inches.

As far as water level is concerned, the use of water during the coring operation did not allow the
Geotech to ascertain ground water levels with certainty. When nonwater coring operations are used,
ground water levels are so indicated.
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1.1.5.2 OSHA Soil Classification

OSHA uses a soil-classification system as a means of categorizing soil and rock deposits in a
hierarchy of stable rock, Type A soil, Type B soil, and Type C soil, in decreasing order of
stability. Maximum allowable slopes are set forth, according to the soil or rock type.

1.1.5.1 Classification Terminology Used in Conjunction with Test Borings

A short-term maximum allowable slope of 1½ H:1V (63°) is allowed in excavations in
Type A soil that are 12 ft (3.67 m) or less in depth. Short-term maximum allowable
slopes for excavations greater than 12 ft (3.67 m) in depth shall be ¾ H:1V (53°)

Note: Consult OSHA for definition of short-term.

COMPONENT GRADATION TERMS

FINES FRACTION

RELATIVE DENSITY OR CONSISTENCY TERMS

PROPORTIONAL TERMS

BEDROCK WEATHERING CLASSIFICATION
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Type A: A cohesive soil with an unconfined compressive strength of 1.5 tons per square foot
(144 kPa) or greater. Cohesive soils can be categorized as silty, clay, sandy clay, clay loam, and
cemented soils. No soil is classified Type A if:

1. The soil is fissured.
2. The soil is subject to vibration from heavy traffic, or pile driving.
3. The soil has previously been disturbed.
4. The soil is part of a sloped, layered system, where the layers dip into the excavation on a

slope of 4 horizontal to 1 vertical.
5. The material is subject to other factors that tend to make it less stable.

Type B: A cohesive soil with an unconfined compressive strength of greater than 0.5 tons per
square foot (48 kPa), but not less than 1.5 tons per square foot (144 kPa). This classification
applies to cohesionless soils, including angular gravel (similar to crushed rock), silt, silt loam,
sandy loam, and in some cases, silty clay loam and sandy clay loam. This classification also
applies to previously disturbed soils, except those that would be classified as Type C or soil that
meets the unconfined compressive strength or cementation requirements for Type A, but is fissured
or subject to vibration, dry rock that is not stable, or material that is part of a sloped, layered
system, where the layers dip into the excavation on a slope less steep that 4 horizontal to 1
vertical, but only if the material would otherwise be classified Type B.

Type C: A cohesive soil with an unconfined compressive strength of 0.5 tons per square foot
(48 kPa) or less, generally consisting of granular soils (including gravel, sand and loamy sand,
submerged soil, soil form which water freely seeps, submerged rock that is not stable, or material
in a sloped, layered system, where the layers dip into the excavation on a slope of 4 horizontal to
1 vertical (or steeper).

OSHA, in 1926.652 Appendix B, lists standards, interpretations, and illustrations of simple, single,
multiple benches, and the use of trench support and shield systems for 20-foot (maximum) excavation
depths. OSHA pages 186.8 and 186.9 of Appendix B contain diagrams that depict benched excavations
for various types of excavations. For a complete explanation of excavations and trench-protection
requirements, refer to the entire text of OSHA CFR 1926.652 in Appendix B.
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1.1.6 OSHA Simple Slope, Single, and Multiple Bench Diagrams

2. All benched excavations 20 feet or less in depth shall have a maximum allowable slope of 1:1
and maximum bench dimensions as follows:

3. All excavations 20 feet or less in depth which have vertically sided lower portions shall be
shielded or supported to a height at least 18 inches above the top of the vertical slide. All
such excavations shall have a maximum allowable slope of 1:1.

Sitework



10 Section 1

1.1.6.1 OSHA Simple Slope a.nd Vertical-Sided Trench-Excavation Diagrams

4. All other sloped excavations shall be in accordance with the other options permitted in §
1926.652(b).

B-1.3 Excavations Made in Type C-Soil

1. All simple slope excavations 20 feet or less in depth shall have a maximum allowable slope of
1½:1.
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3. All other sloped excavations shall be in accordance with the other options permitted in §
1926.652(b).

B-1.4 Excavations Made in Layered Soils

1. All excavations 20 feet or less in depth made in layered soils shall have a maximum allowable
slope for each layer as set forth below.

1.1.7 Caissons

Caissons are typically drilled or augered holes, into which a metal casing is installed; caissons
are often referred to as drilled or bored piers. Typically, caissons fall into three groups: straight
shaft, belled, or rock socketed. Installing caissons involves excavation, generally by a boring
machine, to the depth required to meet either end bearing or friction, lowering a metal casing
into the excavated hole, and fill ing the casing with reinforced concrete. When a belled caisson is
constructed, a special belling tool is inserted in the bottom of the excavated shaft to create an
enlarged base. In the case of a rock-socketed caisson, the boring machine will have a cutting shoe
on the end to bore into the rock-bearing surface. A rock socket is then drilled into the rock to
accept an H pile before filling the caisson with concrete.

The slurry method of installing caissons, utilizing bentonite, is also used when proper soil and
ground-water conditions prevail.

1.1.8 Piles (Types)

Pile-driving rigs are used to install various types of piles, as well as sheet piling. The power
source used to operate the pile-driving hammer can be by steam boiler, a compressed air source,
or by an electrohydraulic system. All pile-driving rigs share similar components, some of which
are more complex than others. Figure 1.8.1 reveals a typical pile-driving rig with all parts identified.

Pile types

• Timber Made of whole trees and driven with the small end down. The wooden piles are
treated with an American Wood Preservers Association (AWPA) approved preservative to
help resist decay and attack by insects.

• Steel Either H piles confirming to American Institute of Steel Construction (AISC)
specifications for HP shapes, pipe piles that meet ASTM A252, or pile shells of relatively
light-gauge corrugated steel driven with an internal steel mandrel. These types of piles are
considered non-load bearing and serve generally as a form to protect the concrete as it cures.
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• Concrete piles Precast concrete piles and cast-in-place concrete piles that utilize driven corrugated
shells as their forming material.

• Soldier piles HP piles driven in soil, to bedrock, or to concrete-filled shafts, depending upon
the depth of toe-in required soldier piles are used as support for wood lagging in lieu of sheet
piling.

1.1.8.1 The Basic Parts of a Typical Pile-Driving Rig

Reprinted by permission with Deep Foundation Institute, Sparta New Jersey
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1.1.8.2 Pile-Driving Rig with Fixed-Lead System

Reprinted by permission with Deep Foundation Institute, Sparta New Jersey
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Reprinted by permission with Deep Foundation Institute, Sparta New Jersey

1.1.8.3 Pile-Driving Rig with Swing-Lead System
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Reprinted by permission with Deep Foundation Institute, Sparta New Jersey

1.1.8.4 Lead Types
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1.1.8.6 Pile-Driving Hammer Types

1. The drop hammer Rarely used, except for installing compacted-concrete piles.
2. Single-acting hammers Powered by steam or air pressure, which is used to raise the hammer ram

for each down stroke. Gravity and the weight of the hammer deliver the kinetic energy
required to drive the pile.

3. Double-acting hammers Generally powered by compressed air or hydraulics, which provides the
power to raise the hammer ram and accelerate its fall.

1.1.8.5 Pile-Driving Rig in Batter Configurations

Reprinted by permission with Deep Foundation Institute, Sparta New Jersey
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4. Vibratory hammers Paired, oscillating rotating weights connected to the pile delivers anywhere
from 0 to 2000 vibrations per minute at low frequency or from 0 to 8000 vibrations per
minute for hihigh-frequency hammers to drive the pile to design depth. This type hammer is
effective only in granular or cohesiveless soils.

1.1.8.7 Sheet Piles

When deep excavations are required in the near vicinity of existing structures, steel sheet piling
or soldier beams with wood lagging are generally used to create a stable excavate. Where soil
conditions permit, the sheet piling or soldier beams are driven to sufficient depth to allow for
ample toe-in to support the sheeting or soldier beams once excavation reaches the required
depth. If insufficient depth of soil is available, often in the case of soldier beams, they will be
drilled into rock and supported with bracing.

1.1.8.8 Typical Sheet Pile Sections
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1.1.8.9 Steel H-Piles (Typical Sections and Specifications)
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1.8.10 Typical Soldier Pile Detail (Rock Bearing)
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1.8.11 Typical Braced Soldier Pile with Deadman
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1.1.8.12 Typical Soldier Pile Drilled into Rock (Concrete Filled)
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1.1.8.13 Typical Soldier Pile with Wood Lagging, Steel Walers, and Bracing
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1.1.9 Dewatering

The lateral movement of water through soils is through the most pervious (porous) layer, but
vertical movement is dictated by the least pervious or permeable soil layer. Dewatering can be as
simple as excavating a pit, filling it partially with crushed stone, and inserting a pump. Or it can
be as complex as creating a series of wells connected to a header pipe, which, in turn, is connected
to a turbine pump operating under net suction conditions to draw the water to the surface.

These systems of creating well points are all based upon the need to draw down the water level by
creating a radial flow from the aquifer, which will generally produce a funnel effect within the water
table. This can be accomplished via single or multiple well points, but the drawdown procedure is
basically the same; the utilization of a casing that contains a screened or slotted opening to which
either a positive displacement or vacuum pump is attached to bring the ground water to the surface,
taking into account loss of head through the screened/slotted head plus the depth of the casing and
pump.
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1.1.9.1 Diagrammatical Display of Water Flow from Wellpoints
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1.1.9.2 Drawdown (Diagrammatical)
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1.2.0 Protecting Foundations From Ground Water

Where foundations are being constructed and ground water is encountered it is standard procedure
to protect the walls either fully or partially below grade, if that space is to be occupied. A
prefabricated drainage system incorporating bitumastic coating on the exterior of the wall, a
cupsated plastic drainage mat installed vertically and protected by a geotextile, will allow water
to drop to a perforated footing drain to divert water away from the wall.

By permission of Eljen Corporation, Storrs, Connecticut
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1.3.0 Hand Signals for Boom-Equipment Operators
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1.4.0 Avoiding Bituminous Paving Pitfalls

By permission of the Asphalt Institute, Lexington, Kentucky
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1.4.1 Calculating the Amount of Bitumastic Paving Per 100 Linear Feet and Per Mile

By permission of the Asphalt Institute, Lexington, Kentucky
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1.4.1.1 Linear Feet of Paving Covered by One Ton of Material

By permission of the Asphalt Institute, Lexington, Kentucky

1.4.1.2 Linear Meters of Asphalt Covered by One Ton of Material

By permission of the Asphalt Institute, Lexington, Kentucky
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1.4.2 Cubic Meters of Asphalt for Various Widths/Depths of Paving (Metric)

By permission of the Asphalt Institute, Lexington, Kentucky

1.4.3 Tons of Asphalt Required Per Mile for Various Widths/Pounds Per Yard

By permission of the Asphalt Institute, Lexington, Kentucky
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1.4.4 Asphalt Paving Block Specifications

By permission of the Asphalt Institute, Lexington, Kentucky
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2.1.0 Installation of Piping (General)

A great deal of construction activity involves the installation or rerouting of underground utilities
(sanitary and storm sewers, domestic water lines and fire mains, electrical and telecommunications
services, and natural gas lines). The nature and variety of these installations vary substantially
from site to site, but the basic materials of construction generally do not.

Underground site utility work consists of the installation of conduits of various sizes and materials
of construction to carry these utilities; the basic piping materials are either reinforced concrete pipe,
thermoplastics, cast iron or ductile iron, lightweight aluminum or steel and corrugated metal pipe.

Installation of these types of pipes have several things in common:

1. Excavation and pipe laying Depending upon the type of soil and the width and depth of excavation,
either “open cut” will be used or a trench cut (utilizing sheet piling) or a trench box (to avoid
collapse of the walls of the excavate).

2. Bedding material Depending upon the type of pipe being installed and the nature of the subsoil,
off-site bedding materials might be required, not only to place under the pipe, but for initial
backfill

3. Compaction of the soil above the pipe will also depend on the depth of the excavate, the soil
conditions, and the percentage compaction required.

2.1.1 Bedding and Backfill Materials For Site Utility Work and the Pipe Zone

To discuss the backfill procedures for underground pipes, it is necessary to understand pipe zone
terminology.

• Foundation Might not be required if the trench bottom is stable and will support a rigid pipe
without causing deviation in grade or such flexing of the pipe that will create flexural failure.

• Bedding This material is required to bring the trench bottom up to grade and to provide
uniform longitudinal support. Sand is often used for this purpose.

• Haunching The material used in this zone will supply structural support for the pipe and
prevent it from deflecting (if it is a flexible pipe) or having joint misalignment when further
backfilling and compaction above occurs.

• Initial backfill Material placed 6 to 12 inches above the spring line will only provide additional
side support, most of the support coming from compaction of the soil in the haunching area.

2.1.1.1 Pipe-Zone Bedding Materials

• Class I Angular stone, graded from 1/4" (6.4mm) to ½" (12.7 mm), including crushed stone,
crushed shells, and cinders.
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• Class II Coarse sand with a maximum particle size of 1½" (38.1 mm), including various
graded sands and gravel containing small percentages of fines. Soil type GW, SP, SM, and C
* (See the unified soil classification listing in Chapter 1).

• Class III Fine sand and clayey gravel, including fine sand, sand-clay mixtures, and gravel-clay
mixes. Soil types GM, GC, SM, and SC are included in this class.

• Class IV Silt, silty clays (including inorganic clays), and silts of medium to high plasticity and
liquid limits. Soil types MH, ML, CH, and CL are included in this class.

• Class V Soils not recommended for bedding, haunching, or initial backfill consisting of organic
silts, organic clays and peat, and other highly organic materials.

Common sense, experience, and OSHA regulations will dictate the precautions required
during site utilities excavation. OSHA Handbook Title 29 of the Code of Federal Regulations (29
CFR Part 1926) is to be referred to for detailed regulations regarding excavation and trenching
operations. OSHA Construction Industry Digest (OSHA 2202) is a pocket-sized digest of basic
applicable standards, including excavation and trenching. This handy booklet can be obtained
by calling the local U.S. Department of Labor office.

2.1.2 Setting Up Batter Boards and Determining Trench Widths and Depths

The figure shows how to set up a batter boards so as to establish a center line of underground
pipe.
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2.1.3 Trench Preparation for Concrete Pipe

Trench width required to install concrete pipe of varying pipe diameters (metric conversion).

Site Utilities



Site Utilities 37

2.1.4 Trench Requirements for Rigid and Thermoplastic Pipe

*Reprinted by permission of the Cast Iron Soil Pipe Insititute
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2.1.4.1 Trench Width Considerations

• Cast-iron soil This is a rigid pipe that does not depend on sidefill stiffness; therefore, the
trench can be as narrow as an installer requires in order to join the pipe sections together and
complete the joint connections.

• Thermoplastic pipe This flexible pipe requires sidewall stiffness in the trench to limit deflections.
ASTM D2321-89 recommends that the trench width be as wide as the outside diameter of
the pipe being installed plus 16 inches (400 mm). An alternative to this formula is to multiply
the outside diameter of the pipe by 1.25 and add 12 inches (300 mm). For example, a 6-inch
(150 mm) pipe has an outside diameter of 6.625 inches (165.6 mm) and would require a 20-
inch (500 mm) wide trench. The added width of the trench for “flexible” pipe is to allow for
compaction equipment to operate in the “compaction zone” on each side of the flexible pipe
to create sidewall stiffness.
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2.1.5 Assembling a Trench Shield

By permission Efficiency Productions, Inc., Lansing, Michigan
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2.1.5.1 Determining Trench Shield Size

If the company does not own a trench box, but plans to rent one, certain data, shown below,
must be given to the rental company to ensure that the proper size box is ordered to fit the job at
hand.

By permission Efficiency Production, Lansing, Michigan
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2.1.6 Reinforced Concrete Pipe (RCP) Specification ASTMC76 T&G Joints
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2.1.6.1 Reinforced Concrete Pipe Specifications ASTMC14, ASTMC76 (Bell and Spigot)
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2.1.6.2 Installation Procedures for Bell and Spigot Concrete Pipe

By permission American Concrete Pipe Assoc., Irving, Tx.
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2.1.7 Trenching Recommendations for Cast-lron Soil Pipe

By permission Cast Iron Soil Pipe Institute
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2.1.7 Trenching Recommendations for Cast-lron Soil Pipe (Continued)

By permission Cast Iron Soil Pipe Institute
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2.1.7.1 Depth of Cover for Cast-lron Soil Pipe/Rated Working Pressures

Reprinted by permission from Atlantic State Cast Iron Pipe Company, Phillipsburg, New Jersey
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2.1.7.2 Cast Iron Soil Pipe Equivalents

By permission Cast Iron Soil Pipe Institute

2.1.7.3 Ring Test Crushing Loads on Cast-lron Soil Pipe

By permission Cast Iron Soil Pipe Institute
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2.1.7.4 Slopes Required for Self-Cleaning Cast-lron Pipe

Slopes required to obtain self-cleaning velocities of 2.0 and 2.5 ft./sec. (based on Mannings Formula
with N=0.012)

By permission Cast Iron Soil Pipe Institute
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2.1.7.5 Typical Pipe-Joining Methods for Cast-lron Pipe

Note lead and oakum will be found on older piping installations only.

By permission Cast Iron Soil Pipe Institute
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2.1.8 Ductile Iron Pipe Dimensions/Weights for Push on Mechanical Joint Pipe
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2.1.8 Ductile Iron Pipe Dimensions/Weights for Push on Mechanical Joint Pipe (Continued)
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2.1.8 Ductile Iron Pipe Dimensions/Weights for Push on Mechanical Joint Pipe (Continued)
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Reprinted by permission from Atlantic State Cast Iron pipe company, Phillipsburg, New Jersey

2.1.8 Ductile Iron Pipe Dimensions/Weights for Push on Mechanical Joint Pipe (Continued)
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2.1.8.1 Ductile Iron-Pipe Specifications and Assembly Tops

Reprinted by permission from Atlantic State Cast Iron pipe company, Phillipsburg, New Jersey
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2.1.8.1 Ductile Iron-Pipe Specifications and Assembly Tops (Continued)
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2.1.8.2 Ductile iron-Pipe Specifications for 3" to 36" Pipe
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2.1.8.2 Ductile Iron-Pipe Specifications for 3" to 36" Pipe

Reprinted by permission from Atlantic State Cast Iron pipe company, Phillipsburg, New Jersey
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2.1.9 Schedule 40/80 PVC Pipe Specifications

Schedule 40/80 pipe size: inside/outside dimensions, weight per foot for UL-rated PVC pipe.

By permission J-M Manufacturing Company, Inc., Livingston, N.J.
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2.1.9.1 Deflection in Thermoplastic Pipe

Reprinted By permission Cast Iron Soil Pipe Institute

2.1.9.2 Expansion and Contraction of PVC Pipe

PVC non-metallic conduit will expand and contract with temperature variations. When it is
necessary to allow for movement of PVC conduit because of temperature changes, the amount
of movement can be determined from the chart below. The coefficient of thermal expansion of J-
M PVC conduit is 3.0×10–5 in/in°F. If major temperature variations are expected the use of
expansion joints should be considered and should be installed, in accordance with the engineer’s
design.

By permission J-M Manufacturing Company Inc., Livingston, N.J.
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2.2.0 Corrugated Steel Pipe Specifications (12" to 144" Diameter)

By permission CONTECH Construction Products Inc. Middletown, Ohio
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By permission CONTECH Construction Products Inc. Middletown, Ohio

2.2.1 Corrugated Steel-Pipe Specifications (Arch Height Cover Limits, 3"×1")
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2.2.1.1 Corrugated Steel Pipe Specifications (Arch Height Cover Limits, 5"×1")

Site Utilities



Site Utilities 63

2.2.1.2 Corrugated Aluminum/Galvanized Steel Pipe Specifications

By permission CONTECH Construction Products Inc., Middletown, Ohio

Site Utilities



64 Section 2

2.2.2 Expansion Characteristics of Various Metal/Thermoplastic Pipe

Expansion: Allowances for expansion and contraction of building materials are important design
considerations. Material selection can create or prevent problems. Cast iron is in tune with building
reactions to temperature. Its expansion is so close to that of steel and masonry that there is no
need for costly expansion joints and special offsets. That is not always the case with other DWV
materials.

2.3.0 Testing of Underground Pipe Installations

• Infiltration test This test measures the integrity of the pipe to withstand infiltration from ground
water. It is conducted in accordance with ASTM C 969M (C969). This test is only applicable
if the water table is at least 2 feet (600 mm) above the crown of the pipe.

The infiltration test is usually performed on storm and sanitary lines, and conducted
between two adjacent manholes. All service laterals, stubs, and fittings are plugged or capped
at the connection to the test pipe section. A V-notch weir or other suitable measuring device
is installed in the inlet pipe to the downstream manhole; infiltrating water is then allowed to
build up and level off behind the weir until steady, uniform flow is obtained. When this
action occurs over the weir, leakage is determined by direct reading the graduations on the
weir or converting the flow quantity to gallons per minute per unit length of pipe per unit of
time.

• Exfiltration test This test results in subjecting the entire system to a pressure test and is generally
used on small-diameter sanitary lines and follows ASTM C969M (C969) procedures. Tests
are performed between manholes and the test section is filled with water through the upstream

By permission Cast Iron Soil Pipe Institute
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manhole. Once the test section is filled with water and allowed to stand for an adequate
period of time, the water level in the upstream manhole is brought up to the proper test level.
After a set period of time, the water elevation should be measured from the same reference
point and the loss of water during the test period calculated. Or the water should be restored
to its original level and the amount of water used to do so accounted for to determine the
leakage.

Illustrations of infiltration and exfiltration tests follow and include a chart converting
feet head to pounds per square inch (the metric equivalent is kilopascals).

2.3.1 Diagram of Infiltration Tests

The following test shows plugged underground lines.
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2.3.2 Diagram of Exfiltration Tests

Per permission Amerrican Concrete Pipe Association., Irving, Tx.
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2.4.0 Storm and Sanitary Manhole Schematics with Sections
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2.4.1 Storm Sewer Manhole Components
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2.5.0 Castings for Sanitary and Storm Manholes

Gray iron exhibits excellent corrosion resistance, as well as excellent compressive strength.
Ductile iron is the material of choice when gray iron castings do not have enough load-bearing

capacities or where impact resistance is a factor. Ductile iron castings are used where loads greater than
H20 are required, such as locations subject to fork truck traffic, airports, and container ports.

Mating ductile iron lids with Class-35B gray iron frames is often a cost-effective method of providing
covers in most situations other than H20.

CASTINGS FOR DIFFERING TRAFFIC CONDITIONS

FOUR STRENGTH CATEGORIES

Extra Heavy Duty: For airport and concentrated loads.
These applications require special castings to
accommodate uniformly distributed loads of 100 to over
225 psi. In selecting castings for heavy concentrated
loads, advise loading conditions: total wheel load, tire
or wheel contact area, and tire pressure. We will
confirm your choice as being suitable for the purpose
intended.

Heavy duty: Castings in this category are generally
suitable for highway traffic or H20 wheel loads of
16,000 Ib. Many of the castings are suitable for much
heavier loading.

Medium duty: Use these castings for driveway,
parks, ramps, and similar installations where wheel
loads will not exceed 2000 Ib.

Light Duty: These castings are recommended for
sidewalks, terraces, and very light traffic.

Typical Specifications and Mechanical Properties of Gray Iron and Ductile Iron

Specifications and Mechanical Properties for Nonferrous Metals
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3.1.0 History

Concrete is an ancient materal of construction, first used during the Roman Empire, which
extended from about 20 BC to 200 AD. The word concrete is derived from the Roman concretus,
meaning to grow together. Although this early mixture was made with lime, cement, and a
volcanic ash material called pozzolana, concrete today is a sophisticated material in which exotic
constituents can be added and, with computer-controlled batching, can produce a product capable
of achieving 50,000 psi compressive strength.

The factors contributing to a successful batch of concrete are:
• Precise measurement of water content.
• Type, size, and amount of cement and aggregate.
• Type, size, and location of reinforcement within the concrete pour to compensate for the lack

of tensile strength basic in concrete.
• Proper curing procedures during normal, hot or cold weather conditions.

3.1.1 General Properties

With some exceptions, the two most widely used concrete mixtures are:
• Normal-weight (stone) concrete with a dry weight of 145 psf (6.93kPa).
• Lightweight concrete (LWC) with a weight of approximately 120 psf (5.74 KPa). Extra light

concrete, with weights as low as 80 psf (3.82 kPa), can be achieved with the use of special
aggregates.

Other Types of Concrete

• Lightweight Insulating Containing perlite, vermiculite, and expanded polystyrene, which is
used as fill over metal roof decks, in partitions, and in panel walls.

• Cellular Contains air or gas bubbles suspended in mortar and either no coarse aggregates or
very limited quantities are included in the mixture. Used where high insulating properties
are required.

• Shot-crete or Gunite The method of placement characterizes this type of concrete, which is
applied via pneumatic equipment. Typical uses are swimming pools, shells, or domes, where
form-work would be complicated because of the shape of the structure.

• Ferrocement Basically a mortar mixture with large amounts of light-gauge wire reinforcing.
Typical uses include bins, boat hulls, and other thin, complex shapes.

3.2.0 Portland Cement as a Major Component

Different types of portland cement are manufactured to meet specific purposes and job conditions

• Type I is a general-purpose cement used in pavements, slabs, and miscellaneous concrete
pads and structures.

• Type IA is used for normal concrete, to which an air-entraining admixture is added.
• Type II creates a moderate sulfur-resistant product that is used where concrete might be

exposed to groundwater that contains sulfates.
• Type IIA is the same as Type II, but is suited for an air-entrainment admixture.
• Type III is known as high early strength and generates high strength in a week or less.
• Type IIIA is high early, to which is added an air-entrainment admixture.
• Type IV cement produces low heat of hydration and is often used in mass pours, such as

dam construction or thick mat slabs.
• Type V is a high sulfate-resistant cement that finds application in concrete structures exposed

to high sulfate-containing soils or groundwater.
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• White Portland cement is generally available in Type I or Type III only and gains its white
color from the selection of raw materials containing negligible amounts of iron and magnesium
oxide. White cement is mainly used as a constituent in architectural concrete.

3.2.1 High Early Cement

High early cement does exactly what its name implies: it provides higher compressive strength at
an earlier age. Although Type III or Type IIIA cement can produce high early strength, there are
other ways to achieve the same end result:

• Add more cement to the mixture (600 Ibs (272 Kg) to 1000 Ibs (454 Kg).
• Lower the water content (0.2 to 0.45) by weight.
• Raise the curing temperature after consultation with the design engineer.
• Introduce an admixture into the design mix.
• Introduce microsilica, also known as silica fume to the design mix.
• Cure the cast-in-place concrete by autoclaving (steam curing).
• Provide insulation around the formed, cast-in-place concrete to retain heat of hydration.

3.2.1.2 How Cement Contents Affects Shrinkage

When low slumps, created in conjunction with minimum water requirements, are used with
correct placement procedures, the shrinkage of concrete will be held to a minimum. Conversely,
high water content and high slumps will increase shrinkage. A study at the Massachusetts Institute
of Technology, as reported by the Portland Cement Association, indicated that for every 1%
increase in mixing water, shrinkage of concrete increased by 2%. This study produced the following
chart, showing the correlation of water and cement content to shrinkage.

3.2.1.3 Effect of Cement/Water Content on Shrinkage

3.3.0 Control Joints

Thermal shrinkage will occur and the object of control joints, sometimes referred to as construction
joints, is to avoid the random cracking that often comes about when a concrete slab dries and
produces excess tensile stress. Control joint spacing depends upon the slab thickness, aggregate
size, and water content, as reported by the Portland Cement Association in their article “Concrete
Floors on Concrete,” second edition, 1983.

3.3.1 Maximum Spacing of Control Joints
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The term control joint is often used as being synonymous with construction joint, however, there is a
difference between the two. A control joint is created to provide for movement in the slab and induce
cracking at that point, whereas a construction joint is a bulkhead that ends that day’s slab pour. When
control joints are created by bulkheading off a slab pour, rather than saw-cutting after the slab has been
poured, steel dowels are often inserted in the bulkhead to increase load transfer at this joint.

3.3.1.1 Dowel Spacing

3.4.0 Admixtures

Although concrete is an extremely durable product, it faces deterioration from various sources: chemical
attack, permeation by water and/or gases from external sources, cracking because of chemical reaction
(known as heat of hydration), corrosion of steel reinforcement, freeze/thaw cycles, and abrasion. Much of
the deterioration caused by these internal and exterior factors can be drastically delayed by the addition
of a chemical admixture to the ready-mix concrete.

Admixtures are chemicals developed to make it easier for a contractor to produce a high-quality
concrete product. Some admixtures retard curing, some accelerate it; some create millions of microscopic
bubbles in the mixture; others allow a substantial reduction in water content, but still permit the
concrete to flow like thick pea soup.

• Water-reducing admixtures Improve strength, durability, workability of concrete. Available in
normal range and high range.

• High-range water-reducing admixture Also known as superplasticizer, it allows up to 30% reduction
in water content with no loss of ultimate strength, but it creates increased flowability. It is
often required where reinforcing steel is placed very close together in intricate forms.

• Accelerating admixtures They accelerate the set time of concrete, thereby reducing the protection
time in cold weather, allowing for earlier stripping of forms. Accelerating admixtures are
available in both chloride- and nonchloride-containing forms. Nonchloride is required if
concrete is to be in contact with metal and corrosion is to be avoided.

• Retarder admixtures Retards the setting time, a desirable quality during very hot weather.
• Air-entraining admixtures Creates millions of microscopic bubbles in the cured concrete, allowing

for expansion of permeated water, which freezes and is allowed to expand into these tiny
bubbles, thereby resisting hydraulic pressures caused by the formation of ice.

• Fly ash When added to the concrete mixture, it creates a more dense end product, making the
concrete extremely impermeable to water, which affords more protection to steel reinforcement
contained in the pour. The addition of fly ash can increase ultimate strength to as much as
6500 psi (44.8 MPa), in the process, making the concrete more resistant to abrasion.

• Silica fume Also known as microsilica, it consists of 90 to 97% silicon dioxide, containing
various amounts of carbon that are spherical in size and average about 0.15 microns in size.
These extremely fine particles disperse into the spaces around the cement grains and create
a uniform, dense microstructure that produces concrete with ultra-high compressive strengths,
in the nature of 12,000 (82.73 MPa) to 17,000 psi (117.20 MPa).

• Multifilament or fibrillated fibers This material is not a chemical admixture per se, but several
manufacturers of concrete chemical additives also sell containers of finely chopped synthetic
fibers, generally polypropylene, which, when added to the ready-mix concrete, serves as
secondary reinforcement and prevent cracks.
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3.5.0 Chloride Content in the Mixing Water

Excessive chloride ions in mixing water can contribute to accelerated reinforcing-steel corrosion
and should be a concern when evaluating a mix design. Maximum water-soluble chloride ions, in
various forms of concrete (as a percentage), should not exceed the following:
• Prestressed concrete 0.06%
• Reinforced concrete exposed to chloride in service (e.g., garbage slab) 0.15%
• Reinforced concrete that will be dry and/or protected from moisture infiltration 1.00%
• Other reinforced concrete 0.30%

3.6.0 Guidelines For Mixing Small Batches of Concrete (By Weight)

Guidelines For Mixing Small Batches Of Concrete (By Volume)

3.7.0 Recommended Slumps

The Portland Cement Association recommends the following slumps:

3.8.0 Forms For Cast-ln-Place Concrete

Many different types of forms are on the market: wood, steel, aluminum, and fiberglass. Each
has its advantage and disadvantage; however, some items (form ties and form-release materials)
are common to all forms. Also, numerous types and configurations of form liners are available,
primarily for architectural concrete use.

3.8.1 Maximum Allowable Tolerances for Form Work

The American Concrete Institute (ACI), in their ACI347 Manual, include recommended maximum
allowable tolerances for various types of cast-in-place and precast concrete, for example:
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• Maximum variations from plumb In column and wall surfaces in any 10 feet (3.05 m) of length
¼ inch (6.35 mm)

• Maximum for entire length
½ inch (12.7 mm)

• Maximum variations form established position in plan shown on drawings—walls
¾ inch (19.05 mm)

• Variations in cross-sectional dimensions of beams/slab-wall thickness
Minus:1/8 inch (3.175 mm)
Plus: 1/4  inch (6.35 mm)

3.8.2 Release Agents for Forms

A number of commercially available form release agents are on the market and some contractors
use their own formula, but precautions are necessary, in some instances, to protect the form
material:

Form face material Release agent comments and precautions.

Wood forms Oils penetrate wood and extend its life.

Unsealed plywood Apply a liberal amount of release agent several days before using, then wipe off,
so only a thin layer remains prior to placing concrete.

Sealed/overlaid plywood Do not use diesel oil or motor oil on HDO/MDO plywood. Products
containing castor oil can discolor concrete.

Steel Use a product with a rust inhibitor.

Aluminum Avoid products that contain wax or paraffin.

Glass-fiber reinforced Follow the form manufacturer’s recommendation to avoid damage to forms.

Rigid plastic forms Follow the form manufacturer’s recommendations to avoid damage to forms.

Elastomeric liners These often do not require release agents, but using the proper agent can prolong
life. When deep textures are required, release agents should be used. Follow the manufacturer’s
recommendations to avoid damage to forms.

Foam expanded plastic liners Petroleum-based agents can dissolve thew foam. These liners are generally
“one-time” use only.

Rubber liners/molds Do not use petroleum, mineral oil, or solvent-based form oils to avoid damage
to liner.

Concrete molds Avoid chemically active release agents and avoid match-cast or slab-on-slab work
when the casting surface used as the form is only a few days old.

Controlled-permeability forms No release agent required.

Plaster waste molds Pretreat the mold with shellae or some other type of waterproof coating. Yellow
cup grease (thinned) is an effective release agent.
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3.8.3 Principal Types of Commercially Available Form Ties

By permission Aberdeen’s Concrete Construction
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3.9.0 Curing of Concrete

To attain design strength, curing is a crucial part of the cast-in-place concrete process in order
that the proper amount of moisture content and ambient temperature is maintained immediately
following the placement of the concrete. The optimum curing cycle will take into account the
prevention or replenishment of moisture content from the concrete and the maintenance of a
favorable temperature for a specific period of time. During winter months, temporary protection
and heat is required in conjunction with the curing process and during summer months; moisture
replenishment becomes an integral part of the curing process.

3.9.1 Curing Procedures

1. Apply a membrane-curing compound—either by spraying or rolling on the surface immediately
after the troweling process on slabs has ceased, or on walls, columns, beams, after the forms
have been removed.

2. Curing by water in other than cold-weather conditions is acceptable, as long as it is continuous.
3. Waterproof paper, applied directly over the concrete surface after it has received a spray of

water, is often effective.
4. Damp burlap, free of foreign substances that could leach out and stain the concrete, is also a

proven curing procedure, as long as the burlap is kept moist.
5. Polyethylene sheets can be used as a blanket in much the same manner as waterproof paper,

as long as its edges are lapped and sealed properly.
6. Damp sand or straw is also used on occasion, when nothing else is available. These materials

must also be sprayed from time to time to maintain the moisture content.

The length of curing depends upon a number of factors, including the type of cement used
and ambient temperatures. The following can be used as a guideline to determine the length of
curing time.

3.9.2 Curing at 50 Degrees F—Air Entrained Concrete

Curing at 70 Degrees F (21 Degrees C.) Days—Air Entrained Concrete
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3.10.0 Concrete-Reinforcing Bar-Size/Weight Chart

Because of concrete’s low resistance to shear and tensile strength, the type configuration and
placement of reinforcement is crucial to achieve the project’s design criteria. The most common
form of concrete reinforcement is the deformed reinforcing bar and welded wire fabric. The
most commonly used reinforcing bars are set forth in the following chart.
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3.10.1 Material Specifications for Reinforcing Bars

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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3.10.2 Mechanical/Chemical Requirements for Reinforcing Bars

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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3.10.3 Welded Wire Fabric (WWF)

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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3.10.3.1 Common Styles of Welded-Wire Fabric

This specification includes requirements for the epoxy-coating material; surface preparation of
the steel prior to application of the coating; the method of application of the coating; limits on
coating thickness; and acceptance tests to ensure that the coating was properly applied. Small
spots of coating damage might occur during handling and processing of the coated wire or WWF.
All damaged areas of coating must be repaired (touched-up) with patching material.

Certain styles of welded wire fabric as shown in Table 1 have been recommended by the Wire
Reinforcement Institute as common styles. WWF manufacturers can meet specific steel area requirements
when ordered for designated projects, or, in some localities, can be available from inventory.

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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3.10.3.2 Welded-Wire Fabric Identification

Welded-wire fabric rolls can be manufactured in any lengths, up to the maximum weight per roll
that is convenient for handling. The lengths of rolls vary with the individual manufacturing
practices of different producers. Typical lengths are 100, 150, and 200 ft. Sheet or roll length is
defined as the length, tip to tip, of longitudinal wires. This length should be a whole multiple of
the transverse wire spacing.

The sum of the two end overhangs on either sheets or rolls should be equal to one transverse wire
spacing. Unless otherwise specified, each end overhang equals one half of a transverse spacing.

Epoxy-coated wire and welded-wire fabric are being used in reinforced-concrete construction as a
corrosion-protection system. Coated fabric is also used in reinforced earth construction, such as
mechanically stabilized embankments.

The ASTM A884 specification covers the epoxy coating of plain and deformed steel wire, and
plain and deformed steel welded-wire fabric. The specification defines two classes of coating thickness:
Class A is intended for use as reinforcement in concrete and Class B as reinforcement in earth. Class
A coating thickness after curing should be 7 to 17 mils, inclusive, and Class B has a minimum thickness
of 18 mils.

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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3.10.4 Recommended Industry Practices for Rebar Fabrication

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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3.10.4.1 Recommended Industry Practices for Rebar Fabrication (Continued)

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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3.10.4.2 Recommended Industry Practices for Rebar Fabrication (Continued)

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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3.10.4.3 Recommended Industry Practices for Rebar Fabrication (Continued)

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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3.11.0 Reinforcing Bar Supports (Typical Types)

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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3.11.1 Typical Wire Size and Geometry of Bar Supports

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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3.11.2 Typical Types of Bar Supports for Precast Concrete

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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3.11.3 All-Plastic Bar Supports

Epoxy-coated reinforcing bars have become a widely used corrosion-protection system for
reinforced concrete structures. Compatible types of bar supports should be used to support
epoxy-coated reinforcing bars. The purpose of the compatible types of bar supports is to minimize
damage to the coating on the bars during field placing of the coated bars, and not to introduce a
potential source of corrosion at, and in close proximity to the point of contact of the bar supports
with the coated bars. CRSI recommends:
1. Wire bar supports should be coated entirely with dielectric material, such as epoxy or plastic,

compatible with concrete, for a distance of at least 2 in. from the point of contact with the
epoxy-coated reinforcing bars, or;

2. Bar supports should be made of dielectric material. If precast concrete blocks with embedded
tie wires or precast concrete doweled blocks are used, the wires or dowels should be
epoxy-coated or plastic coated; or;

3. Reinforcing bars that are used as support bars should be epoxy coated. In walls reinforced
with epoxy-coated bars, spreader bars, where specified by the architect/engineer, should be
epoxy-coated. Proprietary combination bar clips and spreaders that are used in walls with
epoxy-coated reinforcing bars should be made of corrosion-resistance material or coated
with dielectric material.

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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3.11.4 Sequence of Placing Bar Supports (Two-Way Flat Plate Slab)

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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3.11.4.1 Sequence of Placing Bar Supports (Two-Way Flat Slab)

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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3.11.5 Bar Supports on Corrugated Steel Forms

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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3.12.0 Notes on the Metrication of Reinforcing Steel

By permission Concrete Reinforcing Steel Institute, Schramsburg, Illinois
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4.0.0 History of Masonry

The first recorded brick masonry units were made by the Egyptians in 10,000 BC and the Romans
used brick in many of their structures 2000 years ago. At the Great Pyramid of Giza in Egypt is
the first recorded use of mortar. Brick manufacture and use occurred in the mid 1600s and was
patterned on English methods and practices. It was not until 1930, however, that cavity wall
construction (as we know it today) was introduced into the United States from Europe as a
means of controlling moisture. This method provides a physical separation between the inner
and outer wythes to serve as a drainage cavity for water, which would be expelled through weep
holes in the outer wythe.

Masonry today is primarily devoted to the construction of brick, block, structural clay products,
and natural and cast stone. Walls can be basically categorized as load bearing or nonload bearing
walls, cavity walls, veneer walls, and solid walls. No matter the type of material used or the method by
which the masonry wall is constructed, two components remain crucial: mortar and wall reinforcement.

4.1.0 Mortar

Mortar is the bonding agent that holds all of the masonry units together. Bond strength is the
crucial element that differs from its close relative, concrete, where compressive strength is the
most important physical property.

Mortar serves four functions:
1. It bonds the masonry units together and seals the space between them.
2. It allows for dimensional variations in the masonry units while still maintaining a high degree

of levelness.
3. It bonds to the reinforcing steel in the wall.
4. It provides an added decorative effect to the wall inasmuch as various colors or tooled joints

can be introduced.

4.1.1 Mortar Types

• Type M High compressive strength (2500 psi average), containing greater durability than
other types. Therefore, it is generally recommended for unreinforced masonry walls below
grade.

• Type S Reasonable high compressive strength (1800 psi average) and having great tensile
bond strength. It is usually recommended for reinforced masonry walls, where maximum
flexural strength is required.

• Type N Mid-range compressive strength (750 psi average) and suitable for general
above-grade masonry construction for parapets and chimneys.

• Type O Low compressive strength (350 psi average) and suitable for interior nonload-bearing
masonry walls.

• Type K Very low compressive strength (75 psi average) and occasionally used for interior
non-load-bearing walls, where permitted by local building codes.

Workability or plasticity of the mortar is an essential characteristic of proper mortar mixes. The
mortar must have both cohesive and adhesive qualities when it makes contact with the masonry units.
Hardness or high strength is not necessarily a measure of durability. Mortar that is stronger than the
masonry units to which it is applied might not “give,” thereby causing stress to be relieved by the
masonry units. This could result in these units cracking or spalling.

4.1.2 Mortar Additives

Like concrete, mortar admixtures can be added for many reasons:
• Accelerators To speed up the setting time by 30 to 40% and increase the 24-hour strength.

Some accelerators contain calcium chloride and are not acceptable to the architect/engineer.

Masonry
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• Retarders Extends the board life of the mortar by as much as 4 to 5 hours. It slows down the
set time of mortar when temperatures exceed 70 degrees F.

• Integral water repellents It reduces water absorption and is useful when a single wythe wall will
be exposed to the elements.

• Bond modifiers Improves adhesion to block. It is particularly useful when glass block walls are
being built.

• Corrosion inhibitors Used in marine environments where salt air could penetrate the mortar
and begin to corrode any wall reinforcement.

4.1.3 Mortar Testing

Mortar testing is performed by the “prism” test method, in accordance with ASTM E 447, Method
B. The compressive strength is the average strength of three prisms.

4.1.4 Compressive Strength of Masonry, Based Upon Type of Mortar

Masonry
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4.1.5 Compressive Strength of Mortars Made with Various Types of Cement

By permission from the Masonry Society, ACI, ASCE from their manual Building Code Requirements for Masonry Structures
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4.1.6 Allowable Compressive Stresses for Masonry

By permission from the Masonry Society, ACI, ASCE from their manual Building Code Requirements for Masonry Structures
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4.1.7 Foundation Wall Construction (Depth of Unbalanced Back Fill)

4.2.0 Brick Sizes (Nomenclature)

By permission from the Masonry Society, ACI, ASCE from their manual Building Code Requirements for Masonry Structures

Reprinted by permission: Brick Institute of America, Reston, Virginia
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4.2.1 Other Brick Sizes

Reprinted by permission: Brick Institute of America, Reston, Virginia
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4.2.2 Modular and Nonmodular Brick Sizes

4.2.3 Brick Positions in a Wall

Reprinted by permission: Brick Institute of America, Reston, Virginia
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4.2.4 Traditional Bond Patterns (lllustrated)

Reprinted by permission: Brick Institute of America, Reston, Virginia
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4.2.5 Traditional Bond Patterns Explained

Standard patterns for brick walls are:

• Running bond The simplest of all brick structures, this pattern consists of all stretchers. Metal
ties are used when this type of wall is used in cavity-wall or veneer-wall construction.

• Common or American bond A variation of the running bond, this pattern introduces a course of
full-length headers at regular intervals, generally every fifth, sixth, or seventh course.

• English bond This pattern consists of alternate courses of headers and stretchers. The headers
are centered on the stretchers and joints between stretchers in all courses are aligned vertically.

• English cross or Dutch bond This is a variation on the English Bond, but it differs in that vertical
joints between the stretchers in alternate courses do not align vertically.

4.2.4 Traditional Bond Patterns (lllustrated) (Continued)

Reprinted by permission: Brick Institute of America, Reston, Virginia
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• Flemish bond Each course of brick consists of alternate stretchers and headers. Headers in
alternate courses are centered over the stretchers in the intervening courses. Half brick or
“snapped” headers can be used where structural bonding between two whythes is not required.

• Block or stacked bond There is no overlapping of units because all vertical joints are aligned.
Generally, this patterned wall is bonded to the backing with rigid steel ties and reinforcement
in the horizontal mortar joints.

4.2.6 Brick Arches (lllustrated)

Reprinted by permission: Brick Institute of America, Reston, Virginia
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4.3.0 Estimating Concrete Masonry
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4.3.1 Horizontal Brick Coursing

Reprinted with permission: brick Institute of America, Reston, Virginia
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4.3.2 Nominal Height of Brick and Block Walls by Coursing
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4.4.0 Typical Atlas Brick Construction

Reprinted with permission from Interstate Brick, West Jordan, Utah
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4.4.1 Brick Orientation (lllustrated)

Reprinted with permission from Interstate Brick, West Jordan, Utah
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4.4.2 Corner, Beam, and Jamb Details

Reprinted with permission from Interstate Brick, West Jordan, Utah
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4.4.3 Pilaster and Parapet Wall Details

Reprinted with permission from Interstate Brick, West Jordan, Utah
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Reprinted with permission from Interstate Brick, West Jordan, Utah

4.4.4 Flashing Details
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4.4.5 Flashing and Caulking Details at Brick-Relieving Angles
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4.4.6 Miscellaneous Flashing Details

Metal flashing details for cavity and block back-up brick wall.

By permission AFCO Products, Inc., Somerville, MA
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4.4.7 Pilaster Details

By permission from the Masonny Society, ACI, ASCE from their manual Building Code Requirements for Masonry Structures
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4.4.8 Corbeling Limitations

By permission from the Masonny Society, ACI, ASCE from their manual Building Code Requirements for Masonry Structures

4.4.9 Wall-Elevation Sections

By permission from the Masonny Society, ACI, ASCE from their manual Building Code Requirements for Masonry Structures
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4.4.10 Bearing Areas, Running Bond at Intersections

By permission from the Masonny Society, ACI, ASCE from their manual Building Code Requirements for Masonry Structures
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4.5.0 Grout Strengths/Proportions by Weight and Volume

Reprinted by permission: Brick Institute of America, Reston, Virginia
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4.6.0 Tile-Wall Systems

Innovative wall systems, utilizing thin tile as wall coverings, provide exciting design opportunities
in today’s competitive building market. Various concepts (see schematics), either prefabricated
as panels in the factory or set-in-place on site, offer numerous wall-system options. Design
assistance and cost analysis are available through local tile contractors or panel fabricators.

Tile Cladding Benefits:

• Design freedom
• Lightweight construction
• Quick installation
• Economical in-place cost
• Durability and fire resistance
• Increased insulation value
• All-weather construction

By permission Endicott Clay Products Co., Fairbury, Nebraska
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4.6.1 Standard Tile-Cladding Shapes

By permission Endicott Clay Products Co., Fairbury, Nebraska
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4.7.0 Glass Block (Typical Sill Details)

Glass block is often used in Building Construction, however, installation details vary considerably
from brick- or block-wall construction.

By permission Pittsburgh Corning Glass Block, Pittsburgh, Pennsyivania
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4.7.1 Glass Block (Typical Head and Jamb Details)

By permission Pittsburgh Corning Glass Block, Pittsburgh, Pennsyivania
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4.7.2 Glass Block (Typical Panel Anchor Details)

By permission Pittsburgh Corning Glass Block, Pittsburgh, Pennsyivania
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4.8.0 Masonry Reinforcement (Types of Ties)

Whenever a double wythe wall is constructed or a cavity wall containing a masonry veneer is
built, anchors, ties, or reinforcement is required to stabilize the two components. Seismic
requirements add other components to the conventional masonry wall reinforcement to stabilize
the structure in case of a seismic event.

Reprinted by permission: Brick Institute of America, Reston, Virginia
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4.8.1 Masonry Reinforcement (Materials and Physical Properties of Bars/Wire)

        

Reprinted by permission: Brick Institute of America, Reston, Virginia
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4.8.2 Wall Anchorage Details

By permission from the Masonny Society, ACI, ASCE from their manual Building Code Requirements for Masonry Structures
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4.8.3 Truss and Ladur Reinforcement

By permission from Dur-O-Wall, Inc., Arlington Heights, Illinois
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4.8.4 Masonry Wall Ties

By permission from Dur-O-Wall, Inc., Arlington Heights, Illinois
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4.8.5 Masonry Veneer Anchors

By permission from Dur-O-Wall, Inc., Arlington Heights, Illinois
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4.8.6 Seismic Masonry Veneer Anchors

By permission from Dur-O-Wall, Inc., Arlington Heights, Illinois
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4.8.7 Seismic Masonry Ladur and Comb Reinforcement

By permission from Dur-O-Wall, Inc., Arlington Heights, Illinois

4.9.0 Investigating Unstable Masonry Conditions to Prevent Failures

Although masonry walls are extremely durable, “old age” and neglect can take its toll on even
the most durable structure. When inspecting a masonry facade for potential problems and
restoration, a number of contributing factors must be considered. Often, it is necessary to cut
out a small section of wall in the area/areas where failures are suspected.

The following checklist will aid in this investigation:
1. When initially built, were all ties and anchors installed as required?
2. Were the ties properly installed (e.g., embedded adequately in the bed joint and connected to

the backup correctly)
3. Does there appear to be excessive differential wall movement caused by thermal movement,

settlement, or freeze/thaw conditions?
4. Were the proper size and type of ties/anchors used to avoid stresses that exceed the facade

materials’ capacity?
5. Were the proper type of expansion and control joints installed at the proper distances?
6. Have the ties, anchors, fasteners, relieving angles, and lintels corroded because of moisture

being trapped? Is there accelerated corrosion from chlorides or has galvanic action taken
place because of a combination of carbon steel anchors in contact with dissimilar materials?

7. Has excessive water penetrated the wall system from any poorly maintained parapet flashings
or roof-coping flashings?

Masonry
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8. Have the caulk joints been allowed to deteriorate?
9. Have the weep holes been caulked when maintenance caulking was performed and have the

lintels been caulked at the point where brick is bearing on them?
10. Have the mortar joints deteriorated and not been tuckpointed during routine maintenance

inspections?

4.9.1 Fire Resistance Ratings of Various Concrete Masonry Units and Assemblies

Listed is the minimum required equivalent thickness of concrete masonry assembly (inches and
centimeters, metric in parenthesis)

Reinforced Concrete Masonry Columns

Reinforced Concrete Masonry Lintels

Equivalent Thickness of Concrete Masonry Units

Masonry
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5.0.0 History of Steel and Grades of Structural Steel

Iron was produced by primitive man by placing iron ore and charcoal in a clay pot and building
a fire in the pot, using a crude bellows to provide the forced draft that deposited iron at the
bottom. It was not until the mid-1800s that Henry Bessemer, an English metalurgist, developed
a process whereby forced air was introduced into the iron-refining procedure raising the
temperature of the crucible so that impurities in the molten pig iron were burned away. In the
process, a more malleable metal, steel, was created.

Various minerals and metals are added to molten steel nowadays to enhance certain characteristics:

• Nickel Improves the hardenability of steel and increases impact strength at low temperatures.
• Sulfur Increases machinability.
• Manganese Increases strength and hardness.
• Carbon The principal hardening agent in steel.
• Molydenum Prevents brittleness.
• Vanadium Gives steel a fine grain structure and improves the fatigue values.
• Silicon Improves strength. It is a deoxidizer.
• Phosphorous Improves the machinability of high-sulfur steels and imparts some resistance to

corrosion.

ASTM Structural Steel Specifications
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5.1.0 Surface Area/Box Areas of “W” Shapes (W4 to W12)

By permission of the American Institute of Steel Construction, Chicago, III.
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5.1.1 Surface Area/Box Areas of “W” Shapes (W12 to W18)

By permission of the American Institute of Steel Construction, Chicago, III.
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5.1.2 Surface Area/Box Areas of “W” Shapes (W18 to W36)

By permission of the American Institute of Steel Construction, Chicago, III.
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5.2.0 Standard Mill Practices (Camber)

By permission of the American Institute of Steel Construction, Chicago, III.
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5.2.1 Standard Mill Practices (“W” Shape Tolerances)

By permission of the American Institute of Steel Construction, Chicago, III.
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5.3.0 Suggested Details Beam-Framing

By permission of the American Institute of Steel Construction, Chicago, III.
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5.3.1 Suggested Column Base Plate Details

        

By permission of the American Institute of Steel Construction, Chicago, III.

Structural Steel, Joists, and Metal Decks



146 Section 5

5.3.2 Suggested Structural Steel Erection Details (Miscellaneous)

By permission of the American Institute of Steel Construction, Chicago, III.
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5.4.0 Welded Joints (Standard Symbols)

By permission of the American Institute of Steel Construction, Chicago, III.
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5.5.0 Threaded Fasteners (Bolt Head Shapes)

By permission of the American Institute of Steel Construction, Chicago, III.
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5.5.1 Threaded Fasteners (Weight of Bolts)

By permission of the American Institute of Steel Construction, Chicago, III.

Structural Steel, Joists, and Metal Decks



150 Section 5

5.5.2 Threaded Fasteners (Weight of ASTM A325 or A490 Bolts)

Heavy hex structural bolts with heavy hex nuts in pounds per 100

By permission of the American Institute of Steel Construction, Chicago, III.
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5.5.3 Properties of Heavy Hex Nuts and Identifying Marks

By permission of Nucor Fastener division of Nucor Corp., St. Joe, Indiana
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5.5.4 Bolt Diameters and Standard Hole Dimensions

By permission of Nucor Fastener division of Nucor Corp., St. Joe, Indiana
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5.5.5 Capscrews/Bolts/Heavy Hex Nut Identifying Marks

By permission of Nucor Fastener division of Nucor Corp., St. Joe, Indiana
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5.5.6 Dimensions of Finished Hex Nuts

By permission of Nucor Fastener division of Nucor Corp., St. Joe, Indiana
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5.5.7 Dimensions of Finished Hex Bolts
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5.5.8 Tension Cntrol (TC) Bolt Installation Procedures

Tru-Tension™ Fasteners are designed to be installed with various types of lightweight portable
electric wrenches specifically intended for use with this style of structural fastener. They can be
utilized for any applications where A325 and A490 bolts are specified. The installation tool has
an inner socket, which engages the spline tip of the bolt spline, and when the tension is sufficient
in the fastener, the spline tip simply twists off, leaving the tightened bolt correctly installed in the
connection.

By permission of Nucor Fastener division of Nucor Corp., St. Joe, Indiana
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5.5.9 Tru-Tension (TC) Bolt-Assembly Specifications

By permission of Nucor Fastener division of Nucor Corp., St. Joe, Indiana
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5.6.0 Major Characteristics of Joist Series**

5.6.1 General Information on K Series Joists

• Economical
• High strength
• Design Vulcraft K Series open web steel joists are designed in accordance with specifications of

the Steel Joist Institute.
• SJI spans to 60’0"
• Paint Vulcraft joists receive a shop-coat of rust-inhibitive primer, whose performance

characteristics conform to those of the Steel Joist Institute specifications 3.3

Standing Beam Bridging

The bridging table was developed to support the top chords against lateral movement during the
construction period. It is then intended that the floor or roof deck will laterally support the top
chords under a full loading condition by meeting the provisions of Section 5.8 of the specifications.
Most standing-seam roof systems will not adequately brace the top chords laterally with the
number of rows as required by the bridging table. We, therefore, recommend that when standing-
seam roof systems are specified, the specifying engineer employ a note to have the joist
manufacturer to check the system and to provide bridging as required to adequately brace the
top cords against lateral movement under a full-loading condition.

By permission of Nucor Research and Development, Norfolk, Nebraska
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Uplift Bridging

Where uplift forces caused by wind are a design requirement, these forces must be indicated on
the structural drawings in terms of net uplift in pounds per square foot or pounds per lineal foot.
When these loads are specified, they must be considered in the design of joists and bridging. A
single line of bottom chord bridging must be provided near the first bottom cord panel points
whenever uplift from wind load is a design consideration.

By permission of Nucor Research and Development, Norfolk, Nebraska
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5.6.2 Standard Specifications for Open Web Joists (K Series)

By permission of the Steel Joist Institute, Myrtle Beach, South Carolina
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5.6.3 K Series Open Web Steel Joists

Top Chord Extensions and Extended Ends

Joist extensions are commonly furnished to support a variety of overhang conditions. The two
types are pictured. The first is the top chord extension or “S” type, which has only the top chord
angles extended. The second is the extended end or “R” type in which the standard 2½" end-
bearing depth is maintained over the entire length of the extension. The “S” type extension is so
designated because of its simple nature whereas the “R” type involves reinforcing the top chord
angles. The specifying authority should be aware that an “S” type is more economical and should
be specified whenever possible.

The following load tables for K-series top chord extensions and extended ends have been developed
as an aid to the specifying authority. The black number in the tables is the maximum allowable
uniform load in pounds per linear foot. The blue number is the uniform load, which will produce an
approximate deflection of L1/240, where L1 is the length of the extension. The load tables are applicable
for uniform loads only If there are concentrated loads/and or non-uniform loads, a loading diagram
must be provided by the specifying authority on the contract drawings. In cases where it is not possible
to meet specific job requirements with a 2½" deep “R” type extension (refer to “S” and “I” values in
the Extended End Load Table), the depth of the extension must be increased to provide greater load-
carrying capacity. If the loading diagram for any condition is not shown, the joist manufacturer will
design the extension to support the uniform load indicated in the K-Series Joist Load Table for the
span of the joist.

When top chord extensions or extended ends are specified, the allowable deflection and the bracing
requirements must be considered by the specifying authority.

Note that an “R” type extension must be specified when building details dictate a 2½" depth at
the end of the extension. In the absence of specific instructions, the joist manufacturer could provide
either type.

By permission of the steel Joist Institute, Myrtle Beach, South Carolina
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5.6.4 General Information (LH and DLH Series Joists)

• High strength
• Economical
• Design Vulcraft LH and DLH series long-span steel joists are designed in accordance with
the specifications of the Steel Joist Institute.
• Roof spans to 144'
• Floor spans to 120'
• Paint Vulcraft joists receive a shop-coat of rust inhibitive primer whose performance characteristics
conform to those of the Steel Joist Institute specification 102.4.

By permission of Nucor Research and Development, Norfolk, Nebraska
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5.6.5 LH and DLH Series Longspan Steel Joists

Standard Types

Longspan steel joists can be furnished with either underslung or square ends, with parallel chords,
or with single- or double-pitched top chords to provide sufficient slope for roof drainage.

The Longspan joist designation is determined by its nominal depth at the center of the span,
except for offset double-pitched joists, where the depth should be given at the ridge. A part of the
designation should be either the section number or the total design load over the design live load (TL/
LL given in plf). All pitched joists will be cambered in addition to the pitch.

Nonstandard Types

The following joists can also be suppled by Vulcraft, however, the district sales office or manufacturing
facility nearest you should be contacted for any limitations in depth or length that they might have.

By permission of Nucor Research and Development, Norfolk, Nebraska
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5.6.5 LH and DLH Series Longspan Steel Joists (Continued)

By permission of Nucor Research and Development, Norfolk, Nebraska
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5.7.0 Joist Girders (What Are They?)

Joist girders are primarily framing members. The design is simple span supporting equally spaced
concentrated loads from open-web steel joists. These concentrated loads are considered to act at
the panel points of the joist girder. Joist girders are designed to allow for the efficient use of steel
in longer spans for primary framing members.

The following weight tables list joist girders from 20" to 96" deep and spans up to 100 feet. (For
depths and lengths not listed, contact Vulcraft.) The depth designation is determined by the nominal
depth at the center of the span, except for offset double-pitched girders, where the depth is determined
at the ridge.

The standard configuration of a joist girder is a parallel chord with underslung ends and bottom
chord extensions. (Joist girders can be furnished in other configurations.) The standard depth of
bearing for joist girders is 6* inches at the end of the bearing seat.

The standard method of connecting girders to columns is two ¾" diameter A325 bolts. A loose
connection of the lower chord to the column or other support is required during erection in order to
stabilize the lower chord laterally and to help brace the joist girder against overturning. Caution: If a
rigid connection of the bottom chord is to be made to column or other support, it is to be made only
after the application of the dead loads. The joist girder is then no longer simply supported and the
system must be investigated for continuous frame action by the specifying engineer.

Joist girders along the perimeter, with joists coming in from one side only, and those with unbalanced
loads must be designed so that the reactions pass through the center of the joist girder.

The weight tables list the approximate weight per linear foot for a joist girder supporting the panel
point loads given by the specifying engineer. Note: The weight of the joist girder must be included in
the panel point load.

For calculating the approximate deflection or checking ponding the following formula can be used
in determining the approximate moment of inertia of the joist girder.

Where N=number of joist spaces, P=panel point load in kips, L=joist girder length in feet,
and d=effective depth of the joist girder in inches. Contact Vulcraft if a more exact joist girder
moment of inertia must be known.

*Increase seat depth to 7½ inches if weight of joist girder appears to the right of the stepped blue lines in the weight tables.

By permission of Nucor Research and Development, Norfolk, Nebraska
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5.7.1 Joist Girder Notes and Connection Details

By permission of Nucor Research and Development, Norfolk, Nebraska
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5.7.2 Joist Girder Moment Connection Details

By permission of Nucor Research and Development, Norfolk, Nebraska
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5.7.3 Specifying Joist Girders

For a given joist girder span, the designer first determines the number of joist spaces. Then the
panel point loads are calculated and depth is selected. The following tables gives the Joist Girder
weight per linear foot for various depths and loads.

By permission of Nucor Research and Development, Norfolk, Nebraska
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5.8.0 Recommended Maximum Spans for Steel Decking

Copyright 1995 Steel Deck Institute. Reprinted with permission.
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5.8.1 Methods of Lapping Steel Deck

Copyright 1995 Steel Deck Institute, Reprinted with permission.
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5.8.2 Noncomposite and Composite Deck Details

By permission of Nucor Research and Development, Norfolk, Nebraska
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5.8.3 Pour-Stop Selection Table

Allowable cantilever of metal deck where pour stops are required.

Copyright 1992 Reprinted with Permission of Steel Deck Institute
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5.8.4 Cellular Floor-Deck and Form-Deck Profiles

Copyright 1995 Steel Deck Institute. Reprinted with permission.
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5.8.5 Composite Floor-Deck and Roof-Deck Profiles

Copyright 1995 Steel Deck Institute. Reprinted with permission.
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5.8.6 Reinforcing Openings in Steel Decks

Methods of cutting and reinforcing penetrations through decking.

Copyright 1995 Steel Institute. Reprinted by permission.
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5.8.7 Example of 6" Penetration in Steel Deck

Copyright 1995 Steel Deck Institute. Reprinted with permission.
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5.8.8 Maximum Spans for Roof Deck

Copyright 1992 Reprinted with permission Steel Deck Institute.
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5.9.0 Fire Resistance Ratings for Roof Decks

Copyright 1992 Reprinted with permission Steel Deck Institute
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5.9.1 Floor Ceiling Fire-Resistance Ratings with Steel Joist

By permission of Nucor Research and Development, Norfolk, Nebraska
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The numerous species of wood can be divided into two basic classifications: softwood and
hardwood. These classifications do not necessarily refer to the hardness or softness of the species,
but rather by the type of tree from which the wood is taken.

6.0.0 Introduction to Softwoods, Hardwoods, and Lumber Terminology

Hardwood comes from trees that shed their leaves at the end of a growing season (such as oak,
hickory, chestnut, elm, maple, and birch). Softwoods, on the other hand, are trees, such as
evergreens, that do not shed their leaves (cedar, pine, hemlock, larch, and spruce, for example).
Hardwoods are generally used for flooring, furniture, cabinetry, and millwork. Softwoods find
wide application as framing members, although some species of pine are used as shelving or are
incorporated into various types of millwork.

The characteristics of wood vary from tree to tree as well as from section to section within a tree.
Therefore, some method is required to select and grade pieces of lumber cut from a tree to form some
degree of uniformity. Then organizations were established to set the standards for various grades of
lumber. They have the authority to inspect member mills to ensure that the buyer receives the quality
they bargain for.

6.1.0 Introduction to Western Wood Products Association (WWPA) and Southern Pine Inspection
Bureau (SPIB)

The Western Wood Products Association (WWPA) was formed around 1900. By 1924, various
other grading associations in the United States developed product standards with the assistance
of the U.S. Department of Commerce. The WWPA, headquartered in Portland, Oregon establishes
standards of size and levels of quality for a variety of western softwoods. Its inspectors regularly
visit member mills to ensure that the quality and production of these mills meet pre-established
standards. Only then is the mill allowed to stamp their product with the approved WWPA
certification. Softwood lumber is further classified according to extent of manufacture:

• Rough lumber Lumber that has not been dressed, but only sawn edged and trimmed to the
extent of showing saw marks on all four sides.

• Dressed or surfaced lumber Lumber that has been run through a surfacing machine to achieve a
smooth and uniform surface on one side (S1S), two sides (S2S), one edge (S1E), two edges
(S2E), all four sides (S4S), or any combination thereof.

• Worked lumber Lumber that, in addition to being dressed or surfaced, has been matched,
shiplapped or tongue and grooved.

• Resawn lumber Lumber that is dressed before resawing and not afterward. Uniformity of thickness
does not characterize resawn lumber.

The Southern Pine Inspection Bureau (SPIB) in Pensacola, Florida establishes the grading rules
for four principle species of Southern pine: longleaf (pinus palustris), slash (pinus elliottii), shortleaf (pinus
echinata), and loblolly (pinus eaeda). A few other species of negligible or less importance to the construction
industry are also included.
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6.2.0 American Lumber Standards Committee (ALSC) and Wood Preservatives

The American Lumber Standard Committee (ALSC) also stamps lumber and is administered by
the U.S. Department of Commerce. The ALSC provides supervisory inspections for pressure-
treated wood products and has established a series of abbreviations for the various types of
wood preservatives in use today.

CCA chromated copper arsenate
ACA ammoniacal copper arsenate
ACZA ammoniacal copper zine arsenate
ACC acid copper chromate
ACQ ammoniacal copper quat. type-B
COPPER NAP copper naphthenate
PENTA pentachlorophenol
CREOSOTE creosote and/or solutions
BORATE borates
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6.2.1 ALSC Pressure-Treated Wood-Stamp Markings

By permission of American Lumber Standard Committee, Inc.
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6.2.2 ALSC Registered Trademarks

By permission of American Lumber Standard Committee, Inc.
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6.3.0 Moisture Content in Lumber

Both the WWPA and the SPIB have similar standards to designate moisture content in the
lumber bearing their grading stamps. The moisture content of lumber is the weight of water
contained in the lumber, expressed as a percentage of weight of the wood from which some water
has been removed. Dry lumber is defined as having a moisture content of 19% or less; lumber
with a moisture content in excess of 19% is classified as unseasoned lumber.

When standard-sized dry lumber is grade-stamped, the grade stamp will indicate the condition of
“seasoning” as either MC15, KD15, S-DRY, or KD.

• MC-15 Lumber surfaced with a moisture content of 15% or less.
• KD-15 Kiln-dried lumber, surfaced, with a moisture content of 155/8 or less (kiln-dried lumber

is lumber that has been heat-seasoned in a chamber to produce a predetermined moisture
content).

• S-DRY Lumber surfaced with a moisture content of 19% or less.
• KD Kiln-dried lumber with a moisture content of 19% or less.
• S-GRN Unseasoned lumber with a moisture content in excess of 19%.

It is important to note that restrictions on moisture content apply at the time of shipment, as well
as the time when it was surfaced. When lumber is shipped on open conveyances where it is
susceptible to picking up moisture, the seller is relieved of any moisture content restrictions as
long as the buyer is notified of the method of shipment (e.g., open-to-the-weather trucks, rail
cars, or even ships) and agrees to this method of shipment.
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6.4.0 WWPA Guide to Understanding Grade Stamps

By permission of Western Wood Products Association
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6.4.1 Species of Wood Included in WWPA Jurisdiction

By permission Western Wook Products Association
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6.4.2 Species Identification and Facsimile Grade Stamps

Reprinted by permission from Western Woods Products Assoc., Portland, Oregon
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6.4.3 Design Values for Various Species of Western Wood Products

By permission of Western Wood Products Association
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6.4.4 Adjustment Factors for Base Values of Western Wood Products

By permission of Western Wood Products Association
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6.4.5 Additional Adjustment Factors for Western Wood Dimension Lumber

By permission of Western Wood Products Association
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6.5.0 Standard Sizes for Western Wood Finish and Selects (Dry Lumber)

The metric dimensions listed in these rules are calculated at 25.4 millimeters (mm) times the
actual dimension in inches, rounded to the nearest millimeter. In case of a dispute on size
measurements, the conventional (inch) method of measurement shall take precedence.

By permission of Western Wood Products Association
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6.5.1 Standard Sizes for Western Wood Common Boards, Studs, and Battens

By permission of Western Wood Products Association

Wood and Lumber Products



Wood and Lumber Products 195

6.5.2 Western Wood Scaffolding Sizes and Design Values

By permission of Western Wood Products Association
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6.6.0 American Softwood Standards for Boards and Timbers

National Institute of Standard and Technology
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6.6.1 American Softwood Standards for Shiplap and Centermatch Lumber

National Institute of Standard and Technology
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6.6.2 American Softwood Standards for Worked Lumber

National Institute of Standard and Technology
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6.6.3 American Softwood Standards for Siding (19% Moisture Content)

National Institute of Standards and Technology
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6.6.4 American Softwood Standards for Finish, Floor, and Ceiling Partition Lumber

National Institute of Standards and Technology
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6.7.0 Specifying Southern Pine Lumber (Grade Stamp Markings)

By permission of Southern Pipe Inspection Bureau
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6.7.1 Southern Pine Span Tables for Joists

By permission of Southern Pine Council
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6.7.2 Southern Pine Span Tables for Wet-Service Joist and Rafters

By permission of Southern Pine Council
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6.7.3 Spans for Various Southern Pine Species

6.7.4 Extent of Notching of Structural Pine Framing Members

By permission of Southern Pine Council
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6.7.5 Southern Pine Rafter Spans and Birdsmouth Data

By permission of Southern Pine Council

Wood and Lumber Products



206 Section 6

6.7.6 Conversion Diagram for Southern Pine Rafters

By permission of Southern Pine Council
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6.8.0 Properties of Sections of Southern Pine Framing Members

By permission of Southern Pine Council
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6.8.1 Standard Sizes of Southern Pine Dimension Lumber, Boards, and Decking

By permission of Southern Pine Council
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6.9.0 Southern Pine Header Load Tables and Connection Details

By permission of Southern Pine Council
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6.9.1 Southern Pine Rafter Framing Details

By permission of Southern Pine Council
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6.9.2 Southern Pine Floor Joist Framing Details

By permission of Southern Pine Council
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6.9.3 Additional Floor Joist Framing Details

By permission of Southern Pine Council
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6.10.0 Southern Pine Inspection Bureau Grading Rules for Decking

By permission of Southern Pine Council
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6.10.1 Southern Pine Inspection Bureau Grading Rules for Finish and Boards

By permission of Southern Pine Council
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6.10.2 Southern Pine Inspection Bureau Grading Rules for 2" Dimensions

By permission of Southern Pine Inspection Bureau
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6.11.0 Southern Pine Wood-Preservative Retention Standards

By permission of Southern Pine Council
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6.12.0 Knots and How to Measure Them

Measuring of Knots for Southern Pine lumber.

By permission of Southern Pine Council
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6.13.0 Commercial Names of the Principal Softwood Species
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6.13.0 Commercial Names of the Principal Softwood Species (Continued)
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6.14 Lumber Industry Abbreviations

These abbreviations are commonly used for softwood lumber, although all of them are not
necessarily applicable to all species. Additional abbreviations which are applicable to a
particular region or species shall not be used unless included in certified grading rules.

Abbreviations are commonly used in the forms indicated, but variations such as the use of
upper- and lower-case type, and the use or omission of periods and other forms of punctuation
are not required.

Air-dried
After deducting freight sides
American Softwood Lumber Standard
Average
Board
Board foot or feet
Bundle
Beveled
Biil of lading
Board Measure
Better
B and better
Beams and stringers
Center bead one side
Center bead two sides
Cost and freight
Center groove two edges
Cost, insurance, and freight
Cost, insurance, freight, and exchange
Ceiling
Clear
Center matched
Common
Caulking seam
Casing
Cubic foot or feet
Center Vee one side
Center Vee two sides
Dressed and headed
Dressed and matched
Double-beaded ceiling (E&CB1S)
Double-beaded partition (E&CB2S)
Doubie end trimmed
Dimension
Decking
Drop siding
Edge bead one side
Edge bead two sides
Edge and center bead one side
Edge and center bead two sides
Edge and center Vee one side
Edge and center Vee two sides
Eased edges
Edge (vertical) grain
End matched

AD
ADF
ALS
AV or AVG
Bd
Bd ft
Bdl
Bev
B/L
BM
Btr
B&B or B&Btr
B&S
CB1S
CB2S
CF
CG2E
CIF
CIFE
Clg
Clr
CM
Com
CS
Csg
Cu Ft
CV1S
CV2S
D&H
D&M
DB CIg
DB Part
DET
Dim
Dkg
D/S or D/Sdg
EB1S
EB2S
E&CB1S
E&CB2S
E&CV1S
E&CV2S
EE
EG
EM
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6.14 Lumber Industry Abbreviations (Continued)

EV1S
EV2S
Fac
FAS
FBM
FG
Flg
FOB
FOHC
FOK
Frt
Ft
GM
G/R or G/Rfg
HB
H&M
H or M
Hrt
Hrt CC
Hrt FA
Hrt G
IN
J&P
KD
Lbr
LCL
LFT or Lin Ft
Lgr
Lgth
Lin
Lng
M
MBM
MC
Merch
Mldg
mm
No
N1E
N2E
Og
Ord
Par
Part
Pat
Pc
Pcs
PE
PO
P&T
Reg
Res
Rfg
Rgh

Edge Vee one side
Edge Vee two sides
Factory
Free alongside (named vessel)
Foot or board measure
Flat (slash) grain
Flooring
Free on board (named point)
Free of heart center or centers
Free of knots
Freight
Foot or feet
Grade marked
Grooved roofing
Hollow back
hit-and-miss
hit-or-miss
Heart
Heart cubical content
Heart facial area
Heart girth
Inch or inches
Joists and planks
Kiln-dried
Lumber
Less than carload
Linear foot or feet
Longer
Length
Linear
Lining
Thousand
Thousand (feet) board measure
Moisture content
Merchantable
Moulding
Millimeter
Number
Nosed one edge
Nosed two edges
Ogee
Order
Paragraph
partition
Pattern
Piece
Pieces
Plain end
Purchase order
Post and timbers
Regular
Resawed or resawn
Roofing
Rough
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6.14 Lumber Industry Abbreviations (Continued)

Random lengths
Random widths
Random widths and lengths
Siding
Select
Side and Edge (surfaced on)
Square edge siding
Square edge and sound
Shiplap
Shipper’s load and count
Standard matched
Specifications
Standard
Stepping
Structural
Surfaced one edge
Surfaced one side
Surfaced one side and one edge
Surfaced one side and two edges
Surfaced two edges
Surfaced two sides
Surfaced two sides and one edge
Surfaced two sides and center matched
Surfaced two sides and standard
matched
Surfaced four sides
Surfaced four sides and caulking seam
Tongued and grooved
Vertical grain
Wider
Weight

R/L
R/W
R/W&L
Sdg
Sel
S&E
SE
Sdg
SE & S
S/L or S/LAP
SL&C
SM or Std M
Specs
Std
Stpg
Str or Struc
S1E
S1S
S1S1E
S1S2E
S2E
S2S
S2S1E
S2S&CM
S2S&SM
S4S
S4S&CS
T&G
VG
Wdr
Wt
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Used as sheathing, flooring, in the production of cabinetry and millwork, plywood and composite
wood products play a key role in the construction industry.

7.0.0 American Plywood Association (APA) Grading Guidelines

The American Plywood Association, headquartered in Tacoma, Washington, establishes grades
and specifications for plywood products. The National Particleboard Association, located in
Gaithersburg, Maryland, is the authority on composite wood products.

Plywood

Similar to the grading agencies for Western wood products and Southern pine lumber, the
American Plywood Association (APA) provides the industry with specification guidelines and
grade stamps by which to identify these grades. The term grade can apply to the type of veneer
being used or the use for which the panel is best suited.

7.1.0 Plywood Types and Typical Applications

Where interior usage for cabinetry, shelving, built-ins, and so forth is required, APA-Sanded and
Touch-Sanded designations apply:

• A-A For use where appearance on both sides is important.
• A-B For use where appearance on only one side is important, but where two solid sides are required.
• A-C For use where appearance on one side is important in exterior applications, such as

soffits, truck lining, and structural uses.
• A-D For use where appearance on one side is important in interior applications, such as

paneling and partitions.
• B-B Utility panel with two sides. Interior use-primarily: limited exterior use.
• B-C Utility panel for farm-service work, box cars, and truck linings for exterior use.
• B-D Utility panel for backing, sides of built-ins, separator boards, and slip sheets for interior

and exterior use.
• C-C plugged For use as an underlayment over structural subfloor, pallet fruit bins, and for use

in areas to be covered by carpet.
• C-D plugged For open soffits, cable reels, walkways, interior, or protected applications. Not to

be used as underlayment.
• Underlayment For application over structural subfloor, it provides a smooth surface for carpet

and, touch sanded, for resilient floors.

Specialty Panels

• APA high-density overlay (HDO) Manufactured with a semi-opaque resin-fiber overlay on both
sides. It is used for concrete forms, industrial bins, and exhaust ducts.

• APA marine Plywood made only with Douglas fir or Western larch have highly restrictive
limitations on core gaps and face repairs. As the name implies, it is ideal for boat hulls and
other marine uses.

• APA B-B plyform Class 1 Used for concrete formwork and desigried for multi-use applications.
• APA medium-density overlay MDO Made with a smooth, opaque, resin-treated fiber overlay,

producing an ideal base for finish painting, signs, and shelving.
• APA decorative Plywood with a rough-sawn, brushed, and grooved surface for interior accent

walls, paneling, exhibit displays, etc.
• APA plyron Plywood with a hardboard face adhered on both sides, for countertops, cabinet

doors, and shelving.
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Plyform Exterior-grade plywood used for concrete forms

B-B plyform It has a smooth, solid surface. It can be re-used many times.

B-C EXT Sanded panel used where only one smooth side is needed,

HDO plyform High-density overlay with hard, semi-opaque resin-fiber finish. Resists abrasion up to 200
re-uses. Requires a release agent.

Structural 1 plyform Stronger and stiffer than B-B and HDO. Recommended for high-pressure applications.

7.1.1 APA-Registered Trademarks Explained

By permission of APA, The Engineered Wood Association, Tacoma, Washington
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7.1.2 Plywood Veneer Grades

By permission of APA, The Engineered Wood Association, Tacoma, Washington
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7.2.0 Exposure Ratings (Exposure 1 and 2)

Exposure 1 is for exterior use and has a fully waterproof bond designed for applications where
the plywood will be permanently exposed to the weather or to moisture. Plywood so designated
is stamped Exposure 1. Exposure 2 is for protected construction applications and is constructed
with intermediate glue. This product is identified as Exposure 2 on the ADA grade stamp.

7.3.0 Plywood Species Group Numbers

Plywood manufactured in accordance with U.S, Product Standard (PS) 183 can be made of more
than 70 species of wood and these species are divided into 5 groups. Group 1 is the strongest and
stiffest and Group 5 the least strong and least stiff.

7.3.1 Chart of Classification of Species

By permission of APA, The Engineered Wood Association, Tacoma, Washington
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7.4.0 Variety of Surface Textures Available on APA-Rated Siding

By permission of APA, The Engineered Wood Association, Tacoma, Washington
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7.4.0 Variety of Surface Textures Available on APA-Rated Siding (Continued)

By permission of APA, The Engineered Wood Association, Tacoma, Washington
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By permission of APA, The Engineered Wood Association, Tacoma, Washington

7.5.0 Plywood Panel Dimensions (U.S. Customary and Metric)
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7.6.0 Span Tables fo Plywood Sheathing and Subfloors

By permission of APA, The Engineered Wood Association, Tacoma, Washington
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7.7.0 Recommended Spans for Roof Sheathing and Fastening Schedules

By permission of APA, The Engineered Wood Association, Tacoma, Washington
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7.8.0 Typical Plywood Sheathing Construction

By permission of APA, The Engineered Wood Association, Tacoma, Washington
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7.8.1 Composite Wood Products

Along with lumber and plywood, within the past 40 years, a new wood product has gained wide
acceptance in the industry, composite wood products. These products are panels and laminated
materials made up of small pieces of wood glued together, oftentimes with plastic fillers. These
products are frequently referred to as engineered wood products.

7.8.1.1 Medium-Density Fiberboard (MDF)

Dry-formed panels manufactured from lignocellulosis fibers, combined with a synthetic resin or
other suitable binder.

• Available thicknesses: 3/16" (4.74 mm) to 1½" (38.1 mm) (3", 76.2 mm, is available on special
order).

• Density: 40 to 50 pounds/cubic foot (641 to 801 kg/cubic meter).
• Uses: Moldings or millwork where it replaces solid wood.

7.8.1.2 Hardboard (Compressed Fiberboard)

A board manufactured from interfelted lignocellulosis fibers, consolidated under heat and pressure
to form a dense material.
• Available thicknesses Typically 1/8" (12.7 mm) to ½" (38.1 mm).
• Density 45 to 70 pounds/cubic foot (705 to 112 kg/cubic meter).
• Uses Exterior siding, peg board, decorative wall paneling, underlayment, drawer bottoms,

furniture backs, and simulated wood shingles and shakes.

7.8.1.3 Cellulosic Fiberboard (Softboard)

Made from wood fibers, recycled paper, bagasse (a plant residue, such as from sugar cane), and
other agricultural by products.
• Available thicknesses Typically ½" (12.7 mm) to 2" (50.8 mm).
• Density Typically 10 to 25 pounds/cubic foot (160 to 400 kg/cubic meter).
• Uses Wall sheathing, roof insulation, and sound insulation.

7.8.1.4 Oriented Strand Board (OSB)

This material evolved from waferboard and is constructed of strands of softwood or hardwood
½" (12.7 mm) wide by 3" (76.2 mm) to 4’6" (1.37 m) in length.
• Available thicknesses Typically ¼" (6.4 mm) to 1 1/8" (28.6 mm).
• Density 36 to 44 pounds/cubic foot (577 to 705 kg/cubic meter).
• Uses Interchangeably used in structural applications in the same way as plywood. Phenolic

paper overlaid OSB is used for siding.

7.8.1.5 Waferboard

Similar to OSB, except that it is composed of large flakes of wood bonded together and generally
made from low-density hardwoods, such as aspen. Once used a great deal as sheathing, it has
largely been replaced by OSB.

7.8.1.6 Laminated Veneer Lumber (LVL)

Primarily a structural member made of veneer laid up in one grain direction and made in billets
27" (68.6 cm) to 50" (127 cm) wide and 1½" (38.1 mm) or 1¾" (44.5 mm) thick. Produced under
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pressure to cure the adhesives, mostly phenolic glues. This material is nondestructively tested to
ensure consistent strength. TrusJoist MacMillan uses this material as flanges in their I-joists.

7.8.1.7 Parallel-Strand Lumber (PSL)

These products are made of oriented strands of waste softwood veneer. The ½" (12.7 mm) wide
by 37" (94 cm) long strands are oriented and laid up into a mat, which is processed through a
microwaveheating system into billets of 11" (279 mm)×18" (457 mm) or 11" (279 mm)×14" (355
mm). These billets are sawn into lengths and thicknesses, as required. PSL members are used
where highstrength lumber or timber materials are required. TrusJoist MacMillan’s Parallam is a
PSL product.

7.8.1.8 Oriented Strand Lumber (OSL)

OSL is made with nominal 12" (300 mm) long strands and pressed in a steam-injection press
machine to produce uniform density throughout. This material, developed by McMillan Bloedel,
Ltd., is also used in joist construction.

7.8.1.9 Com-Ply

Com-Ply is a material developed by the USDA Forest Service in the 1970s and composed of
random or oriented wood flakes or particles sandwiched between two layers of veneer. One or
more layers of veneer are also placed on the faces or edges of the lumber. This material is not
widely used today.

7.9.0 Moisture Content of Particleboard and the Impact on Warpage

When used as a substrate for plastic laminate facings, these particleboard and fiberboard panels
are subject to warpage if not stored properly. Warpage can also occur when an unbalanced
laminated panel is produced—one with a face sheet of high-pressure laminate, but no backer
sheet. Moisture content building up in the unfaced panel causes stresses to accumulate. When
these stresses become excessive and are no longer equally balanced, cracks can occur in the
laminate. This unbalance can occur because of a number of factors:

• Selection of laminate other than HPL, such as a wood veneer.

• The environment in which laminating is to occur.

• Conditioning (or lack thereof ) of each component of the assembly.

• Product design problems.

• Installation procedures.

Unusually moist or dry conditions should be avoided in both the storage of the substrate
and the laminating environment.
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7.9.1 Plywood Underlayment Span Tables and Glue/Nailed Fastening Recommendations

By permission of APA, The Engineered Wood Associated, Tacoma, Washington
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7.9.2 Ideal Fabrication Conditions Chart

Reprinted by permission of National Particleboard Association, Gaithersburg, Maryland
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7.9.3 Moisture Content Zones in the U.S.

7.9.4 Dimensional Changes in Medium-Density Fiberboard (MDF) and Industrial-Grade
Particle Board (PBI)

Reprinted by permission of National Particleboard Association, Gaithersburg, Maryland
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7.10.0 APA-Rated Sturdi-Floor Subfloor and Floor Framing for Hardwood Floors

By permission of APA, The Engineered Wood Associated, Tacoma, Washington
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7.11.0 High-Pressure Laminate (HPL) Q&A

By permission of Formica Corporation, Cincinnati, Ohio
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7.11.0 High-Pessure Laminate (HPL) Q&A (Continued)

By permission of Formica Corporation, Cincinnati, Ohio
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7.11.1 HPL Tips for Avoiding Panel Warpage

By permission of Formica Corporation, Cincinnati, Ohio
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7.11.2 HPL Stress Crack Avoidance

By permission of Formica Corporation, Cincinnati, Ohio
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7.11.2 HPL Stress Crack Avoidance (Continued)

By permission of Formica Corporation, Cincinnati, Ohio
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7.11.3 HPL Post-Forming CounterTops

By permission of Formica Corporation, Cincinnati, Ohio
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7.11.4 HPL Post-Forming Counter Tops (Manual Techniques)

By permission of Formica Corporation, Cincinnati, Ohio
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7.12.0 Common Post-Forming Problems

7.13.0 Low-Pressure Laminates (LPL)

Sometimes referred to as saturated paper laminates, these LPLs can take the form of solid-color
decorative papers that have been saturated with either a melamine, a phenolic or a polyester
resin. These low-pressure laminates are wood based and will shrink and expand in the presence
of moisture or the lack of moisture. Although the contractor will generally purchase these kinds
of panel materials from a manufacturer, it is helpful to have knowledge of the factors involving
successful assembly of these products.

• During assembly, the press should be loaded and closed as quickly as possible.
• Hot boards should be stacked flat and well supported while cooling. Rapid cooling is to be

avoided.
• The volatile material in the papers should be retained and not dried out.
• The press platen temperature and conditions for the proper curing of both sides must be set

when using different papers.
• When using phenolic papers with elevated temperatures and extended press times, degradation

of the substrate must be avoided. Proper cooling of these panels is essential.

By permission of Formica Corporation, Cincinnati, Ohio
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7.14.0 APA Specifications for Roof Sheathing

By permission of APA, The Engineered Wood Association, Tacoma, Washington
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8.0.0 Most Frequently Used Types of Roofing

8.0.1 Built-Up Membrane Roofing

All BURs share three basic components: felts, bitumens, and protective caps. The felts, asphalt-
impregnated, fiberglass-reinforced membrane sheets are designed to act in concert with the
bitumens (a semi-solid asphalt or coal tar pitch material) to create a moisture-resistant surface.
The cap, weathering-grade asphalt embedded with mineral granules or gravel to protect the
built-up roof from the elements is the third element in this assembly.

Built-up roofs can be subdivided into three categories:

1. Smooth surface BUR without any gravel topping. These roofs are lightweight, easy to inspect,
and, if leaks occur, make it simple to determine the source of the leak.

2. Gravel surface BUR with a stone-aggregate spread over its entire surface after a flood coat of
bitumen as been applied to protect the membrane from the elements. Gravel-surfaced BURs
are limited to those roofs with slopes of 3 inches or less.

3. Mineral surface BUR with a top sheet of weathering-grade asphalt embedded with mineral
granules to protect the surface from the elements.

8.0.2 Fluid-Applied Membrane Roofs

Fluid-applied roofs can be installed with either hot or cold materials. This type of roof installation
requires a stable substrate, such as a cast-in-place concrete deck. When applied over concrete, which
must meet certain moisture content standards, a prime coat is first sprayed or rolled on. This is generally
followed by the installation of a nylon or fiberglass mat mopped directly onto the primed concrete
surface after which a top coat is applied by roller or spray. The fluid applied membrane makes it easy to
spot leaks, which might occur if cracks appear in the substrate and the nylon/fiberglass mat cannot
bridge the gap. The liquid-applied roof is often used where free-form roofs are constructed.

8.0.3 Single-Ply Membrane Roofs

The advent of man-made elastomeric materials, such polyvinyl chloride (PVC) and ethylene
propylene diene monomer (EPDM), ushered in the era of single-ply membrane roofs. Elastic,
flexible, easy to install, ozone and ultraviolet-ray resistant, these wide-width sheets (some as
wide as 40 feet) provide a roof membrane with significantly fewer seams that is very cost effective,
long-lived and relatively easy to repair, if damaged.

A variation on the single-ply membrane roof is the IRMA roof (Inverted Roof Membrane
Assembly), where the single-ply membrane is placed directly on the roof deck and rigid insulation,
protection board, and aggregate ballast is placed on top. The membrane nestles protected from the
elements and from roof traffic that could damage the membrane.

8.0.4 Metal Sheet and Metal Panel Roofs

Metals of various alloys (such as lead, tern, zinc, and copper) have been used for hundreds of years and are
still popular today, primarily for aesthetic reasons or when historic restorations are being undertaken.
Formed metal roofing should not be installed on sloped roofs with a pitch less than 1 ½ inches in one foot.

8.0.5 Shingles, Shakes, and Tile Roofs

These materials are actually watershedding materials, rather than waterproofing materials, and rely upon
roof pitch to rapidly drain the water from the surface on the roof. Slopes of 3 to 4 inches per foot are
recommended before selecting any of these materials. Wood shingles and wood shakes require installation
where air can circulate behind them so that they can dry out after becoming wet. Slate shingles are
expensive to purchase and install, but are extremely long lasting. This material is generaly specified when
restoration work is being undertaken. Porcelain enamel tiles or clay tiles are frequently used in certain
parts of the country where mission or Spanish-style roofs are popular, such as the Southwest.
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8.1.0 Roof Flashings

• Gravel stops Gravel stops are metal flashing attached to the edge of the roof to protect and
secure the edge of the roof membrane. When gravel is placed on the roof, the profile of the
gravel stop is such that it prevents the gravel from rolling or washing over the edge of the
roof.

• Copings Similar in nature to gravel stops, except that they are placed on top of perimeter
parapet walls to secure the roofs base flashing.

• Base flashings Generally flexible materials that provide watertight integrity between the
horizontal roof membrane and some vertical surface. Base flashing can also be made of
metal and require either a reglet or counterflashing on the vertical surface to ensure watertight
conditions.

• Counter flashings Flashings that act as a shield to cover the seamed base flashing below. They
are generally constructed of aluminum, copper, lead, or stainless steel.

• Pipe and conduit flashings Whenever a mechanical or electrical pipe or conduit penetrates the
roof surface, some form of flashing must be installed to seal off this penetration. Factory-
supplied “boots” or shop-fabricated “pitch pockets” are used to seal off these roof surfaces.

• Roof drain flashings When installed in a roof, generally at a low point in the roof surface where
water tends to accumulate, special care is required where these flashings are installed. Usually
installed by the plumbing contractor, roof drains can be purchased with flashings specially
designed for that purpose.

• Roof vent flashings Roof vents installed through the roof surface require “boots” that can be
purchased or fabricated for that purpose.

• Pitch pockets The “pocket” is usually formed of aluminum or copper and is fastened to the
roof deck, which encloses a pipe or series of pipes that penetrate the roof surface. This
pocket or dam is then filled with pitch, a black viscous tar that “cold” flows to seal the spaces
around the penetrations. Pitch pockets require periodic inspections to ensure that the pitch
levels are maintained.

• Expansion joint covers When a large expanse of roof is constructed, allowance must be made for
expansion and subsequent contraction. Various types of bellow or slip-joint expansion joints
can be installed, and (depending on the configuration) might require additional flashing to
make them watertight.

• Ridge flashings Where the valley and eaves are created in a roof, flashings must be installed.
Generally, this occurs when shingled roofs are installed, whether wood, tile, or slate.
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8.1.1 Flashing Types and Locations
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8.2.0 3-Ply Built-Up Roof on Approved Insulation

By permission of Schuller Roofing Systems, Denver, Colorado
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8.2.1 3-Ply Built-Up Roof on Nailable Deck

By permission of Schuller Roofing Systems, Denver, Colorado
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8.2.2 3-Ply Built-Up Roof on Lightweight Fill Insulated Deck

By permission of Schuller Roofing Systems, Denver, Colorado
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8.3.0 4-Ply Gravel Surface Built-Up Roof Over Insulation, Inclines to 3" Per Foot

By permission of Schuller Roofing Systems, Denver, Colorado

Roofing



Roofing 257

8.3.1 4-Ply Smooth Surface Built-Up Roof Over Insulation, Inclines to 3" Per Foot

By permission of Schuller Roofing Systems, Denver, Colorado
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8.4.0 3- and 4-Ply Hot-Mopped Modified Bitumen Roofs

By permission of Schuller Roofing Systems, Denver, Colorado
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8.4.0 3- and 4-PIy Hot-Mopped Modified Bitumen Roofs (Continued)

By permission of Schuller Roofing Systems, Denver, Colorado

Roofing



260 Section 8

8.5.0 Built-Up Roof-Flashing Details

By permission of Schuller Roofing Systems, Denver, Colorado
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8.5.1 Built-Up Roof-Flashing Details (Continued)

By permission of Schuller Roofing Systems, Denver, Colorado
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8.6.0 Single-Ply Membrane Securement Data

By permission of The Carlisle Corporation, Carlisle, Pennsylvania
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8.6.1 Single-Ply Membrane Securement Data (Continued)

By permission of The Carlisle Corporation, Carlisle, Pennsylvania
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8.6.2 Basic Wind-Speed Map

This map is based on ASCE 7-88, formerly ANSI A 58.1–1982.

By permission of The Carlisle Corporation, Carlisle, Pennsylvania
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8.6.3 Single-Ply Membrane Splicing Cement Guide

By permission of The Carlisle Corporation, Carlisle, Pennsylvania
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8.6.4 Single-Ply Membrane Ballasted Roof Stone Specifications

By permission of The Carlisle Corporation, Carlisle, Pennsylvania
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8.7.0 Single-Ply Membrane Curb Flashing Details

By permission of The Carlisle Corporation, Carlisle, Pennsylvania
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8.7.1 Single-Ply Membrane Reglet and Cap Flashing Details

By permission of The Carlisle Corporation, Carlisle, Pennsylvania
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8.7.2 Single-Ply Membrane Curb and Vertical Pipe Flashing Details

By permission of The Carlisle Corporation, Carlisle, Pennsylvania
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8.7.3 Single-Ply Membrane Counterflashing/Vertical Termination Flashing Details

By permission of The Carlisle Corporation, Carlisle, Pennsylvania
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8.7.4 Single-Ply Membrane Expansion-Joint Details

By permission of The Carlisle Corporation, Carlisle, Pennsylvania
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8.7.5 Single-Ply Membrane Box Gutter/Roof Drain Flashing Details

By permission of The Carlisle Corporation, Carlisle, Pennsylvania
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8.7.6 Single-Ply Membrane Acceptable Roof Deck Chart

1. Proper decking shall be provided by the building owner. The building owner or its designated
representative must have a registered engineer investigate the building structure to ensure its
ability to withstand the total weight of this roofing system, as well as construction loads and
live loads, in accordance with all applicable codes. The specifier must also designate the
maximum allowable weight and location for material loading and storage on the roof.

2. Acceptable decks, minimum pullouts, and approved Carlisle Fasteners:

3. Withdrawal resistance tests are strongly suggested to determine the suitability of a roof deck.
Cementitious wood fiber, gypsum, lightweight insulating concrete over steel and oriented
strand board (regardless of thickness), or plywood (less than 5/8 inch in thickness) must be
tested. If the minimum pullout requirements cannot be achieved, Carlisle may be contacted
for options concerning an appropriate roofing system.
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8.8.0 Single-Ply Membrane Underwriters Laboratories Specifications

The following information highlights the Underwriters Laboratories (UL) and Factory Mutual
(FM) code ratings achieved with Carlisle’s Sure-Weld Mechanically Fastened Roofing System:

Underwriters Laboratories

By permission of The Carlisle Corporation, Carlisle, Pennsylvania
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8.9.0 Single-Ply Membrane Roofing Preventative Maintenance Guidelines

Periodic maintenance to the roofing system will help to address those locations where moisture
could infiltrate and cause damage. It is imperative that the building owner recognizes the
importance of preventative maintenance in an effort to increase the life expectancy of the roofing
system beyond the warranty period.

Preventative Maintenance

The following is a list of general care and maintenance requirements for Carlisle Roofing Systems.
These maintenance items will help attain maximum performance from the roofing system.

• Provide proper drainage Keep the roof surface clean of leaves, twigs, paper or accumulated dirt
at drain areas to avoid clogged drains. Excessive ponding of water on the surface of the
membrane will increase the probability of moisture entering the structure in the event of a
puncture or cut in the membrane.

• Avoid degrading the membrane.

Do not expose the membrane to the following materials because of possible degradation of the
membrane:

• Liquids that contain petroleum products
• Solvents
• Grease used for lubricating roof top units
• Oils (new or old) used for air conditioning or compressor units
• Kitchen wastes or other animal fats
• Chemicals

Catch pans and proper drainage of these pans or other means of containment can be used for
membrane protection. Prolonged exposure to these materials will cause swelling and possible
degradation of the membrane if the spills are not removed.
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8.9.1 Investigation of Leaks on a Ballasted Single-Ply Membrane Roof
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8.9.1 Investigation of Leaks on a Ballasted Single-Ply Membrane Roof (Continued)

By permission of The Carlisle Corporation, Carlisle, Pennsylvavia
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8.10.0 A Typical Fire Vent with Inside Pull Release Cable and Fusible Link

By permission of the Bilco Company, New heaven, CT

Roofing



Roofing 279

8.10.1 A Typical Roof Hatch Where a Ladder is Used For Access

By permission of the Bilco Company, New Haven, CT

Roofing



280 Section 8

8.10.2 Typical Roof Hatch Where a Ships Ladder is Used for Access

By permission of The Bilco Company, New Haven, CT
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8.10.3 Typical Roof Hatch Installation Where Stairs Are Used for Access

By permission of The Bilco Company, New Haven, CT
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8.11.0 Copper and Lead-Coated Copper Roofing Material Sizes and Weights
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8.12.0 Standard Sizes and Exposure to Weather for Slate Roof Tiles

By permission: Buckingham Slate, Arvonia, Virginia

Roofing



284 Section 8

8.12.1 Slate Roof Installation Procedures

By permission: Buckingham Slate, Arvonia, Virginia

Roofing



Roofing 285

8.13.0 Cedar Shingle/Shake Installation Diagrams

8.13.1 Cedar Shingle-Grade Label Facsimiles

By permission of Cedar Shake and Shingle Bureau, Bellevue, WA.

Roofing



286 Section 8

8.14.0 A Checklist to Detect or Avoid Roof Leaks

The source of a leak is not necessarily directly above the appearance of water penetration on the
inside of a building. Water has a tendency to travel by the forces of gravity or to be forced into
a certain path by high winds. Careful inspection of the roof and all flashings is sometimes necessary
to detect a leak; planned inspections by the owner might uncover a potential problem so that
repairs can be affected.

1. Most leaks occur at the perimeter of the building because this is where more movement
occurs, except at structural expansion joints. This area requires frequent inspection or “first
look” if a leak has been reported.

2. Roof penetrations, those at roof drains or roof curbs or around roof accessories or pipe/
conduit flashings, would be the next best place to inspect.

3. Parapet walls, exposed in two sides, might experience greater temperature variations and
subsequent expansion and contraction activity, giving rise to tears in the flashing and leaks.

4. Equipment supports are frequently sources of roof leaks. Roof insulation attached to the
outside surface of structural steel supports could act as a thermal bridge and increase the
potential for condensation build up.

5. Tears or splits in the membrane itself, caused by workers working on the roof and abusing
the surface, is another area of investigation. Servicing of roof-top equipment where oils and
lubricants are used can also result in leaks because of the oils or lubricants being carelessly
spilled on the roof membrane and dissolving a portion of the membrane.

By permission of Cedar and Shake Bureau, Bellevue, Washington

8.13.2 Cedar Shingle and Shake Installation and Maintenance Tips
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9.0.0 Fireproofing or Fire Resisting

Fireproofing, in many cases, might better be referred to as fire resistance because the materials
applied, mainly to structural steel systems, are meant to protect these systems from collapsing
when exposed to the presence of fire for specific periods of time (one, two, three, or four hours).
In other cases, the term fire retardant is more applicable, particularly when applied to flammable
or combustible materials, like wood. In this case, fire retardancy provides a limit to the flame
spread, fuel contribution, and smoke development that would have occurred if the combustible
surface had not been treated with a fire-resistive coating.

9.1.0 Four Accepted Methods to Fireproof Steel

1. Spray or trowel on materials of a cementitious or mineral fiber nature.
2. Concrete encase structural steel columns or beams, or increase the thickness of concrete-

suspended slabs on metal deck.
3. Apply specific numbers of layers of gypsum drywall onto the structural steel members.
4. Spray, brush, or roll on a water- or solvent-based intumescent material or mastic.

9.1.1 Spray- or Trowel-On “Dry” or “Wet” Systems

Spray- or trowel-on “dry” or “wet” cementitious or mineral fiber materials are the most prevalent
forms of structural-steel fireproofing and are generally divided into two groupings (Type I and
Type II).
• Type I A factory-mixed cementitious materials with a minimum density of 15/14 pounds per

cubic foot (240 kg/cubic meter).
• Type II A factory, mixed, asbestos-free, mineral fiber material with inorganic binders, having

a minimum applied dry density of 15 pounds per cubic foot (240 kg/cubic meter). If this
system is used, it is generally followed by a water overspray to press any loose fibers and
allow the binders to migrate and produce a firm surface.

9.2.0 Fireproofing Terminology

• Air erosion Resistance of spray fireproofing to dusting, flaking, sifting, and delamination because
of air movement across its surface. ASTME-859–82/GSA sets the performance quality for
air erosion; it is to be 0.025 gm/ft2 maximum.

• Bond strength The ability of the spray fireproofing to resist pulling away from the steel substrate.
The higher the bond strength, the lower the chance for cohesive or adhesive failure. ASMTE
E-736–80 refers to bond strength and sets 200 lbs/ft2 as the minimum bond strength.

• Damageability The resistance to physical abuse from abrasion, impact penetration, and
compression. Two tests conducted by the City of San Francisco developed two standards
and one test by ASTM provides the third:
~ Impact penetration Six cubic centimeters maximum (City of San Francisco).
~ Abrasion resistance 22 cubic centimeters maximum (City of San Francisco).
~ Compression 500 pounds per square foot minimum (ASTM E-761–80).

• Dry mix It has no requirement to pre-mix with water or other additives. It can be applied in
its original state by air under pressure. Water is introduced at the spray nozzle prior to
application. The dry mix is quick and easy to apply.

• Wet mix The product is mixed with water to provide a slurry that is applied under high
pressure through a nozzle. Although it is frequently referred to as cementitious, many
manufacturer’s products do not contain cement. This type of application provides cost-
effective, fire-resistant performance per unit thickness.
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9.3.0 Typical Spray Fireproofing Specifications
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9.4.0 Spray Fireproofng Guide for Dry Mix Applications

By permission of Isolatex International, Stanhope, New Jersey
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9.4.0 Spray Fireproofing Guide for Dry Mix Applications (Continued)

By permission of Isolatex International, Stanhope, New Jersey
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9.5.0 UL/ULC Fire-Resistance Ratings Chart (Dry and Wet Mixes)

By permission of Isolatex International, Stanhope, New Jersey
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9.6.0 Standard Physical-Performance Properties for Spray-Applied Materials

By permission of Isolatex International, Stanhope, New Jersey
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9.7.0 Column Fireproofing Utilizing Gypsum Drywall (Two- and Three-Hour Ratings)

By permission United States Gypsum Corp., Chicago, Illinois
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9.8.0 Two-Hour Fire-Rated Drywall Column Enclosure (UL Design X518)
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9.9.0 Two-Three-Hour Drywall Column Enclosure (UL Design X518, X515)
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9.10.0 Three-Hour Drywall Column Enclosure at Precast Concrete Panel (UL Design U904)
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9.11.0 Three-Hour Drywall Column Enclosure at 12" Block Wall Corner (UL Design X-515)
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9.12.0 Three-Hour Concrete Column Enclosure (Traffic Area)
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9.13.0 Three-Hour Masonry Column Enclosure
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The category “sealants” spans a wide range of construction activities and applications—from
preventing water and moisture from infiltrating into below-grade structures to maintaining the
watertight integrity of the entire superstructure.

This section deals primarily with caulking and sealant compounds: selection and application, and,
secondarily, curtain wall and masonry sealants.

10.0.0 Sealants as Joint-Filling Compounds

These materials generally fall into one of three categories:
• Dynamic joints Joints that exhibit changes due to movement from expansion, contraction,

isolation and loadings.
• Static joints Joints that exhibit little or no movement, such as masonry mortar joints. However,

no joint in a building is truly static because all materials exhibit some movement from
temperature changes and load factors.

• Butt joints Joints that have opposing faces that contract and expand and place a sealant in
compression, tension, and can also exhibit shear from extreme loading forces or seismic events.

10.1.0 Proper Application of Sealants

The key to proper application of any sealant begins with proper surface preparation, which can
vary considerably from one material to another. Most manufacturers go to great lengths to
provide detailed surface preparation and application procedures, which are often ignored by the
applicator, resulting in either poor performance or outright failure.

The following general guidelines are to be augmented by the manufacturer’s instructions for the
sealant and surface selected:
• Concrete and masonry Concrete can have the most variable surface conditions of any product

because of variations in curing conditions, moisture content, finishing techniques, additives,
hardeners, curing compounds, and form-release agents. Concrete and masonry surfaces can
exhibit weak surface layers because of laitance present in concrete and the potential for spalling
in masonry structures. Surfaces contaminated by laitance, hardeners, curing compounds and
form-release materials can be sandblasted or wire brushed to remove these contaminants.

Newly placed concrete or masonry must be allowed to cure before applying sealants. If these
surfaces, once cured, become wet from rain, they should be allowed to dry at least 24 hours in
good drying weather before sealant or primer application. Because most sealant manufacturers
do not recommend applying their products in temperatures below 40 degrees F, frost is a problem.
Under these conditions, an application of isopropyl alcohol or methyl ethyl ketone will cause
surface moisture to evaporate and a sealant can be quickly applied before frost forms again.

• Stone These surfaces generally provide good sealant adhesion. However, some material (such
as granite, limestone, and marble) should be primed before a sealant is applied. If the surface
area of the stone appears to be flaking or dust, it must be cleaned by either water blasting,
sandblasting, or wire brushing before priming and sealant application.

• Glass and porcelain surfaces These surfaces are excellent substrates for sealants once their surfaces
are cleaned of contaminants and oils. Methyl ethyl ketone or alcohol is an ideal cleaner.

• Painted and laquered surfaces Depending on where these surfaces are located and their exposure to
the weather, sealants should not be applied to flaking painted or laquered surfaces. Sound painted/
laquered surfaces should first be cleaned by wiping with a solvent to remove oil and dust. It is
preferable to do a test section to ensure that the solvent does not “lift” the painted surface.

• Rigid plastic materials Solvents will clean these surfaces adequately. However, the manufacturer
of the fiberglass, acrylic, or other plastic compound should be consulted to determine which
solvents will not permanently damage the plastic surface.

• Flexible plastics and elastomers These materials are difficult for sealants to adhere to. Test
applications of a solvent, such as VM&P naptha, should be applied to determine if it is
harmful to the plastic or elastomer.
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• Aluminum with a mill finish A good degreasing solvent, such as trichloroethane or xylene, will
clean these surfaces properly. A rub down with fine steel wool or fine emery cloth might
permit better adhesion.

• Aluminum with an anodized finish This surface generally provides an excellent surface for sealant
application. However, it should be wiped down with methyl ethyl ketone or xylene to remove
any surface contaminants.

• Copper Copper can oxidize and this patina must be removed by either sanding or rubbing
with steel wool. Copper is not compatible with many sealants; the sealant manufacturer or
distributor should be contacted for the proper selection.

• Lead Though not used extensively as a new material, lead is often encountered in restoration
work. It is difficult to obtain adhesion to a lead surface—even after cleaning with xylene or
methyl ethyl ketone. Seek the manufacturer’s recommendation.

• Steel Most steel surfaces to be caulked will have been painted, and procedures for any painted
surface will apply. For unpainted steel surfaces, the steel must be free from rust, oil, and
other surface contaminants. Abrade the surface by sandblasting or wire brushing down to a
sound surface, clean with a solvent, and then apply the caulking.
~ Stainless steel This is another difficult surface for adhesion purposes. Primers are often

recommended along with solvent cleaning of the surface.
~ Galvanized steel New galvanized surfaces present more difficult surfaces for adhesion than

weathered galvanized surfaces. Once again, consultation with the sealant manufacturer
is recommended.

10.2.0 Typical Properties of Non-Cementitious vs. Cementitious Repair Materials

Reprinted by permission from the Sealant, Waterproofing, and Restoration Institute, Kansas City, Missouri
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10.3.0 Advantages/Disadvantages of Various Sealants
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10.4.0 Properties of Various Sealant Materials

Reprinted by permission from the Sealant, Waterproofing, and Restoration Institute, Kansas City, Missouri
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10.5.0 Temperature Vs. Sealant Performance
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10.6.0 Dow Corning Silicone-Sealant Designs/UL Ratings/Estimating Requirements

Reprinted by permission from the Sealant, Waterproofing, and Restoration Institute, Kansas City, Missouri
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10.7.0 Typical Butt Joints and Other Joint Details
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10.8.0 Typical Exterior-Wall Air-Seal Applications
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10.9.0 Acceptable/Unacceptable Air-Seal Applications

Reprinted permission from the Sealent, Waterproofing, and Restoration Institude, Kansas City, Missouri
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10.10.0 Adhesion Test Procedures

Reprinted by permission from the Sealant, Waterproofing, and Restoration Institute, Kansas City, Missouri
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10.11.0 Proper Parapet Wall-Sealants Diagrams

The Best Moisture Escape Routes

1. Ventilate the cavity for walls to breathe.
2. Install weep holes and/or clean existing weep holes that might have become clogged.
3. Correct improperly installed flashing and/or install additional flashing at problems areas.

The Best Barriers to Water Entry

1. Create water infiltration barriers, such as cap flushing.
2. Install adequate expansion and control joints to accommodate expansion due to thermal

movement, moisture absorption and freeze-thaw cycles.
3. Replace spalled brick.
4. Repoint deteriorating joints.

A word of caution: When replacing glazed brick, do not use corner brick in any location other
than corners. With its two glazed sides, corner brick will fail to provide a proper bond on one side.
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10.12.0 When Is It Tme to Repoint? Mortar Joint Details

You know it’s time to repoint when:

• Mortar has eroded to expose the brick behind the glazed face.
• Mortar has crumbled from the joint.
• Hairline cracks have appeared in the mortar.
• The bond between the mortar and the glazed brick is broken.

Strategies for maintaining mortar joints include the following:

1. Remove the old mortar by cutting out to a depth of at least 5/8"; remove more if necessary to
eliminate unsound mortar.

2. Clean joints of old mortar, dust, and dirt prior to repointing.
3. Avoiding damaging brick edges when removing old mortar.
4. Use a mix ratio of 1 part Portland cement: 1 to 1½ parts hydrated lime: 6 parts sand for a

flexible, but durable mortar.
5. Day and evening temperatures should be above 40° F during repointing; the area of work

should be protected from the weather when not being worked on,
6. All excess mortar, smears, and droppings should be cleaned up before the mortar sets.
7. Joint configuration must be designed so that the mortar meets the top edge of the glaze and

the joint easily sheds water.

10.13.0 Inspection of Mortar Joints to Determine Water-Resistant Integrity

• Has the mortar eroded to the point where a large portion of the underside of the brick above
and below is visible? If so, it is time to repoint.

• Has the mortar begun to crumble from the joint? If so, it is time to repoint.
• Have hairline cracks formed in the mortar? If so, it is time to repoint.
• Is the bond between the mortar and brick broken? If so, it is time to repoint.

10.1.4.0 Steps Taken to Repoint Properly

1. Cut out old mortar to a depth of at least 5/8 inch. Remove more if a sound surface has not
been found at that depth.

2. Avoid damaging the edges of the bricks while cleaning out the old mortar joint.
3. Clean out dust and dirt from the old joint.
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4. Mix up a batch of mortar with the following proportions:
1 part Portland cement
1 to 1½ parts hydrated lime
6 parts sand

5. Repointing should not take place when both day and night temperatures are below 40 degrees F.
6. Clean off excess mortar, drips, etc. before the mortar sets up.
7. The proper selection mortar-joint configuration will help to prevent a recurrence of premature

failure.

Recommended and not recommended joint profiles follow.

10.15.0 Guidelines For Waterproof Back-Up of Wythes in Masonry Cavity Walls

Reprinted by permission from the Sealant, Waterproofing, and Restoration Institute, Kansas City, Missouri
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10.16.0 Diagram of a Typical Composite Waterproofing System

Reprinted by permission from the Sealant Waterproofing & Restoration Institute, Kansas City, Mo.
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10.17.0 Parking Garage Inspection Checklists
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10.17.0 Parking Garage Inspection Checklists (Continued)
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10.16.0 Parking Garage Inspection Checklists (Continued)

Reprinted by permission from the Sealant, Waterproofing, and Restoration Institute, Kansas City, Missouri
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Acoustics is the science of sound and vibration. The control of sound and vibration transmission
within a structure involves architectural design and structural, mechanical, and electrical
engineering considerations. The end result of a building where acoustical and vibration control
is taken into account during design and where these considerations are carried out by the contractor
results in the creation of an environment in which people can live and work more comfortably
and productively.

11.0.0 What is Sound?

Sound is a vibration that occurs at various frequencies in an elastic medium. It is generated at a
source and it travels through either a gaseous, liquid, or solid environment. Sound-pressure levels
are represented in decibels—a ratio of intensity of sound, as measured to an intensity equivalent to
the threshold of hearing. Changes in decibel levels do not follow arithmetic progressions (e.g., a
change in 10-db pressure will result in the perception of hearing sound twice as loud). However, a
change of 3 db, up or down, will be barely perceptible. Resistance to sound transmission varies
with different frequencies. The span of human hearing ranges from 15 Hertz (Hz) to 20,000 Hz.
Sound transmission coefficient factors (STC) are tested at frequencies in the 125- to 4000-Hz range.

11.1.0 Sound and the Office Environment

The American Society of Interior Designers (ASID) hired the Yankelovich Partners in 1996 to
determine if noise-level reduction was of major concern to office workers. Seventy percent of the
respondents indicated that their productivity would increase if they worked in a less-noisy environment.
Changes in the work place have resulted in a noisier office environment today, brought about by:

• Higher work-station densities.
• Increased use of speaker phones.
• Increased use of video coriferencing and the resultant higher levels of noise concentrated in

a central area.
• Team conferencing and more frequent crosstalk occurring in an open office environment

among divider panels not suited to absorb noise effectively.
• The proliferation of computer screens throughout the workplace and the tendency to increase

screen size, thereby creates even larger hard-surface areas.

11.2.0 Sound Rating Systems

Various rating systems have been devised to qualify acoustical design. Although many such
systems exist, five basic systems are most often encountered by the contractor:

• STC (Sound Transmission Coefficient) It evaluates the effectiveness of construction components
in isolation speech sound sources.

• MTC (Music/Mechanical Transmission Class) It is used to measure low-frequency sound. The
higher the number, the better the acoustic quality of the wall between the source and adjacent
areas.

• dBa (decibel level) The loudness level that is most often used to weigh human response to
sound.

• RC It evaluates the constant background noise in a space from a source, such as an air-
handling unit.

• IIC (Impact Insulation Class) Impact sound transmission is produced when a structural
element is set into vibration by direct impact (for example, when someone walks on a concrete
floor above an occupied area). The higher the IIC, the better the impact noise control.

Other acoustical terms are also important:
• Frequency band A division of audible sound relating to convenient sections or octaves.
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• Noise-reduction coefficient An arithmetic average, to the nearest 0.05, of four sound-absorption
coefficients. The ratio of the sound-absorbing relationship of a material at four specific
frequencies, compared to the effectiveness of a perfectly sound-absorbing material at the
same frequency.

11.2.1 STC Ratings

It is important to remember that STC ratings apply only to those sounds that have the same
frequency spectrum or sound profile as those produced by the human voice. One way to remember
this is to think of STC as “speech transmission class.” STC ratings are applicable when audible
sound remains within the range of 125 Hz; machinery, HVAC equipment, and high-fidelity
recordings occupy the frequency from 20 Hz to 20,000 Hz and must be dealt within a different
manner than STC ratings, The higher the STC, the greater the sound barrier required.

11.2.2 Common STC Ratings

• STC-25 Normal speech can be heard clearly through a barrier.
• STC 30 Loud speech can be heard and clearly understood. However, normal speech can be

heard, but not easily understood.
• STC 35 Loud speech can be heard, but is difficult to understand.
• STC 42 Loud speech can be heard, but only faintly.
• STC 45 Normal speech cannot be heard
• STC 46 to 50 Loud speech cannot be heard; other loud sounds can barely be heard.

Sound from the source drops off over the distance traveled to reach a partition. As sound
travels through a room, sound levels are affected by the surfaces that the sound contacts. Some
common acoustic coefficients are (with 1.0 being the highest, absorbing more sound):

11.2.3 Decibel Levels of Common Noises
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11.3.0 Sound Control (General Factors That Affect Acoustical Control)

Sound is divided into two basic types, according to origin: airborne (conversation, music, and
street noise) and structure borne (footsteps on a hard surface, telephone ringing, and vibration
from machinery rigidly attached to the structure).

The following methods, used individually, or in conjunction with each other, are used to control
both airborne and structure-borne sound.

• Mass Thicker floor slabs and/or demising partitions, and inertia pads used in conjunction
with the vibration isolation of mechanical equipment.

• Decoupling Vibration isolators for mechanical equipment, resilient channels attached to either
wood or metal studs, or separated rows of studs, foam-backed carpeting, or resilient flooring.

• Absorption Using such materials as sound-soak panels, fiberglass batts, or sound-attenuation
blankets.

• Sealants Use of flexible acoustical sealant to close off open areas, where ducts, electrical and
mechanical conduits, and wiring devices have penetrated floors, ceilings, and partitions.

11.4.0 Dos and Don’ts For Drywall Partitions

United States Gypsum Company, in various articles in their Form & Function magazine, set forth
the following helpful hints:

• Perimeter seals Don’t use standard weather caulking, which has a tendency to harden and lose
the resiliency required for proper sealing. Don’t use drywall tape and joint compound that
could crack as various building structural components deflect under load. Don’t place caulking
under the runner track, but place it to fill the perimeter gap between the gypsum board faces
and the surrounding floor, wall, and ceiling elements. This is accomplished by placing a
heavy bead of caulking adjacent to the runner prior to installing the gypsum board.

• Penetrations Do offset electrical/telecommunication penetrations through a demising wall by
at least one stud cavity. Do seal the back and sides of any such outlet boxes with acoustical
sealant. Apply this acoustical sealant around all ductwork penetrating demising walls

• Metal-resilient components Resilient channel installed where screws are of sufficient length to
penetrate the resilient channel, but not penetrate the surface beyond will decouple and isolate
the wall or ceiling components. Don’t use screws any longer than those recommended by the
manufacturer of the resilient channel. Do allow the channel to float upon installation and
maintain a minimum 1/4-inch clearance between it and the adjacent assembly.

11.5.0 Typical STC Ratings For Various Types of Concrete and Masonry Walls/Floors

If a resilient suspended ceiling is attached to the underside of a concrete slab, the STC rating
will increase by approximately 12. If sleepers are attached to the upper surface of a concrete slab,
the STC rating will improve (approximately) by 7.
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11.5.1 Do’s and Don’ts (Illustrated)

The following dos and don’ts are illustrative of several methods to prevent the transmission of
sound from one partitioned area to the next.

11.6.0 Estimated Wood Floor Sound Performance

Sound transmission and impact-insulation characteristics of a wood-floor assembly can be
calculated by adding various components to the basic floor assembly. For example, to the basic
wood-floor assembly with an STC frequency of 36, add resilient channel (STC 10) plus 1/2"
sound-deadening board (STC 1) for a total assembly rating of STC 47.
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Source: Southern Pine Council, Kenner, Louisiana
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11.7.0 The Challenge of TV/Stereo

Equipment Frequency Spectrums

The sound spectrums produced by five types of sound equipment that can be used in hotel guest
rooms are compared in the graphs in Fig. 1. Music is the Source, and it is reproduced at 75 dBA. Fig.
1A shows the sound-pressure level in the octave centered at 250 Hz (middle “C” is 256 Hz). Fig. Ib
shows the level in the 125-Hz octave and Fig. 1c, the 63-Hz octave. The top source, a typical hotel
portable mono (monophonic, monaural) TV, is used as the basic reference source because the industry
has so much experience with the success or failure of their isolation systems with this equipment.

It can be seen in Fig. 1a that all the equipment easily reproduces the energy in the 250-Hz octave
band. The differences begin in the 125-Hz octave (Fig. Ib). A top of the line, 1988 27-in. portable
stereo TV performs about the same as a standard portable mono TV in the 125-Hz octave. The
console TV and full-range sound system (bass controls set on flat) are 4 or 5 dB louder in this
frequency range. A full-range system with controls set to boost bass will be at least 10 dB louder
than the portable mono set.

The most significant differences in performance occur in the 63-Hz octave band. The sound
produced in the 63-Hz octave band by a typical portable mono TV generally is insignificant. The
portable stereo TV is 10 dB louder and the full-range system (bass boost) can easily be 35 dB louder
than the mono portable! The amount of sound isolation required at 125 Hz and lower increases as the
equipment capabilities to accurately reproduce the recorded music is improved. High-quality stereo
equipment, including the portable stereo TV, also produce significantly more sound energy in the
2000-Hz octave band. This fidelity improvement could cause some speech-intrusion problems where
they might not have previously existed because the portable mono TV produces little sound at 2000
Hz and above.
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11.7.0 The Challenge of TV/Stereo (Continued)

Conclusions

The quality of TV sound has improved significantly during the last few years with the playback
equipment, rather than the broadcast or recorded signal, the factor usually limiting the frequency
range reproduced. The newer portable stereo TVs extend the frequency range about an octave
lower and an octave higher than the typical portable mono TV of the past. The frequency range
of stereo TV (broadcast or VCR), albums, cassette tapes, and CDs are similar when played back
through a high wattage, full-frequency-range stereo audio system. There might be issues of the
quality of sound, but the quantity can be very similar.

It should be expected that stereo TVs will require partition systems with MTC ratings of 4 to 5
points higher than the partition systems used with the older mono systems to achieve about the same
degree of acoustical privacy. The table shows that reasonable results can be achieved with STC50/
MTC-45 isolation with the portable mono TV. An STC-54/MTC-50 is required for similar privacy
from a stereo TV. Special, high-performance designs are needed when full-frequency-range systems
are installed in luxury hotels.

Reprinted by permission of Form & Function magazine, published by USG Corporation
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11.8.0 Controlling Octave Band Transmission with Sound-Attenuation Blankets

Reprinted by permission of Form & Function magazine, published by USG Corporation
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11.9.0 STC Ratings for Various Partition Types

Reprinted by permission of Form & Function magazine, published by USG Corporation
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11.10.0 Suggested STC Ratings and Construction

Reprinted by permission of Form & Function magazine, published by USG Corporation
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11.11.0 Ratings of 2" to 6" Concrete Slabs and Various STC-Rated Ceiling Assemblies

Reprinted by permission of Form & Function magazine, published by USG Corporation
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11.12.0 The Effect of Acoustical Doors on STC Ratings

Reprinted by permission of Eggers Industries, Twin Rivers, WI
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11.13.0 The Noise-Muffling Qualities of Various Types of Plumbing Risers

By permission of Cast Iron Soil Pipe Institute

Note: DWV=Drainage, Waste, and Vents
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11.14.0 Plumbing Installation Acoustical Considerations

Reprinted by permission of Form & Function magazine, published by USG Corporation

11.15.0 Duct Systems and Acoustical Considerations

Duct systems in both commercial and residential buildings can be constructed of metal or fiberglass,
lined or wrapped with insulating materials. Not only is noise generated by the actual flow of air
through the duct system, but noise is generated or can be controlled by the type of material from
which the ductwork is constructed.
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11.16.0 Composite Wall/Electrical Box Installations

Reprinted by permission of Form & Function magazine, published by USG Corporation
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11.17.0 Electrical Transformers and Increased Decibel (dBA) Levels

When locating office space adjacent to electrical equipment rooms or electrical closets where
sizable electrical transformers are installed, precautions should be taken in wall construction to
avoid or lessen the transmission of excessive decibel levels to these areas.

Listed are the transformer ratings and their corresponding decibel sound output.
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Numerous configurations of doors and and windows are in use in residential, commercial, and
industrial construction today.

Sliding, revolving, folding, and vertical rise doors are specified in some projects, but it is the rare
construction project that does not include swinging doors—either wood or metal or laminate clad. This
section emphasizes these later three types.

The materials of construction for windows include: wood, steel and aluminum, vinyl, fiberglass,
and combinations of these materials. However, the availability of different window configurations
allow for a multitude of fenestration configurations: single and double hung, fixed lights, casements,
sliders, awnings, and pivots to meet specific architectural designs. This section is devoted to general
window design and materials of construction.

12.0.0 Metal Doors and Frames

Commonly referred to as hollow metal, these doors and frames are available in many standard
sizes and configurations and any number of custom design variations. The design and classification
standards are established by the Steel Door Institute (SDI) for grades, sizes, metal gauges, and
hardware locations.

12.0.1 Classifications of Hollow Metal Doors

By permission of Steel Door Institute (SDI), Cleveland, Ohio
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12.0.2 Standard Opening Sizes For Hollow Metal Doors

Doors

Nominal Design Clearances

The nominal clearance between the door and frame head and jambs shall be 1/8" in the case of
both single swing and pairs of doors.
The nominal clearance between the meeting edges of pairs of doors can range from 1/8" to ¼" (1/8" for
fire rated doors).

The nominal clearance at the bottom shall be ¾".
The nominal clearance between the face of the door and door stop shall be 1/16".
All clearances are subject to a tolerance of + or -1/32".

Construction Features-Full Flush and Seamless

Door Faces

Full Flush Faces

Form each door face from a single sheet of steel of a thickness as defined by Table II. There shall
be no visible seams on the surface of the faces.

By permission of Steel Door Institute (SDI), Cleveland, Ohio
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12.0.3 Hardware Locations and Reinforcing Required for Hollow Metal Doors and Frames

By permission of Steel Door Institute (SDI), Cleveland, Ohio
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12.1.0 Dealing With Hollow Metal Door Installation Problems

Whether the hollow metal frames are “set up and welded” or “knocked down” (KD), if they are
not properly stored and installed in metal-framed drywall partitions or masonry openings, problems
will arise, if not during actual construction, certainly during the post-construction period. Although
the contractor might be diligent in supervising and inspecting the installation of hollow metal
doors and frames, by their own forces or by a subcontractor, improper storage or less-than-adequate
installation procedures can result in problems that require corrective action. Many of these problem
installations can be corrected without total removal of either the door or frame.

12.0.4 Metal Thickness of Hollow Metal Doors

By permission of Steel Door Institute (SDI), Cleveland, Ohio
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12.1.1 Frame Loose in Drywall Partition

By permission of Steel Door Institute (SDI), Cleveland, Ohio
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12.1.2 Frame Loose in Drywall Partition (Another Condition)

By permission of Steel Door Institute (SDI), Cleveland, Ohio
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12.1.3 Improper Door/Frame Clearances

By permission of Steel Door Institute (SDI), Cleveland, Ohio
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12.1.4 Door Binding and Sagging (Hinge Problems)

By permission of Steel Door Institute (SDI), Cleveland, Ohio
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12.1.5 Springing a Twisted Door

By permission of Steel Door Institute (SDI), Cleveland, Ohio
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12.1.6 Springing a Twisted Door (Another Method)

By permission of Steel Door Institute (SDI), Cleveland, Ohio
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12.1.7 Reswagging Hinges

By permission of Steel Door Institute (SDI), Cleveland, Ohio
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12.1.8 Hinge Binding Against Rabbet

By permission of Steel Door Institute (SDI), Cleveland, Ohio
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12.1.9 Thermal Bow in a Hollow Metal Door

By permission of Steel Door Institute (SDI), Cleveland, Ohio
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12.2.0 UL Label Off Fire-Rated Door?

Fire-rated doors are an important element of compliance with building codes and fire-protection
standards. Consequently, proper control of the labels that are attached to the doors is top priority
for the manufacturer, code official, and labeling agency. The manufacturer must account for
every label used and the label can only be applied at the manufacturer’s facility or at an authorized
distributor of the manufacturer. These are the only places at which a label can be affixed to
product. Once the product is in the field, whether it’s installed or not, even the manufacturer is
not allowed to attach labels unless a representative of the labeling agency has inspected the
product for compliance with the manufacturer’s procedures. As you can see, not just anyone can
attach labels to doors in the field and not just anyone can be in possession of fire-rating labels.
Only authorized individuals can be in possession of fire-rating labels. Only authorized individuals
can be in possession of and attach labels to fire rated products in the field. Anything other than
this is illegal!

All labels on fire-rated doors are located in the same place. Be sure that you are looking for the
label in the right location. The label will be located on the hinge edge of the door between the top and
middle hinge. If the label is not present, you should contact the distributor who provided the door.
They, in turn, will initiate the appropriate action to correct the missing-label problem.

By permission of Steel Door Institute (SDI), Cleveland, Ohio
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12.2.1 UL Label Off Fire-Rated Frame?

Like doors, fire-rated frames are an important element of compliance with building codes and
fireprotection standards. Consequently, proper control of the labels that are attached to the frame
is top priority for the manufacturer, code official, and labeling agency. The manufacturer must
account for every label used and the label can only be applied at the manufacturer’s facility or at
an authorized distributor of the manufacturer. These are the only places that a label can be
affixed to the product by the manufacturer. Once the product is in the field, whether it is installed
or not, even the manufacturer is not allowed to attach labels unless a representative of the labeling
agency has inspected the product for compliance with the manufacturer’s procedures. As you
can see, not just anyone can attach labels to frames in the field and not just anyone can be in
possession of fire-rating labels. Only authorized individuals can be in possession of and attach
labels to fire-rated products in the field. Anything other than this is illegal!

All labels on fire-rated frames are located in the same place. However, it should be noted that some
frames have an embossed label, rather than the surface-attached label. The embossed label is actually
“stamped” into the frame rabbet. Whether the label is surface-attached or embossed, it is located in the
same place, on the hinge jamb between the top and middle hinge. If the label or embossment is not
present, you should contact the distributor who provided the frame. They, in turn, will initiate the
appropriate action to correct the missing-label problem.

By permission of Steel Door Institute (SDI), Cleveland, Ohio

12.3.0 Hollow Metal Door Paint Problems

Paint Peeling to Bare Metal

Two conditions must be considered when evaluating paint peeling to bare metal.

Primer Paint Only

If the product is only primer painted, then poor adhesion between the primer and bare metal has
occurred. This can usually be attributed to inadequate surface preparation before priming. The
bare metal must be adequately prepared to ensure good primer paint adhesion.

The door should be completely sanded, washed with an appropriate solvent and re-primed. The
sanding and washing operations should provide an adequate surface to ensure good primer adhesion.

Primer Paint and Top (Finish) Coat

The failure could be caused by either poor surface preparation before priming or the use of a
noncompatible finish paint, which has reacted with the primer and lifted all paint to bare metal.
In either case, the corrective measures would be the same. The door should be completely sanded
and washed with an appropriate solvent. The door should then be reprimed. Lightly sand the
primer coat, wipe, and finish paint with a compatible top coat.
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In all cases, when the door is being prepared for top, finish-coat painting, the surface should be
cleaned. Use the same solvent that will be used to thin top-coat paint and thoroughly clean all surfaces
to be painted.

Paint in Tapped Holes

Both hollow metal doors and frames have various holes that are drilled and tapped, These holes
are in various components, such as reinforcements. All of the components are brought together
as an assembly prior to the painting operation.

There are a variety of painting methods which manufacturers can use. Some of these methods
could result in a paint build up in the tapped holes of the reinforcements. The build up could, occasionally,
make installation of the screw difficult. The build up should be removed to make screw installation
easier and assure that the screws are properly sealed.

The best method of cleaning the tapped holes is to use an actual thread tap which matches the
screw thread. It will easily cut through and clean the paint build up by simply running the tap in and
out of the hole. If the build up is not as great and extra screws are available (or can be obtained) the
screw can be run in and out of the hole to clean minor build up prior to final screw installation.

Water Stain Damage

Water stain damage is a direct result of improper storage of prime-painted products. If the product
is still in prime-painted products. If the product is still in primer (no finish coat has been applied),
the condition is easily detectable:

• Initially, the water stain appears as a discoloration or variance in sheen or gloss in the primer.
A specific area or areas can be distinctly noticed, which look and possibly feel different from
the rest of the product.

• If the water stain has existed for a considerable length of time and was caused by enough
water, rust will start to appear through the discolored areas.

If the product has had a finish coat of paint applied, water stain damage can cause failure of the
finish coat as well.

• This condition can be detected by finish-paint failure randomly on the door, as well as the
appearance of uniform rust development in those areas. In some cases, the finish paint will
show good adhesion in those areas, but will also show a uniform layer of rust developing
through the finish paint.

These conditions can be attributed to improperly stored prime products that were exposed to
water.

• For products that are prime only, the affected areas should be adequately sanded. If necessary,
the area should be sanded to bare metal.

By permission of Steel Door Institute (SDI), Cleveland, Ohio
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12.4.0 Wood Veneer Doors, Stave Lumber Core (Specifications and Grades)

By permission of National Wood Window and Door Association, Des Plaines, Illinois
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12.4.1 Wood Veneer Doors, Particleboard Core (Specifications and Grades)

By permission of National Wood Window and Door Association, Des Plaines, Illinois
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12.4.2 Wood Veneer Doors - Mineral Core - Specifications and Grades

By permission of National Wood Window and Door Association, Des Plaines, Illinois
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12.5.0 Appearance of Standard Wood Veneer Cuts

By permission of National Wood Window and Door Association, Des Plaines, Illinois
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12.5.1 Matching of Individual Veneer Skins

By permission of National Wood Window and Door Association, Des Plaines, Illinois
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12.6.0 Laminate-Faced Particleboard Core Doors (Specifications and Grades)

By permission of National Wood Window and Door Association, Des Plaines, Illinois
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12.6.1 Laminate-Faced Mineral Core Doors (Specifications/Grades)

By permission of National Wood Window and Door Association, Des Plaines, Illinois

Doors and Windows



362 Section 12

12.7.0 Wood Door Construction Details

By permission of National Wood Window and Door Association, Des Plaines, Illinois
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12.8.0 Fire-Rated Wood Door Construction

Fire-rating construction for wood doors with large lites.

By permission of Eggers Industries, Twin Rivers, WI
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12.8.1 Fire-Rated, Sound-Retardant, Lead Lined, Electrostatic Shield Doors

By permission of National Wood Window and Door Association, Des Plaines, Illinois
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12.9.0 Data Required to Order Pre-Machined Wood Doors
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12.9.1 Hardware and Special Reinforcing Requirements

B
y 

p
e

rm
is

si
o

n
 o

f 
E

g
g

e
rs

 I
n

d
u

st
ri

e
s,

 T
w

in
 R

iv
e

rs
, W

I

Doors and Windows



Doors and Windows 367

12.9.2 Wood Door Glazing and Louver Options

By permission of National Wood Window and Door Association, Des Plaines, Illinois
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12.10.0 Installation of Exterior Wood Swinging Doors

• Measure the rough opening for size, out of plumb, and out of square.
• Check the existing sub-sill and ensure that it is level.
• Review the manufacturer’s installation tolerances and instructions for proper dimensions.
• In the absence of any manufacturer’s information, the rough opening should be no more

than 1½ inches wider and no more than 1 inch higher than the outside dimensions of the
door frame jamb.

• The rough opening should be no more than 1/8 inch out of plumb over the height of the
opening.

• The sub-sill should be capable of being leveled to within 1/16 inch over the width of the
opening, but not sloped to the interior of the structure.

By permission of National Wood Window and Door Association, Des Plaines, Illinois
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12.11.0 Warp Tolerance and Telegraphing Tolerances for Wood Doors

By permission of National Wood Window and Door Association, Des Plaines, Illinois

12.12.0 How to Store, Handle, Finish, Install, and Maintain Wood Doors

Installation

1. The utility or structural strength of the doors must not be impaired when fitting to the
opening, in applying hardware, in preparing for lights, louvers, plant-ons, or other detailing.

2. Use two hinges for solid-core doors up to 60 inches in height, three hinges up to 90 inches in
height, and an additional hinge for every additional 30 inches of height or portion thereof.
Interior hollow-core doors weighing less than 50 pounds and not over 7'6" in height can be
hung on two hinges. Use heavy weight hinges on doors over 175 Ibs. Pivot hardware can be
used in lieu of hinges. Consult the hinge or pivot hardware manufacturer with regard to
weight and size of hinges or pivots required.

3. Clearances between top and hinge door edges and door frame should be a minimum of 1/8"
(3.2 mm). For a single door latch edge, the clearance should be 1/8" (3.2 mm). For a pair of
doors, the meeting edge clearance should be 1/16" (1.6 mm) per leaf. The bottom edge
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should be ¾" (19 mm) maximum from the top of a non-combustible floor and 3/8" (10 mm)
maximum from the top of a noncombustible sill.

4. All hardware locations, preparations, and methods of attachment must be appropriate for
the specific door construction. Templates for specific hardware preparation are available
from hardware manufacturers or their distributors.

5. When light or louver cutouts are made for exterior doors, they must be protected to prevent
water from entering the door core.

6. Pilot holes must be drilled for all screws that act as hardware attachments. Threaded to the
head screws are preferable for fastening hardware to non-rated doors and are required on
fire-rated doors.

7. In fitting for height, do not trim the top or bottom edge by more than ¾ inches unless accommodated
by additional blocking. Trimming of fire-rated doors must be in accordance wih NFPA 80.

8. Doors and door frames should be installed plumb, square, and level.

Cleaning and Touchup

1. Inspect all wood doors prior to hanging them on the job. Repair noticeable marks or defects
that might have occurred from improper storage and handling.

2. Field repairs and touchups are the responsibility of the installing contractor upon completion
of initial installation. Field touchups shall include the filling of exposed nail or screw holes,
re-finishing raw surfaces resulting from job fitting, repairing job-inflicted scratches and mars,
and final cleaning of finished surfaces.

3. When cleaning door surfaces, use a non-abrasive commercial cleaner designed for cleaning
wood door or paneling surfaces that do not leave a film residue that would build-up or affect
the surface gloss of the door finish.

Adjustment and Maintenance

1. Ensure that all doors swing freely and do not bind in their frame. Adjust the finish hardware for proper
alignment, smooth operation and proper latching without unnecessary force or excessive clearance.

2. Review with the owner/owner’s representative how to periodically inspect all doors for wear,
damage, and natural deterioration.

3. Review with the owner/owner’s representative how to periodically inspect and adjust all
hardware to ensure that it continues to function as it was originally intended.

4. Finishes on exterior doors could deteriorate because of exposure to the environment. To
protect the door, it is recommended that the condition of the exterior finish be inspected at
least once a year and re-finished as needed.

Storage and handling

1. Store doors flat on a level surface in a dry, well-ventilated building. Doors should not come
in contact with water. Doors should be kept at least 3 1/2" off the floor and should have
protective coverings under the bottom door and over the top. Covering should protect doors
from dirt, water, and abuse, but allow for air circulation under and around the stack.

2. Avoid exposure of interior doors to direct sunlight. Certain species (e.g., cherry, mahogany,
walnut, and teak) in an unfinished state are more susceptible to discoloration if exposed to
sunlight or some forms of artificial light, To protect doors from light damage after delivery,
opaque wrapping of individual doors could be specified.

3. Do not subject interior doors to extremes of heat and/or humidity. Do not allow doors to
come in contact with water. Prolonged exposure could cause damage. Buildings where
humidity and temperature are controlled provide the best storage facilities (recommended
conditions 25%–55% RH and 50°F to 90°F).
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4. Do not install doors in buildings that have wet plaster or cement unless they have been
properly finished. Do not store doors in buildings with excessive moisture content. HVAC
systems should be operating and balanced.

5. Doors should always be handled with clean hands or while wearing clean gloves.
6. Doors should be lifted and carried when being moved, not dragged across one another.

Finishing

1. Wood is hygroscopic and dimensionally influenced by changes in moisture content caused
by changes within its surrounding environment. To ensure uniform moisture exposure and
dimensional control, all surfaces must be finished equally.

2. Doors should not be considered ready for finishing when initially received. Before finishing,
remove all handling marks, raised grain, scuffs, burnishes, and other undesirable blemishes
by block sanding all surfaces in a horizontal position with a 120- 150- or 180-grit sandpaper.
Solid-core flush doors, because of their weight, naturally compress the face veneer grain
while in the stack. Therefore, sanding of the overall surface will be required to open the
veneer grain to receive a field applied finish evenly. To avoid cross-grain scratches, sand with
the grain.

3. Certain species of wood, particularly oak, might contain extractives that react unfavorably
with foreign materials in the finishing system. Eliminate the use of steel wool on bare wood,
rusty containers or other contaminants in the finishing system.

4. A thinned coat of sanding sealer can be applied prior to staining to promote a uniform finish
and avoid sharp contrasts in color or a blotchy appearance. Door manufacturers are not
responsible for the final appearance of field-finished doors. It is expected that the painting
contractor will make adjustments, as needed, to achieve desired results.

5. All exposed wood surfaces must be sealed, including top and bottom rails. Cutouts for
hardware in exterior doors must be sealed prior to installation of hardware and exposure to
weather.

6. Dark-colored finishes should be avoided on all surfaces if the door is exposed to direct
sunlight, in order to reduce the chance of warping or veneer checking.

7. Water-based coatings on unfinished wood could cause veneer splits, highlight joints, and
raise wood grain. If used on exterior doors, the coating should be an exterior-grade product.
When installed in exterior applications, doors must be properly sealed and adequately
protected from the elements. Please follow the finish manufacturer’s recommendations
regarding the correct application and use of these products.

8. Be sure that the door surface being finished is satisfactory in both smoothness and color
after each coat. Allow adequate drying time between coats. Desired results are best achieved
by following the finish manufacturer’s recommendations. Do not finish doors until a sample
of the finish has been approved.

9. Certain wood fire doors have fire-retardant salts impregnated into various wood components
that make the components more hygroscopic than normal wood. When exposed to high-
moisture conditions, these salts will concentrate on exposed surfaces and interfere with the
finish. Before finishing the treated wood, reduce the moisture content below 11% and remove
the salt crystals with a damp cloth followed by drying and light sanding. For further
information on fire doors, see the NWWDA publication regarding Installing, Handling & Finishing
Fire Doors.

By permission of National Wood Window and Door Association, Des Plaines, Illinois
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12.13.0 Aluminum Door Types/Sectional Dimensions

By permission of Kawneer Corporation, Norcross, Georgia
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12.13.1 Aluminum Revolving Doors

By permission of Kawneer Corporation, Norcross, Georgia
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12.14.0 Windows (Aluminum, Wood, Steel, and Plastic

Aluminum Windows

According to ANSI/AAMA-101. aluminum used in the manufacture of windows must meet the
following specifications:

• Yield strength 16,000 psi (110.24 MPa)
• Tensile strength 22,000 psi (151.6 MPa)
• Coefficient of thermal expansion 13×10 to the –6-inch.inch/(2.45 cm) degree Fahrenheit (to convert

F to C, subtract 32 and divide by 1.8)

Aluminum windows are susceptible to corrosion if their painted or anodized surfaces are
exposed to the environment. Unless airborne contaminants are removed periodically by washing,
they will attract and hold moisture. In combination with pollutants, over time, the exposed
painted or anodized metal surface will be attached.

Aluminum is an excellent heat and cold transmitter. Without a thermal break in the window
frame, it will always present a cold interior surface during winter months. Aluminum window
components tend to expand and contract rapidly in response to temperature changes, causing stresses
on improperly installed glazing. If these stresses become excessive, cracks will develop in the glazed
section However, aluminum windows are very cost effective; are manufactured in a wide range of
sizes, configurations, and colors; and are generally maintenance-free, compared to wood windows.

Steel Windows

These windows are usually constructed of hot-rolled, #12 steel and are classified by the
minimum combined weight of the outside frame and vent member.

• Residential grade Minimum 2.0 pounds (0.9 kilogram) with maximum 1 inch (2.54 cm) from
front to back. The maximum dimension is (6½ feet (1.98 meters) and the maximum spacing
of mullions is 3 1/2 feet (1.07 meters).

• Standard grade Minimum 3.0 pounds per lineal foot (1.36 kilograms per 30.48 cm) with a
maximum of 1¼ inches (3.17 cm) front to back, ¾ inch (1.9 cm) vertical muntin required in
projected vents over 4½ feet (1.37 meters) wide. The maximum glazed area is 60 square feet
(5.58 square meters) and a maximum dimension is 10 feet (3.05 meters). For combined units,
a maximum mullion spacing of 6½ feet (1.98 meters) is permitted.

• Heavy intermediate grade Minimum of 3.5 pounds per lineal foot (1.58 kilograms per 30.48 cm)
with a maximum of 1 5/16 inches (3.33 cm) from front to back, ¾ inches (1.90 cm) vertical muntin
in projected vents over 5 feet (1.52 meters). The maximum glazed area is 84 squre feet (7.8 square
meters). For combined units, a maximum spacing of mullions is 6½ feet (1.98 meters).

• Heavy custom grade Minimum 4.2 pounds per lineal foot (1.91 kilograms per 30.48 cm) with a
maximum of 1½ inches (3.8 cm) from front to back of the ventilator and the supporting frame.

Steel windows exhibit great strength, allowing for large glazed areas. Thermal expansion is
minimal, but thermal breaks in the frames are required to prevent the transmission of heat and
cold from exterior to interior areas. These windows require periodic maintenance to ensure the
integrity of their protective coatings to prevent rusting of their components.

Plastic/Vinyl Windows

Vinyl windows are manufactured to ASTM D4216 specifications that require the minimum
properties of the polyvinychloride (PVC) to have an impact resistance of 0.65 four pounds per
inch (0.045 kilograms per square centimeter) of notch, a tensile strength of 5000 psi (34.5 Mpa),
a modulus of elasticity in tension of 0.29×106, deflection temperature under load at 140 degrees
F (77 degrees C) and a coefficient of expansion of less than 2.2×10 to the minus 5th inch (2.54
cm)/inch (2.54 cm)/degree Fahrenheit (to convert F to C, subtract 32 and divide by 1.8).

Vinyl windows can be manufactured in many textures and colors, including wood-finish
look-alikes. Although stabilizers are added to the vinyl compound, some dark colors have been
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known to fade or distort when exposed to strong sunlight for extended periods of time. Vinyl
windows are difficult to refinish if damaged or if the color fades. Vinyl windows exhibit excellent
thermal properties, do not expand or contract to any noticeable degree when subject to heat or
cold and are relatively maintenance free and cost effective.

Wood Windows

Wood windows offer beauty and warmth, as well as exhibiting excellent thermal qualities.
Protection from the elements and condensation requires that both interior and exterior surfaces
are either painted or otherwise sealed to prevent wood rot. Several manufacturers offer aluminum
or vinyl cladding to minimize exterior maintenance.
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12.15.0 Window Performance Grades and ANSI and NWWDA Standards for Wood Windows

By permission of Marvin Windows and Doors, Warroad, Minnesota
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12.17.0 NWWDA Air-Infiltration Standards

Operating force refers to maximum amount of force, expressed in pounds, required to open and
close a window unit.

12.16.0 Effect of Glazing Selections on Heat Gain

By permission of Anderson Corporation, Bayport, Minnesota
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Items to consider when placing an order for windows

1. Select style and material (wood, wood/clad, etc.).

2. Determine product size by using the rough opening, masonry opening, and frame size.

3. Identify manufacturer’s unit number.

4. Specify operation.

5. Specify screens, if required.

6. Specify any glazing options.

7. Specify interior wood finish (bare or factory primed).

8. Specify exterior wood finish (bare, factory primed, and clad).

9. Specify color of hardware options, any drips, metal accessory items.

10. Specify type of exterior casing.

11. Specify jamb width.

12. Select any additional options.

By permission of Marvin Windows and Doors, Warroad, Minnesota

12.18.0 Steps Required To Order Wood/Clad Windows
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12.19.0 Low-E Glazing (Illustration)

By permission of Marvin Windows and Doors, Warroad, Minnesota
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12.20.0 Thermal Movement and Frame Deflection
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12.21.0 Defining Fixed and Hinged Portions of French Door Assemblies
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12.22.0 Aluminum Window Wall (Stick-Built Construction)

By permission of Kawneer Corporation, Norcross, Georgia
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12.23.0 Aluminum Window Wall (Shear Block Fabrication)

By permission of Kawneer Corporation, Norcross, Georgia
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12.24.0 Aluminum Window Wall (Screwspline Fabrication)

By permission of Kawneer Corporation, Norcross, Georgia
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12.25.0 Sloped Glazing and Skylight Configurations

By permission of Kawneer Corporation, Norcross, Georgia
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13.0.0 Introduction to Contents

Finish hardware selections and specifications span a wide range of functions, materials of
construction and decorative requirements. The information contained in this section touches on
hardware mainstays: locksets, latchsets with trim and cylinders, hinges (butts), panic devices,
and informative specification tables. Although much of this information was furnished by two
manufacturers, it remains very much generic in nature.

13.1.0 Door Hinges (Types and Illustrations)

The butts are available in a wide range of metals

These butts have two equal square-edged leaves; one is
mortised into the door and the other into the farme. It is
available in standard, heavy, or extra heavy weight.

These butts have two equal leaves; one is square edged and
the other is bevel edged; the square edge is mortised into
the door edge and the bevel edge is mounted on the frame.
It is available in standard and heavy weight.

These butts have two equal leaves; one is square-edged and
the other is bevel-edged; the square edge is mortised into
the frame, the bevel edge is surface mounted on the door. It
is available in standard and heavy weight.

Two bevel-edged leave butts are of unequal size; one is
mounted on the frame, the other on the door.
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13.1.0 Door Hinges (Types and Illustrations) (Continued)

All of the above butts are general available in sizes referring to their height: 4½" (11.43 cm), 5" (12.7
cm), and 6" (15.24cm).

Swing clear/full mortise are also avaliable in half-surface,
half-mortise, and full-surface configurations. These types of
butts provide an unobstructed clear frame opening when
door is in the 90-degree open position. It is available in either
a single- or double-acting configuration, usually mortised
into the door and frame, providing closing action without a
separate closer.

Offset pivot hinges are mortised into the top and bottom
edges of the door and into the frame jamb at the top and
bottop of the frame. Center pivot hinges are attached to the
top and bottom edges of the door and either into the top
and bottom of the frame or into the floor and the top of the
frame. Fully mortised into the edge of the door and frame,
the hinge portion is not visible when the door is closed,
except when the Paumelle or Olive Knuckle hinge is used,
the olive-shaped portion is visible as an architectural feature.
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13.2.0 Lockset and Latchset Configurations and Functions

By permission: Sargent Manufacturing Company, New Haven, Connecticut
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13.2.0 Lockset and Latchset Configurations and Functions (Continued)

By permission: Sargent division ASSA ABLOY, New Haven, Connecticut
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13.2.0 Lockset and Latchset Configurations and Functions (Continued)

By permission: Sargent division ASSA ABLOY, New Haven, Connecticut
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13.3.0 Heavy-Duty Mortise Cases, Hubs, and Spring Cartridges

By permission: Sargent Manufacturing Company, New Haven, Connecticut
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13.4.0 Strikes (Illustrated)

By permission: Sargent Manufacturing Company, New Haven, Connecticut
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13.5.0 Door Knob Designs

By permission: Sargent Manufacturing Company, New Haven, Connecticut
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13.6.0 Lever Handle Designs

By permission: Sargent Manufacturing Company, New Haven, Connecticut
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13.6.1 Lever Handle Designs (Forged and Wrought)

By permission: Sargent Manufacturing Company, New Haven, Connecticut
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13.7.0 Turn Levers

By permission: Sargent Manufacturing Company, New Heaven, Connecticut
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13.8.0 Mortise Cylinders

By permission: Sargent Manufacturing Company, New Heaven, Connecticut
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13.8.1 Rosette and Blocking Rings for Cylinders

By permission: Sargent Manufacturing Company, New Heaven, Connecticut
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By permission: Sargent Manufacturing Company, New Heaven, Connecticut

13.8.2 Miscellaneous Cams for Mortise Cylinders
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13.9.0 Deadbolts, Spindles, Security Fasteners, and Guard Bolts

By permission: Sargent Manufacturing Company, New Heaven, Connecticut
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By permission: Sargent Manufacturing Company, New Heaven, Connecticut

13.10.0 Construction Key Systems
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13.10.1 Removable Core Cylinders

By permission: Sargent Manufacturing Company, New Heaven, Connecticut
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13.11.0 Panic Devices (Concealed/Surface-Applied Vertical Rod Devices)

By permission: Von Duprin Exit Device—Ingersoll-Rand, Inc., Indianapolis, Indiana
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13.11.0 Panic Devices (Concealed/Surface-Applied Vertical Rod Devices) (Continued)

By permission: Von Duprin Exit Device—Igersoll-Rand, Inc., Indianapolis, Indiana
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13.11.1 Panic Devices (Mortise Lock Devices)

By permission: Von Duprin Exit Device—Ingersoll-Rand, Inc., Indianapolis, Indiana
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13.11.1 Panic Devices (Mortise Lock Devices) (Continued)

By permission: Von Duprin Exit Device—Ingersoll-Rand, Inc., Indianapolis, Indiana
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13.11.2 Panic Devices (Rim Devices Conventional and Enclosed Push-Bar Type)

By permission: Von Duprin Exit Device—Ingersoll-Rand, Inc., Indianapolis, Indiana
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13.11.2 Panic Devices (Rim Devices Conventional and Enclosed Push-Bar Type) (Continued)

By permission: Von Duprin Exit Device—Ingersoll-Rand, Inc., Indianapolis, Indiana
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13.11.3 Panic Devices (Rim Devices, Other Types of Pushes)
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13.11.3 Panic Devices (Rim Devices, Other Types of Pushes) (Continued)
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13.11.4 Panic Devices (Outside Trim)

By permission: Von Duprin Exit Device—Ingersoll-Rand, Inc., Indianapolis, Indiana
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13.11.4 Panic Devices (Outside Trim) (Continued)

By permission: Von Duprin Exit Device—Ingersoll-Rand, Inc., Indianapolis, Indiana
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13.12.0 Standard Keying Terms, Codes, and Designations
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13.13.0 Finish Symbols and Descriptions of These Finishes
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13.4.0 Recommended Number of Hinges and Frequency of Operations
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13.15 ASTM Specifications Applicable to Finish Hardware Requirements
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14.0.0 Drywall Systems

Steel or wood studs, faced with gypsum panels (regular, fire rated, or vinyl faced) have dominated
the construction industry, representing the most cost effective, light weight, and fire resistant
means of creating interior walls. Specialty products, such as ½-inch (12 mm) thick cement board,
sometimes referred to as Wonder board and exterior-grade gypsum sheathing panels, along with the
development of heavier-gauge structural metal studs for curtain wall construction, has expanded
the number of applications to which these products can be used.
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14.0.1 Non Load-Bearing Partitions

By permission: United State Gypsum Corporation, Chicago, Illinois

Drywall, Metal Framing, and Plaster



422 Section 14

14.0.1 Non Load-Bearing Partitions (Continued)

By permission: United State Gypsum Corporation, Chicago, Illinois
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14.0.2 Load-Bearing Partitions

By permission: United State Gypsum Corporation, Chicago, Illinois
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14.0.3 High-Performance Sound Control

By permission: United State Gypsum Corporation, Chicago, Illinois
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14.0.4 Wall Furring

By permission; United States Gypsum Corporation, Chicago, Illinois
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14.0.5 Nonload-Bearing Ceilings

By permission: United States Gypsum Corporation, Chicago, Illinois
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14.1.0 Wall Furring (Illustrations)

By permission: United State Gypsum Corporation, Chicago, Illinois
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14.2.0 Partition Construction Details (Illustrations)

By permission: United State Gypsum Corporation, Chicago, Illinois
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14.3.0 Plumbing Fixture Attachment and Electric Outlet Installation

By permission: United Slates Gypsum Corporation, Chicago, Illinois
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14.4.0 Tub and Shower Details—Single-Layer Panels

By permission: United State Gypsum Corporation, Chicago, Illinois

14.5.0 Wall Control Joint Details (Illustrated)

By permission: United State Gypsum Corporation, Chicago, Illinois
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14.6.0 Typical Bath Tub and Swimming Pool Wall Details

By permission: United State Gypsum Corporation, Chicago, Illinois
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14.7.0 Soffit Framing Specifications

This assembly consists of galvanized steel channel runners and studs faced with Sheetrock brand
Gypsum Panels, screw attached. It is a lightweight, fast and economical method of filling over
cabinets or lockers and of housing overhead ducts, pipes or conduits. The braced system permits
constructing soffits with depths of 48" (vertically) and widths to 72" (horizontally). The unbraced
system is for soffits up to 24"×24".

14.8.0 Shelf-Wall Specifications and Illustrations

This system provides load-carrying walls for shelving in stores, offices, schools and other
applications. Incorporating simple, quickly erected, economical steel stud components with Garcy
shelf brackets, standards and accessories, the assembly offers advantages of steel stud-drywall
construction plus structural strength to support shelving and merchandise.

In this assembly, 3 5/8" steel studs spaced no more than 24" o.c. are securely fastened to floor and
ceiling runners and surfaced with either single or double-layer Sheetrock brand Gypsum Panels. Slotted
standards are screw-attached through gypsum board to studs or steel reinforcing inserted between
layers.

By permission: United State Gypsum Corporation, Chicago, Illinois
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14.9.0 Chase-Wall Specifications and Illustrations

By permission: United State Gypsum Corporation, Chicago, Illinois
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14.10.0 Resilient Channel Partition Specifications
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14.11.0 Tall Wall Specifications and Limiting Heights

Partitions exceeding 30' in height are considered tall. When these taller than normal partition
heights are required, consideration must be given to length restrictions for manufacturing and
shipping steel studs, scaffolding, stud placement, etc.

Use double structural studs back-to-back 24" o.c. The studs should be the maximum practical
length so that the splice of one stud in each pair will occur at outer 1/3 of the span. The splice of the
other stud will occur at the opposite end. Attach studs back to back with screws approximately 4' o.c.
Attach each stud flange to top and bottom runner with ½" Type S-12 screws so that each pair of studs
will have four screw attachments at each end. Attach 1 ½" 20 ga. V-bracing to stud flanges on each side
assembly 12' o.c. for stud alignment and lateral bracing.

For 5 psf wind load, 20 ga. runner track is recommended. The fasteners should have a capacity of
300 Ib. in single shear and bearing. For 10 psf wind load, 18 ga. runner track attached with fasteners
with 400 Ib. single shear and bearing is recommended.

By permission: United States Gypsum Corporation, Chicago, Illinois
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14.11.1 L over 120/240/360 Explained

Many of the tables included in this section make reference to L/120, L/240, and L/360. For those
unfamiliar with these terms, the following explanation is of assistance in understanding the
deflection specification included in these tables. The established rule is that a member should no
deflect more than 1/360th of the length of its span, when the span is expressed in inches. To
convert inches to centimeters, multiply by 2.54. L represents the length of the span, specifically,
in the case of L/360, a 30foot (9.144 meter) beam, and this beam should not deflect more than
one inch (2.54 centimeters). If the criteria is L/240, then this 240-inch (609.6 cm), 20-foot (6.096
meter) beam shall not deflect more than one inch (2.54 cm).

Drywall, Metal Framing, and Plaster



Drywall, Metal Framing, and Plaster 437

14.11.2 Structural Stud Specifications
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14.11.3 Typical Limiting Heights of Interior Partitions

By permission: United State Gypsum Corporation, Chicago, Illinois

Drywall, Metal Framing, and Plaster



Drywall, Metal Framing, and Plaster 439

14.12.0 High-Performance Sound-Control Construction (Illustrations)

By permission: United State Gypsum Corporation, Chicago, Illinois
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14.13.0 Curtain Wall Construction (Illustrations)

By permission: United State Gypsum Corporation, Chicago, Illinois

Drywall, Metal Framing, and Plaster



Drywall, Metal Framing, and Plaster 441

14.13.1 Typical Curtain-Wall Limiting-Height Specifications

By permission: United State Gypsum Corporation, Chicago, Illinois
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14.14.0 Super Studs

By permission: Super Stud Building Products, Inc., Astoria, New York
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14.14.1 Super Stud Section Properties: 2 1/2" (13.85 cm) by 4" (10.16 cm) Studs

By permission: Super Stud Building Products, Inc., Astoria, New York
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14.14.2 Super Stud Section Properties: 4" (10.16 cm) by 8" (20.32 cm) Studs

By permission: Super Stud Building Products, Inc., Astoria, New York
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14.14.3 Super Stud Section Properties: 8" (20.32 cm) by 16" (40.64 cm) Studs

By permission: Super Stud Building Products, Inc., Astoria, New York
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14.14.4 Super Stud Section Properties: Terms and Definitions

By permission: Super Stud Building Products, Inc., Astoria, New York
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14.14.5 Super Stud Accessories

By permission: Super Stud Building Products, Inc., Astoria, New York

Drywall, Metal Framing, and Plaster



448 Section 14

14.14.5 Super Stud Accessories (Continued)

By permission: Super Stud Building Products, Inc., Astoria, New York
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14.14.5 Super Stud Accessories (Continued)

By permission: Super Stud Building Products, Inc., Astoria, New York
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14.15.0 Plaster Systems

For years, the three-coat plaster system installed on expanded metal lath, attached to either wood
or metal furring or studs, provided the ultimate in interior wall and ceiling construction. The
smooth monlithic system created by plastering provided a relatively abuse-resistant surface; when
decorative cornice or ceiling moldings were applied, an elegant room took shape.

However, the skills required to properly apply a three-coat plaster wall and their associated costs
brought forth the development of veneer plaster systems in the 1960s. These systems took advantage
of the large gypsum panels available to provide a smooth, stable foundation for a 1/16 inch (3 mm) to
1/8 inch (6 mm) application of plaster. The overall cost of this system is considerably lower than the
conventional scratch-brown-finish coat. With a drying time of 48 hours versus 5 days for the regular
three-coat system, production is greatly increased.
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14.15.1 Comparing Conventional Plaster, Veneer Plaster, and Drywall Systems

By permission: United States Gypsum Corporation, Chicago, Illinois
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14.15.2 Lath and Plaster Installation Procedures

By permission: United States Gypsum Corporation, Chicago, Illinois
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14.15.3 Metal Lath, Hangers, Channel, and Stud Specifications

By permission: United States Gypsum Corporation, Chicago, Illinois
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14.15.4 Lath, Framing, and Furring Accessories

By permission: United States Gypsum Corporation, Chicago, Illinois
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14.16.0 Five Levels of Drywall-Taping Systems

• Level 1 All joints and interior angles shall have tape embedded in joint compound. The
surface shall be free of excess joint compound. Tool marks and ridges are acceptable. Suggested
location of Level 1 taping: fire-and smoke-taped baffles above suspended ceilings and elsewhere
where gypsum board is concealed from public view.

• Level 2 All joints and interior angles shall have tape embedded in the joint compound and
shall receive one separate coat of joint compound applied over all joints, angles, and fastener
heads and accessories. The surface shall be free of excess joint compound. Tool marks and
ridges are acceptable. Suggested location of Level 2 taping: Substrates that receive tile or
paneling in excess of ¼ inch (8 mm) thickness.

• Level 3 All joints and interior angles shall have tape embedded in the joint compound and
shall receive two separate coats of joint compound applied over all joints, angles, fastener
heads, and accessories. The surface shall be free of excess joint compound and all surfaces
shall be smooth and free of tool marks and ridges. Suggested location of Level 3 taping:
Areas scheduled to receive heavy-textured finishes (hand or spray applied), paneling less
than ¼ inch (8 mm) thickness, or Class III vinyl wall coverings.

• Level 4 All joints and interior angles shall have tape embedded in the joint compound and
shall receive three separate coats of joint compound applied over all joints, angles, fastener
heads, and accessories. Surfaces shall be free of excess joint compound and all surfaces shall
be free of tool marks and ridges. Suggested location of Level 4 taping: Areas to receive paint
coatings, paneling less than ¼ inch (8 mm) thickness, and where vinyl or wall fabric wall
coverings will be applied.

• Level 5 All joints and interior angles shall have tape embedded in the joint compound and
shall receive three separate coats of joint compound applied over all joints, angles, fastener
heads, and accessories. Provide a thin skim coat of joint compound (or other material
manufactured expressly for this purpose) over the entire surface. The finished surface shall
be free of excess joint compound and all surfaces shall be smooth of tool marks and ridges.
Suggested location of Level 5 taping: Areas scheduled to be lightly by cove-and washing-type
light fixtures.
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15.0.0 Most Frequently Encountered Flooring Materials

Materials for floor coverings range from painted concrete to custom-made ceramic tiles or
carpeting. This section deals primarily with those materials most frequently encountered on
construction projects: wood flooring, resilient flooring and carpet, and secondarily, with less
frequently used materials (stone veneer, seamless flooring, and terrazo).

15.1.0 Wood Flooring (Types)

The species of wood most commonly used for flooring is oak (red and white) and maple. Yellow
birch and sweet birch are used on occasion, as are more exotic and costly species (such as pecan,
walnut, cherry, ash, hickory, and teak).

• Oak Available in two grades of quartered sawed and five grades of plain sawed, generally
milled as tongue-and-groove, oak flooring is sold in plank, strip, block, or parquet form.

• Maple Obtained from the sugar maple or rock maple trees, this wood is exceptionally hard
and finds wide usage in gymnasium floors. Its resistance to abrasion and ability to take an
excellent finish makes it desirable for all wood floor applications where heavy wear will be
anticipated.

• Acrylic-impregnated hardwood Radiation polymerization of hardwood flooring replaces the air in
the wood cells with a liquid polymer using a vacuum and pressure process. The liquid polymer
can be colored or clear. The resultant finish will greatly improve the wood’s resistance to wear.

15.2.0 Resilient Flooring

Vinyl Composition Tile (VCT)

The two types of vinyl composition tile are available in several thicknesses:

• Type 1 Smooth surface
• Type 2 Embossed surface

A thoroughly blended composition of thermoplastic binders, fillers, and pigment is used. The
thermoplastic binder is polyvinyl chloride resin or a copolymer resin made by copolymerizing vinyl
chloride with other monomeric materials. The size is usually 12"×12" (304.8 mm). The difference
between length and width shall be no greater than 0.020" (0.51 mm) for any size of square tile.
Thickness will be either 1/8" (3.18 mm), 3/32" (2.38 mm), 0.080" (2.03 mm), 1/16" (1.59 mm).

Solid Vinyl Tile

Solid vinyl tiles are available in two types and three classes:

• Type 1 Smooth surface
~ Class A Monolithic
~ Class B Multi-layered

• Type 2 Embossed surface
~ Class A Monolothic
~ Class B Multi-layered

• Class C Class A or B with a permanently bonded coating.

Materials of Construction

• Class A Contains a constant composition throughout the tile thickness.
• Class B Contains layers of either Material I or Material II or combinations thereof.
• Class C Any construction of Class A or Class B that has a permanently bonded protective

coating of Material III.
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• Material I Vinyl plastic composed a binder stabilized against heat and polyvinyl chloride or a
copolymer of vinyl chloride (not less than 85% of which shall be polyvinyl chloride). The
vinyl resin must be at least 60%, by weight, of the binder.

• Material II (Translucent) A transparent vinyl plastic containing resins, each one of which shall
be polyvinyl chloride or a coploymer of vinyl chloride, not less than 85% of which is vinyl
chloride. The vinyl resin must be at least 60%, by weight, of the binder.

• Material III A clear or transparent layer specifically formulated to function as a top coat to
enhance the flooring material. This coating is composed of, but not restricted to, conventional
vinyl resins of plasticizers. The size is generally 12"×12" (304.8 mm)×(304.8 mm) with the
same tolerances as VCT.

The nominal thicknesses an be 1/8" (3.18 mm), 0.100" (2.54 mm), 0.080" (2.03 mm), 0.0625"
(1.59 mm), 0.050" (1.27 mm), 0.039" (1.00 mm).

Rubber floor tiles are made of 100% virgin synthetic rubber with a slip-retardant additive. This
type of flooring has high strength as a result of its elasticity and resilience. Base thickness for
heavy-duty wear is 0.130" (3.38 mm) and 0.100" (2.54 mm) for light-duty use.

15.3.0 Carpet Construction and Materials

Construction is the amount of pile packed into a given volume of carpet is translated into ounces
of yarn for unit volume and depends upon the following:

• Pitch The number of warp lines of yarn in a 27" width. The higher the “pitch”, the more
dense the carpet.

• Stitch The number of lengthwise yarn tufts contained in a 1" area. More stitches per inch
results in a more-dense carpet face.

• Pile height A measurement from the back of the pile to the front or top of the pile. High pile
does not wear well; low pile does not wear well. Medium pile is the better service pile.

Weight per yard, expressed in ounces per yard, is the total weight of the pile yard, plus backings
and coatings.

Materials of construction

• Wool Soft, good serviceabilty, and resilient. The highest priced of the carpet materials.
• Acrylics Wool-like appearance; average durability, abrasion resistance, and stain resistance.
• Polyester Good abrasion resistance; feels like wool; susceptible to oil-based stains.
• Olefin Also referred to as polypropylene, often is used for indoor-outdoor carpet. Resistant to

fading and staining; good abrasion resistance, resilience not good.
• Nylon Excellent abrasion resistance; easy to clean; and very good crush and stain resistance.

The backing material on all types of carpet can be either:

• Primary backing The material to which surface yarns are attached and constructed of jute
cotton, or a synthetic.

• Secondary backing A material laminated to the primary backing to improve resiliency and add
stability. It can be either jute or a woven or nonwoven synthetic material.

• Separate padding A cushioning material, separate from the carpet, that can be constructed of
jute, foam rubber, plastic, or felted cattle hair.

Flooring



460 Section 15

15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide)
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15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)
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15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)
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15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)
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15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)
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15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)
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15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)
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15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)
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15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)
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15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)

Flooring



470 Section 15

15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)
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15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)
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15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)
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15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)
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15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length Frorn
Rolls 9, 12, and 15 Feet Wide) (Continued)
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15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)
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15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)

Flooring



Flooring 477

15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)
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15.3.1 Computing Square Yards and Square Meters of Carpet (6 to 81 Feet in Length From
Rolls 9, 12, and 15 Feet Wide) (Continued)
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15.4.0 Seamless Flooring

A monolithic surface containing a resin matrix, fillers, and a decorative topping. The thermosetting
or thermoplastic matrix can be either an epoxy, one- or two-part polyester, one- or two-part
polyurethane, or a one- or two-part neoprene (polychloroprene) material.

15.5.0 Stone Veneer

Various types of thin stone veneer flooring materials are available for installation over concrete
or wood subfloors using a thin-set or mortar-bed installation process.

15.5.1 Thinset/Mortar-Bed Stone Veneer Installation Diagrammed

By permission: Buckingham-Virginia State Corp., Arvonia, Virginia
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15.6.0 Terrazo Flooring

Derived from the Italian terrace or terrazza, this type of flooring is prodceed by embedding small
pieces of marble in mortar. After curing, the surface is polished to a very smooth and shiny finish.

15.6.1 Terrazo Floor Components

TERRAZZO: Derived from the Italian “Terrace” or “Terrazza” and by definition over the centuries:
“A form of mosaic flooring made by embedding small pieces of marble in mortar and polishing.”

Today, the National Terrazzo and Mosaic Association (NTMA) defines this traditional material as
follows: “Terrazzo consists of marble, granite, onyx or glass chips in portland cement, modified portland
cement or resinous matrix. The terrazzo is poured, cured, ground and polished. Typically used as a
finish for floors, stairs or walls, Terrazzo can be poured in place or precast.”

“Rustic Terrazzo is a variation of where, in lieu of grinding and polishing, the surface is washed
with water or otherwise treated to expose the chips. Quartz, quartzite and river bed aggregates can
also be used.”

“Mosaic is an artistic finish composed of small hand cut pieces of smalti, glass or marble called
tessarae. The tessarae are mounted on paper by hand to form mosaic sheets. These sheets of mosaic
are then set in mortar on the job site to create beautiful patterns, designs, and murals.”

MARBLE CHIPS: Marble has been defined as a metamorphic rock formed by the recrystallization
of limestone. However, in recent decades, marble has been redefined to include all calcareous rocks
capable of taking a polish (such as onyx, travertine, and attractive serpentine rocks). Marble is quarried,
selected to avoid off color or contaminated material, crushed and sized to yield marble chips for
Terrazzo. Excellent domestic and imported marble chips are available for use in terrazzo in a wide
range of colors and can be combined in infinite varieties to create color harmonies of every descriptions.

MARBLE CHIP SIZES: Marble chips are graded by number according to size in accordance
with standards adopted by producers as follows:

CUSTOMARY SIZES FOR TOPPINGS:
1. Standard: No. 1 and 2.
2. Intermediate: No. 1, 2, 3, and 4.
3. Venetian: No. 1, 2, 3, 4, and 5; and/or 6, 7, and 8.
4. Resinous: (¼ inch thickness) No. 1 and 0.
5. Resinous: (3/8 inch thickness) No. 1, 2, and 0.

NOTE: Marble chip quarries normally produce 0, 1, and 2 as separate sizes. Larger sizes are
frequently grouped; for example #3–4 mixed and #7–8 mixed, and #4–7 mixed. #00 chips (1/16

to 1/32 inch size) are available for use in industrial floors.

SELECTING MARBLE CHIPS: It is highly desirable that color combinations be designated by
NTMA plate numbers (NTMA Color Plates). In the absence of NTMA color plates, it is important
that the size and color combinations be shown due to price differentials.

MATRICES: The matrix is the ingredient in a terrazzo floor which acts as a binder to hold the
chips in position. There are three basic types of matrices: cementitious, modified-cementitious and resinous.
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CEMENTITIOUS MATRICES: Portland Cement provides a good background for marble chips.
It can be tinted to produce various colors. White cement is color controlled during manufacture. Gray
Portland Cement may not be color controlled. For use in terrazzo, portland cement should exceed the
minimum standards of ASTM C-150.

MINERAL COLOR PIGMENTS: Interior: Shall not exceed two pound per bag of portland
cement. Exterior: Pigment shall not exceed 1/2 pound per bag of Portland Cement.

MODIFIED CEMENTITIOUS MATRICES: Polyacrylate Modified Cement: A composition
resinous material which has proven to be an excellent binder for use in thin-set terrazzo. Minimum
physical properties are stipulated in Polyacrylate Terrazzo specification.

RESINOUS MATRICES: EPOXY OR POLYESTER: A two component thermal setting resinous
material which has proven to be an excellent binder for use in thin-set terrazzo. Minimum physical
properties are stipulated in NTMA Terrazzo specifications,

DIVIDER STRIPS: White alloy of zinc, brass or plastic are used for function and aesthetics.
Brass and plastic may have a reaction with some resinous materials and should be used only if deemed
safe by the supplier of the resin.

The following are the most common types of strips available (in some systems, the strips act as
control joints).

1 ¼ inch Standard Divider Strip with anchoring device. Available in white alloy of zinc or brass and
14, 16 or 18 B & S gauge. Extensively used in Sand Cushion, Bonded to Concrete, Structural and
other types of cementitious terrazzo systems. Also used in monolithic terrazzo where slab has been
recessed or sawn to create a weakened vertical plane. Available in 1 ½ inch and greater depths for
Venetian Terrazzo control joints and special conditions.

1 ¼ inch Heavy Top Divider Strips with anchoring device. Available in white alloy of zinc or galvanized
steel bottom section. Top section available in white alloy of zinc, brass or colored plastic. Width of the
top section is 1/8, ¼, 3/8, or ½ inch. Basic use is the same for the 1 ¼ inch Standard Divider Strip. (Some
plastic strips are 1/16 inch and 5/16 inch instead of 1/8, ¼ and ½ inch).

K or L Strips in standard gauges or with the heavy top feature for use in monolithic or resinous “thin-set”
systems. Sizes vary according to the depth of the terrazzo topping. Can be attached to substrate with adhesive
compatible with topping matrix.

CONTROL JOINTS: Double “L” strips (Angle strips) or straight strips positioned back to back
are effective in allowing for anticipated shrinkage in the subfloor at construction joints, Double
“L” (Angle strips) are used for Thin-set and Monolithic systems.

In Sand Cushion Terrazzo, the employment of the normal single divider strips, regardless of the
gauge inserted in the Sand Cushion underbed up to five foot or less on centers, provides ample control
of anticipated shrinkage that will take place when the terrazzo work is installed in accordance to these
specifications as each divider picks up a minute amount of the contraction.

Construction joints in the structural slab have no bearing on the placement of divider strips in a
Sand Cushion system due to the use of an isolation membrane.

NOTE: It is not this Association’s intent to make expansion joint recommendations. Architects
should specify expansion joints and indicate locations and details on the project drawings.

By permission: The National Terrazo & Mosaic Association Inc., Des Plaines, lllinois
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Although surface preparation is the key to the proper application of any paint, a wide range of
commercially produced products are available for every functional and aesthetic purpose.

16.0.0 Generic Paint Formulations

Water-Based Coatings

The first water-based coating contained styrene or styrene butadiene and was known as latex
paint. These paints were for interior use only, but over the years, acrylic or acrylic ester resins
were developed for exterior use. Other water-based paints are alkyds, vinyl or polyvinyl acetates
and cement-based coatings.

Acrylic coatings are available as either opaque (colored) or clear. Methyl methacrylate is often
used as a clear coating for concrete to provide weathering protection.

Water-based coatings have higher permeability to water vapor, making them suitable for application
over moist, porous surfaces, such as wood, concrete, and masonry.

Solvent-Based Coatings

These coatings can be purchased as either clear or opaque materials. Clear solvent-based coatings
use drying oils mixed with a resin and are generally referred to as varnishes. Various clear
coatings will contain either:

• Phenolics Present good water and weathering characteristics. When mixed with tung oil, these
varnishes are most durable for marine use. However, the relative dark color tends to darken
with age and might preclude its use in some areas.

• Shellacs Shellac is a resin dissolved in spirit varnish, a volatile solvent. This coating is more
often used as a sealer under a more-durable top coat.

• Lacquers Cellulose derivations in volatile spirits. They have some application in interior use,
particularly for aesthetic considerations.

• Silicon resins in a solvent solution of mineral spirits This was once widely used as a masonry sealer.
With a life span of 5 to 10 years, this coating has largely been replaced by acrylic coatings
with a considerably longer life span.

• Urethane This is a one- or two-component, moisture-cured, solvent-based formulation with
superior wear-resistance characteristics.

Opaque solvent-based coatings use alkyds as their principal binder and are available either
water- or solvent-dispersed. When combined with an oil vehicle, these alkyd-oil coatings can be
formulated to produce a flat, semi-gloss or gloss finish that is fast drying, flexible, durable, chalk
resistant, and exhibits good color retention.

These coatings are not compatible with previous coatings that contain either lead or zinc. Alkyd-
based paints could not be used to encapsulate lead-based paint because the new application will most
likely cause blistering or peeling.

Chlorinated rubber coatings have good resistance to microorganisms, resistance to alkalis and
acids and low permeability to water and water vapor.

Chlorosulfonated polyethylene coatings are resistant to chlorine, bromine, oxygen, ozone, and
ultraviolet radiation.

Epoxy-ester coatings are made of epoxy resins and drying oils. These coatings exhibit resistance
to chemical fumes and the marine environment. The polyamide-cured type is very abrasion resistant
and will tolerate repeated scrubbing and washings. Bitumen epoxy coatings (both coal tar and asphalt
types) are generally used for heavy-duty immersion service, such as below-grade structural steel, and
underground tank and pipe coatings.

16.1.0 Special-Purpose Coatings

• Fire retardant or intumescent coatings.
• Reflective coatings to absorb the ultraviolet band of solar radiation and reflect it as visible light.
• Bituminous coatings of either water-based emulsions or solvent cut-back coal tar pitch or

asphalt materials.
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16.2.0 Coating Specifications for Normal Exposures (Exterior)

By permission © 1997 the Sherwin-Williams Company. All Rights Reserved.
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16.2.0 Coating Specifications for Normal Exposures (Exterior) (Continued)
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16.2.0 Coating Specifications for Normal Exposures (Exterior) (Continued)

         

16.3.0 Coating Specifications for Interior Surfaces
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16.3.0 Coating Specifications for Interior Surfaces (Continued)
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16.3.0 Coating Specifications for Interior Surfaces (Continued)
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16.3.0 Coating Specifications for Interior Surfaces (Continued)
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16.4.0 Specifications for Industrial Exposure (Light/Moderate Duty)
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16.5.0 Coating Recommendations (Industrial Exposure and Heavy-Duty Exposure)

16.4.0 Specifications for Industrial Exposure (Light/Moderate Duty) (Continued)

By permission © 1997 the Sherwin-Williams Company. All Rights Reserved.
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16.5.0 Coating Recommendations (Industrial Exposure and Heavy-Duty Exposure) (Continued)
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16.5.0 Coating Recommendations (Industrial, Exposure and Heavy-Duty Exposure) (Continued)

By permission © 1997 the Sherwin-Williams Company. All Rights Reserved.
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16.6.0 Painting Recommendations (Immersion Exposure)

         

16.7.0 Painting Recommendations (Low-Temperature Applications)
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16.8.0 Painting Recommendations (High-Temperature Exposure)

By permission © 1997 the Sherwin-Williams Company. All Rights Reserved.
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16.9.0 Recommended Surface-Preparation Procedures for Basic Construction Materials
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16.9.0 Recommended Surface-Preparation Procedures for Basic Construction Materials
(Continued)
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16.9.0 Recommended Surface-Preparation Procedures for Basic Construction Materials
(Continued)
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16.10.0 Preservative Treatment for Exterior Woodwork

Preservative Treatment for Exterior
Woodwork
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16.11.0 Myth of Maintenance-Free Exterior Coatings

1. What are the 20-year fluorocarbon paint coatings used on exterior aluminum members?

These coatings are high-molecular-weight polymers that have been formulated into a dispersion
coating for application at the factory. Polyvinylidene fluoride (PVF2) is the base ingredient
in these coatings. Other high-performance coatings are siliconized acrylics, siliconized
polyesters, and other synthetic polymers.

2. Are these coatings maintenance free?

No. Unless proper maintenance procedures are followed, these coated surfaces will degrade,
over time, in the presence of atmospheric weathering and airborne pollutants.

3. What specifically causes problems leading to degradation?

The collection of airborne dirt and chemical pollutants, in the presence of moisture, increases
the potential for erosion, corrosion, loss of surface gloss, stainings, and discoloration.

4. What is “chalking”?

Ultraviolet degradation of the resin vehicle and color in the coating results in loss of gloss
and the formation of powder on the surface. This powder is referred to as chalking, a change
in both the appearance and color of the coating. Regular maintenance can prevent chalking.

5. When should the maintenance of exterior curtain walls begin?

As soon as possible after the installation and acceptance of the building by the owner so as to
remove any dirt or pollutants caused during the construction process.

6. What is AAMA 610.1?

The American Architectural Manufacturers Association (AAMA) developed AAMA 610.1,
a procedure for the cleaning and maintenance of painted aluminum extrusions and curtain
wall systems. These are general, not specific guidelines. AAMA suggests that owners hire
experienced maintenance contractors for curtain wall cleaning, if they do not have such
individuals on staff.

7. What kind of cleaning cycles are considered adequate?

Exterior glazing is generally cleaned on a quarterly basis, depending upon the amount of
atmospheric pollution in a specific geographic area. Curtain wall and exterior aluminum
construction can be incorporated into the same schedule.

8. Can the rundown from sealants contribute to the staining of aluminum with high performance coatings?

Yes. The oils and plasticizers in many caulking materials can bleed onto adjacent metal surfaces
causing stains or discolorations.

9. If a factory finish on a curtain wall is stained or discolored to the point where it needs to be re-coated, can
a field applied coating be used to repair a factory applied coating?

In many cases—Yes. Coating manufacturers have developed a number of field applied airdried
primers and finish coats for in-place coating repairs. The coating manufacturer or an approved
applicator should be consulted for specifics.
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16.12.0 Steel-Structure Painting Procedures

The authority on surface preparation and the subsequent painting of steel structures, the Steel
Structures Painting Council, has developed a series of procedures that have become industry
standards. The Steel Structures Painting Council developed specific surface-preparation procedures
for the proper application of various types of coatings. Each surface-preparation procedure has
been given an “SP” number, prefaced by their organization letters (SSPC). A particular procedure
is referred to as SSPC-SP (and the number).

16.12.1 SSPC Specifications

16.12.2 SSPC Grading of New and Previously Painted Steel

Four surface conditions of new steel, with respect to its oxidation and rust formation, established
by SSPC are:

• Rust Grade A A steel surface covered completely by adherent mill scale with little or no
visible rust.

• Rust Grade B A steel surface covered with both mill scale and rust.
• Rust Grade C A steel surface completely covered with rust; little or no pitting is visible.
• Rust Grade D A steel surface completely covered with rust; pitting is visible.

Four conditions of previously painted steel construction are designated by SSPC for maintenance
painting and are based upon the rust-grade classifications established by the Council, which
range from:

• Grade E Non-deteriorated steel with 0 to 0.1% rust
• Grade F Slightly to moderately deteriorated steel with 0.1% to 1% rust

SSPC specification Description (summarized)

SP 1 Solvent Cleaning Removal of oil, grease, dirt, soil, salts, and contaminants by
cleaning with solvents, vapor, alkali, emulsion, or steam.

SP 2 Hand Tool Cleaning Removal of loose rust, loose mill scale, and loose paint, by
hand chipping, scraping, sanding, and wire brushing.

SP 3 Hand Tool Cleaning Removal of loose rust, loose mill scale, and loose paint, by
power-tool chipping, descaling, sanding, wire brushing, and
grinding.

SP 5 White Metal Blasting Removal of all visible rust, mill scale, paint, and foreign
matter by blast cleaning by wheel or nozzle, dry or wet, using
sand, grit, or shot.

SP 6 Commercial Blast Cleaning Blast cleaning until at least 2/3 of the surface area is free of
all visible residues.

SP 7 Brush-off, Blast Cleaning Blast cleaning of all, except tightly adhering residues of mill
scale, rust, and coatings, exposing numerous evenly
distributed flecks of underlying metal.

SP 8 Pickling Complete removal of rust and mill scale by acid pickling,
duplex pickling, or electrolytic pickling.

SP 10 Near-White Blast Cleaning Blast cleaning to nearly white-metal cleanliness, until at least
95% of the surface area is free of all visible residues.

SP 11-87T Power-Tool Complete removal of all rust, scales, and paint by power tools
Cleaning to Bare Metal with resultant surface profile.

Note: SSPC does not have an SP 9 category.
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• Grade G Deteriorated steel with 1 to 10% rust
• Grade H Severely deteriorated steel with more than 10% rust and up to 100% rust

16.12.3 Minimum Surface Preparation for Various Painting Systems

According to the SSPC, certain minimum surface-preparation requirements are necessary for the
application of various painting systems.

16.12.4 Steel Structures Painting Council (SSPC) Coating Systems

Painting System Minimum Surface Preparation

Oil base Hand tool cleaning (SSPC-SP2)

Alkyd Commercial blast cleaning (SSPC-SP6 or pickling, SSPC-SP8)
Phenolic Commercial blast cleaning (SSPC-SP6 or pickling, SSPC-SP8)
Vinyl Commercial blast cleaning (SSPC-SP6 or pickling, SSPC-SP8)

Rust-Preventative Compounds Solvent cleaning (SSPC-SP1 or nominal cleaning)
Asphalt Mastic Commercial blast cleaning (SSPC-SP6 or pickling, SSPC-SP8)
Coal-Tar Coatings Commercial blast cleaning (SSPC-SP6)

Coal-Tar Epoxy Commercial blast cleaning (SSPC-SP6)
Zinc Rich Commercial blast cleaning (SSPC-SP6)
Epoxy Polyamide Commercial blast cleaning (SSPC-SP6 or pickling, SSPC-SP8)

Chlorinated Rubber Commercial blast cleaning (SSPC-SP6 or pickling, SSPC-SP8)
Silicone Alkyd Commercial blast cleaning (SSPC-SP6 or pickling, SSPC-SP8)
Urethane Commercial blast cleaning (SSPC-SP6 or pickling, SSPC-SP8)

Latex Commercial blast cleaning (SSPC-SP6 or pickling, SSPC-SP8)

SSPC-PS 1.04 Three-coat oil-alkyd (lead and chromate free) painting system for galvanized
or nongalvanized steel (with zinc-dust/zinc-oxide linseed-oil primer

SSPC-PS 1.07 Three-coat oil-base red lead painting system
SSPC-PS 1.08 Four-coat oil-base red lead painting system
SSPC-PS 1.09 Three-coat oil-base zinc-oxide painting system (without lead or chromate

pigment)
SSPC-PS 1.10 Four-coat oil-base zinc-oxide painting system (without lead or chromate

pigment)
SSPC-PS 1.11 Three-coat oil-base red lead painting system
SSPC-PS 1.12 Three-coat oil-base zinc-chromate painting system
SSPC-PS 1.13 One-coat oil-base slow-drying maintenance painting system (without lead

or chromate pigments)
SSPC-PS 2.03 Three-coat alkyd painting system with red lead-oxide primer (for weather

exposure)
SSPC-PS 2.05 Three-coat alkyd painting system for unrusted galvanized steel (for weather

protection)
SSPC-PS 4.01 Four-coat vinyl painting system with red lead primer (for salt-waste or

chemical use)
SSPC-PS 4.02 Four-coat vinyl painting system (for fresh water, chemical, or corrosive

atmospheres)
SSPC-PS 4.03 Three-coat vinyl painting system with wash primer (for salt-water and

weather exposure)
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16.13.0 Generic High-Performance Coatings for Steel and Concrete

The following formulations are a sampling of the types and ranges of high-performance coatings
and their recommended service:
• Polyurethane alkyd copolymer Finish coat for pumps, motors, machinery, piping, and handrails,

resulting in a high gloss that has excellent brush, roller, and spray characteristics. This finish
exhibits excellent weathering capability and good abrasion resistance.

• Epoxy polyamide A 100% solid epoxy mastic that can be applied and cured underwater, providing
protection against metal corrosion and erosion, and the deterioration of concrete and wood
at (or below) the waterline. This type of coating is recommended for the repair of steel,
concrete, or wood pilings; leaking tanks; boat hulls; and cracks in concrete; however, it is
not recommended for immersion in (or exposure to) strong solvents or corrosive materials.

• Aliphatic polyurethane A two-part system that provides a satin finish coat on primed steel and
exhibits very good resistance to splash and spillage of acids, alkalies, solvents, and salts. It
has excellent abrasion-resistance qualities. This coating is used in chemical-processing, pulp
and paper mills, and in the petro chemical industries.

• Acrylic aliphatic polyurethane Another two-part coating system that can be applied by brush,
roller, or spray, and exhibits excellent weathering and abrasion-resistance characteristics.
This coating is recommended as a finish coat over pigmented polyurethanes for exterior
exposure where chemical resistance, gloss retention, and as excellent weathering characteristics
are required. This coating can be used to provide a graffiti-free surface.

• Elastomeric polyurethane A two-component coating system that is utilized as a build coat overall
compatible primer to provide a waterproof topping over concrete floors, decks, and walkways.
A nonskid aggregate is often added to this coating to provide a slip-resistant surface.

• Zinc-rich chlorinated rubber coating Considered a “cold galvanizing” coating. When this coating
is applied to a structural-steel member, the zinc metal in the coating bonds in much the same
manner as hot-dip galvanizing. This single-component coating is an excellent material for
the field touch-up of hot galvanized surfaces.

• Thixotropic coal-tar coatings A coal-tar-based material that can be applied in high-build layers by
either brushing or rolling several coats to an 8-mil thickness. This coating is highly adaptable
to application for underground or underwater usage.

SSPC-PS 4.04 Four-coat white or colored vinyl painting system (for fresh-water, chemical,
or corrosive atmospheres)

SSPC-PS 4.05 Three-coat vinyl painting system with wash primer and vinyl alkyd finish
coat (for atmospheric exposure)

SSPC-PS 8.01 One-coat rust-preventative painting system for thick-film compounds
SSPC-PS 9.01 Cold-applied asphalt mastic painting system with extra-thick film
SSPC-PS 10.01 Hot-applied coal-tar enamel painting system
SSPC-PS 10.02 Cold-applied coal-tar mastic painting system
SSPC-PS 11.02 Black (or dark red) coal-tar epoxy-polyamide painting system
SSPC-PS 12.01 One-coat zinc-rich painting system
SSPC-PS 13.10 Epoxy polyamide painting system
SSPC-PS 14.01 Steel-joist shop-painting system
SSPC-PS 15.01 Chlorinated-rubber painting system for salt-water immersion
SSPC-PS 15.02 Chlorinated-rubber painting system for fresh-water immersion
SSPC-PS 15.03 Chlorinated-rubber painting system for marine and industrial atmospheres
SSPC-PS 15.04 Chlorinated rubber painting system for field application over a shop-applied

solvent-base inorganic zinc-rich primer
SSPC-PS 16.01 Silicone alkyd-base painting system for new steel
SSPC-PS 18.01 Three-coat latex painting system
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• Coal-tar epoxy polyamide Providing excellent corrosion, chemical, and abrasion-resistance
qualities, this coating is used in the sewage, water-treatment, chemical-processing industries,
and on bridges and pilings, where steel and concrete structures are exposed to heavy-duty
service conditions, Manufacturers, such as Carbonline and TNEMAC produce these, and
other types of high-performance coatings.
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17.0.0 Basic elevator types, classifications,
speeds, and capacities

17.1.0 Traction elevator installation (isometric)
17.1.1 Traction elevator (typical platform and

sling assembly)
17.2.0 Traction gearless elevator installation

(isometric)
17.3.0 Hydraulic elevator instal lat ion

(isometric)
17.3.1 Hydraulic elevator (typical platform and

sling assembly)
17.4.0 Hydraulic freight elevator installation

(isometric)

17.5.0 Hoistway section (traction elevator)
17.6.0 Hoistway section (holeless, telescoping

holeless, and conventional elevator)
17.7.0 Elevator machine-room configurations
17.8.0 Gearless elevator machine-room

configuration
17.9.0 Hydraulic elevator preparation work

(check list)
17.10.0 Dumbwaiter installation (isometrics)
17.11.0 Dumbwaiter (typical uses, standard sizes,

and horsepower amperage)
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17.0.0 Basic Elevator Types, Classifications, Speeds, and Capacities
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17.1.0 Traction Elevator Installation (Isometric)

Reprinted with permission from Dover Elevator Company, Memphis, Tennessee

Elevators—Dumbwaiters
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17.1.1 Traction Elevator (Typical Platform and Sling Assembly)

Reprinted with permission from Dover Elevator Company, Memphis, Tennessee
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17.2.0 Traction Gearless Elevator Installation (Isometric)

Reprinted with permission from Dover Elevator Company, Memphis, Tennessee
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17.3.0 Hydraulic Elevator Installation (Isometric)

Reprinted with permission from Dover Elevator Company, Memphis, Tennessee
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17.3.1 Hydraulic Elevator (Typical Platform and Sling Assembly)

Reprinted with permission from Dover Elevator Company, Memphis, Tennessee
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17.4.0 Hydraulic Freight Elevator Installation (Isometric)

Reprinted with permission from Dover Elevator Company, Memphis, Tennessee
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17.5.0 (Hoistway Section, Traction Elevator)

Reprinted with permission from Dover Elevator Company, Memphis, Tennessee
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17.6.0 Hoistway Section (Holeless, Telescoping Holeless, and Conventional Elevator)

Reprinted with permission from Dover Elevator Company, Memphis, Tennessee
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17.7.0 Elevator Machine-Room Configurations

Reprinted with permission from Dover Elevator Company, Memphis, Tennessee
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17.8.0 Gearless Elevator Machine-Room Configurations

Reprinted with permission from Dover Elevator Company, Memphis, Tennessee
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17.9.0 Hydraulic Elevator Preparation Work (Check List)

Reprinted with permission from Dover Elevator Company, Memphis, Tennessee

Elevators—Dumbwaiters



520 Section 17

17.10.0 Dumbwaiter Installation (Isometrics)

By permission MATOT, Bellwood, Illinois
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17.11.0 Dumbwaiter (Typical Uses, Standard Sizes, and Horsepower Amperage)

By permission MATOT, Bellwood, Illinois
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18.0.0 Introduction to plumbing
18.1.0 Equivalent length (pipe, elbows, tees,

and valves)
18.1.1 Equivalent length of pipe for 90-degree

elbows (in feet)
18.2.0 Maximum capacity of gas pipe in cubic

feet per hour
18.3.0 Iron and copper elbow-size equivalents
18.4.0 Water velocities (types of service)
18.5.0 Flow rates/demand for various plumbing

fixtures
18.5.1 Hot-water demand for various fixtures
18.6.0 Head-of-water equivalents (in PSI)
18.7.0 Pipe sizes for horizontal rainwater

piping
18.8.0 Velocity/flow in cast-iron sewer pipe of

2" (5.08 cm) and 3" (7.6 cm)
18.9.0 Expansion characteristics of metal and

plastic pipe
18.9.1 Expansion characteristics of metal and

plastic pipe in graph form
18.10.0 Size of roof drains for varying amounts

of rainfall (in square feet)
18.11.0 Comparative costs of steam-condensate

systems
18.12.0 Supports for pipe risers (illustrated)
18.12.1 Supports for horizontal  pipe runs

(illustrated)

18.13.0 Cast-iron pipe hub-barrel dimensions
18.14.0 Pipe diameters and trench widths (U.S.

and metric sizes)
18.15.0 Pipe test plugs (illustrated)
18.16.0 Thrust pressures when hydrostatically

testing soil pipe
18.17.0 Piping schematics (vent and stack

installations)
18.17.1 Piping schematics (continuous- and

looped-vent system)
18.17.2 Piping schematics (stacked fixture

installation)
18.17.3 Piping schematics (roof drain and leader,

hubless/hub pipe)
18.17.4 Piping schematics (battery of fixtures

with a common vent)
18.17.5 Piping schematics (circuit venting/ wet

venting)
18.17.6 Piping schematics (typical waste and vent

installation)
18.18.0 Various city water-temperature and

hardness figures
18.19.0 Abbreviations, definitions, and symbols

that appear on plumbing drawings
18.19.1 Recommended symbols for plumbing on

plumbing drawings
18.19.2 Symbols for pipe fittings and valves

Section
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18.0.0 Introduction to Plumbing

Leonardo DaVinci is credited with the design and installation of the first indoor plumbing system
in Italy in the mid-sixteenth century. Other than the addition of sophisticated pumps on the
supply side and designer fixtures on the other end, not much has changed, except for the materials
of construction (gravity still plays as important role today as it did in 1550). A building plumbing
system will generally consist of incoming domestic water service and distribution, above- and
below-grade drainage systems for both sanitary and storm water, a venting system, pipe, fittings,
valves, pumps, and fixtures.

18.1.0 Equivalent Length (Pipe, Elbows, Tees and Valves)

Plumbing



Plumbing 525

18.1.1 Equivalent Length of Pipe for 90-Degree Elbows (In Feet)

18.2.0 Maximum Capacity of Gas Pipe (in Cubic Feet Per Hour)

By permission of American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Inc. Atlanta, Georgia, from their 1993 ASHRAE Fundamentals Handbook
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18.3.0 Iron and Copper Elbow-Size Equivalents

By permission of American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Inc. Atlanta, Georgia, from their 1993 ASHRAE Fundamentals Handbook

18.4.0 Water Velocities (Types of Service)

By permission of American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Inc. Atlanta, Georgia, from their 1993 ASHRAE Fundamentals Handbook
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18.5.0 Flow Rates/Demand for Various Plumbing Fixtures

By permission of American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Inc. Atlanta, Georgia, from their 1993 ASHRAE Fundamentals Handbook
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18.5.1 Hot-Water Demand for Various Fixtures

By permission of American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Inc. Atlanta, Georgia, from their 1993 ASHRAE Fundamentals Handbook

18.6.0 Head-of-Water Equivalents (in PSI)

Plumbing
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18.7.0 Pipe Sizes for Horizontal Rainwater Piping

By permission of Cast Iron Soil Pipe Institute
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18.8.0 Velocity/Flow in Cast-Iron Sewer Pipe of 2" (5.08 cm) and 3" (7.6 cm)

By permission of Cast Iron Soil Pipe Institute
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18.9.0 Expansion Characteristics of Metal and Plastic Pipe

Expansion: Allowances for expansion and contraction of building materials are important design
considerations, Material selection can create or prevent problems. Cast iron is in tune with building
reactions to temperature. Its expansion is so close to that of steel and masonry that there is no
need for costly expansion joints and special offsets. That is not always the case with other DWV
materials.

By permission of Cast Iron Soil Pipe Institute
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18.9.1 Expansion Characteristics of Metal and Plastic Pipe in Graph Form

By permission of Cast Iron Soil Pipe Institute, Chattanooga, Tn
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18.10.0 Size of Roof Drains for Varying Amounts of Rainfall (in Square Feet)

By permission of Cast Iron Soil Pipe Institute

18.11.0 Comparative Costs of Steam-Condensate Lines

By permission of Cast Iron Soil Pipe Institute
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18.12.0 Supports for Pipe Risers (lllustrated)

By permission of Cast Iron Soil Pipe Institute
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18.12.1 Supports for Horizontal Pipe Runs (lllustrated)

By permission of Cast Iron Soil Pipe Institute
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18.13.0 Cast-Iron Pipe Hub-Barrel Dimensions

The following dimensions are given for use as convenient information on details of the hub
barrel, and spigot, and are not requirements of this specification.

By permission of Cast Iron Soil Pipe Institute
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18.14.0 Pipe Diameters and Trench Widths (U.S. and Metric Sizes)
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18.15.0 Pipe Test Plugs (lllustrated)

18.16.0 Thrust Pressures When Hydrostatically Testing Soil Pipe

By permission of Cast Iron Soil Pipe Institute
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18.17.0 Piping Schematics (Vent and Stack Installations)

By permission of Cast Iron Soil Pipe Institute
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18.17.1 Piping Schematics (Continuous- and Looped-Vent System)

By permission of Cast Iron Soil Pipe Institute
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18.17.2 Piping Schematics (Stacked Fixture Installation)

By permission of Cast Iron Soil Pipe Institute
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18.17.3 Piping Schematics (Roof Drain and Leader, Hubless/Hub Pipe)

By permission of Cast Iron Soil Pipe Institute
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18.17.4 Piping Schematics (Battery of Fixtures with a Common Vent)

By permission of Cast Iron Soil Pipe Institute
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18.17.5 Piping Schematics (Circuit Venting/Wet Venting)

By permission of Cast Iron Soil Pipe Institute
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18.17.6 Piping Schematics (Typical Waste and Vent Installation)

Typical waste and vent pipe installation for plumbing fixtures

By permission of Cast Iron Soil Pipe Institute
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18.18.0 Various City Water-Temperature and Hardness Figures

By permission of The Trane Company, LaCrosse, Wisconsin
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18.19.0 Abbreviations, Definitions, and Symbols that Appear on Plumbing Drawings

By permission of Cast Iron Soil Pipe Institute
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18.9.1 Recommended Symbols for Plumbing on Plumbing Drawings

Symbol for fixtures1.

By permission of Cast Iron Soil Pipe Institute
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18.19.1 Recommended Symbols for Plumbing on Plumbing Drawings (Continued)

By permission of Cast Iron Soil Pipe Institute
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18.19.2 Symbols for Pipe Fittings and Valves

By permission of Cast Iron Soil Pipe Institute
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18.19.2 Symbols for Pipe Fittings and Valves (Continued)

By permission of Cast Iron Soil Pipe Institute
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19.9.0 Introduction to fire protection
19.1.0 Wet-pipe systems
19.2.0 Dry-pipe systems
19.3.0 Pre-action systems
19.4.0 Fire-cycle systems
19.5.0 Deluge systems
19.6.0 Standpipes
19.7.0 Sprinkler heads
19.8.0 Hose stations
19.9.0 Siamese connections
19.10.0 Light, ordinary, extra-hazard occupancy

(defined
19.11.0 Illustration of grid versus looped system
19.12.0 Placement of sprinkler heads in relation

to obstructions
19.13.0 Sprinkler-head placement requirements

19.14.0 Sprinkler-head requirements for various
hazards

19.15.0 Temperature ratings of sprinklers, based
on the distance from the heat source

19.16.0 Sprinkler maintenance schedules
19.17.0 Hangers for sprinkler pipes
19.18.0 Piping weights when filled with water
19.19.0 Seismic zones and piping modification

requirements
19.20.0 Unacceptable pipe weld joints (illustrated)
19.21.0 Schematics of fire-department connections/

water supply
19.22.0 Schematics of commercial cooking

automatic nozzle installation
19.23.0 Contractor’s material and test certification

forms

Section
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19.0.0 Introduction to Fire Protection

Sprinklers and other fire-protection systems are available in many different variations, each
designed for specific fire-suppression situations. Systems using water can be customized in many
ways, but all maintain the same basic components. If local water systems cannot provide sufficient
volume and/or pressure, water tanks are often installed to provide adequate flow, delivering the
required amounts of water by gravity, air, or pump pressure.

Systems capable of delivering oxygen-starving foams or powders are frequently used if these
particular agents are more effective in suppressing fire. Halogenated agents, halon, developed to replace
water as the agent to extinguish fires without damaging sensitive equipment, is used in many computer
rooms or other areas that contain delicate and valuable documents, fabrics, and relics. And portable
fire extinguishers of various capacities are used in localized situations to extinguish combustible material,
solvent oil, and electrical fires.

19.1.0 Wet-Pipe Systems

Wet-pipe systems are the most common systems used in commercial and industrial construction.

• Advantages Rapid response to fire control because the sprinkler pipes are always filled with
water, relatively uncomplicated design, highly reliable.

• Disadvantages Cannot be used where systems are to be installed in a building that is not heated
and where ambient temperatures are at (or below) freezing, unless an anti-freeze solution is
added to the water in the system.

19.2.0 Dry-Pipe Systems

Dry-pipe systems are used where fire protection is required to be installed in unheated spaces,
where ambient temperatures will dip below the freezing mark. This system is often used in low-
hazard areas.

• Advantages Dry valves allow pressurized air to fill the piping until a sprinkler head requires
that water enter the system; therefore, ambient freezing problems are eliminated.

• Disadvantages There is a delay in response time, which this requires more water to be delivered
quickly. Therefore, piping sizes are generally much larger than those in a wet system. The dry
system might also require the installation of more sprinkler heads than required in a wet
system. The dry system will also need an air compressor (another piece of equipment that will
require maintenance) to ensure that pressure is in the system at all times.

19.3.0 Pre-Action Systems

This form of sprinkler system is a two-stage system. The first stage is the alert and fire-notification
phase. When detected, the presence of a fire activates the alarm (the first phase); the second
phase is the sprinkler response.

• Advantages This system combines some of the advantages of a dry system, but adds a time
delay to fill the lines with water prior to the opening of any sprinkler systems.

• Disadvantages There is a delay in delivering water through the sprinkler heads as the pre-action
valves fills the pipes with water, following the sprinkler heads to open in response to the
presence of fire.

19.4.0 Fire-Cycle Systems

This system functions in much the same manner as the pre-action system, except that it adds the
installation of sensing devices to stop the flow of water when the fire has been extinguished.

• Advantages Minimizes water damage after the fire has been extinguished.
• Disadvantages Delay in delivering water to the required area(s).

Fire Protection
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19.5.0 Deluge Systems

The deluge system is similar to the pre-action system, except that all sprinkler heads are kept
open when the system is activated.

• Advantages In high hazard areas, this system delivers water through all of the sprinkler heads
in the system, instead of just opening selected heads in close proximity to the fire,

• Disadvantages The entire area is deluged with water—even if the fire is restricted to a much
smaller area.

19.6.0 Standpipes

Standpipes are installed in high-rise buildings to create an internal water supply on upper floors
so that firefighters can attach their hoses to connections on the standpipe and effectively fight the
fire on that floor. Standpipes are generally located in or near stair enclosures so that firefighters
can have a water supply available before entering the actual floor where the fire has occurred.

Standpipe systems are usually of a wet system design and operate through an up-feed pump to
ensure proper volume and pressure on the upper floors of a multi-story building. However, water can
be delivered through the standpipe system by the firefighter’s pumper truck, connected to a city fire
hydrant, delivering high-pressure, high-volume water through the standpipe via an external siamese
connection.

19.7.0 Sprinkler Heads

Sprinkler heads are available in a variety of configurations and materials of construction, depending
on their coverage and aesthetic requirements. Sprinkler heads are generally of two basic types:

• Fusible Heads with soldered metal links that keep the head closed until the temperature rises to
the point where the metal reaches its melting point. The solder will then yield, allowing the
sprinkler head to open. Fusible metal alloy pellets can also be used. The pellet will melt at a
predetermined temperature and allow the sprinkler head to open.

• Frangible A breakable, transparent glass capsule containing a colored liquid that will expand to
the point where the glass will break, allowing the sprinkler head to open. The liquid is color-
coded so that visible inspection will confirm that the correct temperature-seeking head has
been installed.

19.8.0 Hose Stations

There is often disagreement about the advantages of installing hose cabinets, complete with
reeled hoses in strategic locations throughout a building. Often, these cabinets will contain only
a valved, threaded connection, but no hose or reel. Unless the hoses are inspected and maintained
properly by the building’s owner, they could deteriorate, or even be removed from the cabinet.
Many firefighters, not trusting the quality of cabinet fire hoses, bring their own hoses to the
building to attach to hose connections in the cabinets.

Hose nozzles, when attached to these cabinet hoses, are available in adjustable fog, spray type,
straight steam, smooth-bore, or combination solid stream and spray. Solid-stream nozzles, ranging in
size from 3/4 inch (1.90 cm) to 2 inches (5.08 cm) can deliver 120 to 560 gallons per minute, at
pressures ranging from 40 to 10 pounds per square inch (psi).

19.9.0 Siamese Connections

A siamese connection is an external source, attached to the building, to which firefighters can attach
their hoses from pumper trucks and pressurize the building’s sprinkler system by drawing water
from a city hydrant. The location of the siamese connection, number of connections, and size
and type of thread pattern varies, depending upon local fire-marshall requirements.
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19.10.0 Light, Ordinary, and Extra-Hazard Occupancy (Defined)

Light Hazard Occupancies include occupancies having conditions similar to:

Churches
Clubs
Eaves and overhangs, if combustible construction with no combustibles beneath
Educational
Hospitals
Institutional
Libraries, except large stack rooms
Museums
Nursing or convalescent homes
Office, including data processing
Residential
Restaurant seating area
Theaters and auditoriums excluding stages and prosceniums
Unused attics

Ordinary Hazard Occupancies (Group 1) include occupancies having conditions similar to:

Automobile parking and showrooms
Bakeries
Beverage manufacturing
Canneries
Dairy products manufacturing and processing
Electronic plants
Glass and glass products manufacturing
Laundries
Restaurant service areas.

Ordinary Hazard Occupancies (Group 2) include occupancies having conditions similar to:

Cereal mills
Chemical plants—ordinary
Confectionery products
Distilleries
Dry cleaners
Feed mills
Horse stables
Leather goods manufacturing
Libraries—large stack room areas
Machine shops
Metal working
Mercantile
Paper and pulp mills
Paper process plants
Piers and wharves
Post offices
Printing and publishing
Repair garages
Stages
Textile manufacturing
Tire manufacturing
Tobacco products manufacturing
Wood machining
Wood product assembly
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Extra Hazard Occupancies (Group 1) include occupancies having conditions similar to:

Aircraft hangers (except as governed by NFPA 409)
Combustible hydraulic fluid use areas
Die casting
Metal extruding
Plywood and particle board manufacturing
Printing [using inks having flash points below 100°F (37.9°C)]
Rubber reclaiming, compounding, drying, milling, vulcanizing
Saw mills
Textile picking, opening, blending, garnetting, carding, combining of cotton, synthetics, wool

shoddy, or burlap
Upholstering with plastic foams

Extra Hazard Occupancies (Group 2) include occupancies having conditions similar to:

Asphalt saturating
Flammable liquids spraying
Flow coating
Manufactured home or modular building assemblies (where finished enclosure is present and

has combustible interiors)
Open oil quenching
Plastics processing
Solvent cleaning
Varnish and paint dipping

Other NFPA standards contain design criteria for fire control or fire suppression. While these
may form the basis of design criteria, this standard describes the methods of design, installation,
fabrication, calculation, and evaluation of water supplies that should be used for the specific
design of the system.

Included among items requiring listing are sprinklers, some pipe and some fittings, hangers, alarm
devices, valves controlling flow of water to sprinklers, valve tamper switches, and gauges.

Information regarding the highest temperature that may be encountered in any location in a
particular installation may be obtained by use of a thermometer that will register the highest temperature
encountered; it should be hung for several days in the location in question, with the plant in operation.
Reprinted with permission from NFPA 13, Installation of Sprinkler Systems, Copyright © 1994, National Fire Protection

Association, Quincy, MA 02269. This reprinted material is not the complete and official position of the National Fire
Protection Association, on the referenced subject which is represented only by the standard in its entirety.
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19.11.0 lllustration of Grid Versus Looped System

Reprinted with permission from NFPA 13, Installation of Sprinkler Systems, Copyright © 1994, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the complete and official position of the National Fire Protection Association, on the

referenced subject which is represented only by the standard in its entirety.
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19.12.0 Placement of Sprinkler Heads in Relation to Obstructions

Reprinted with permission from NFPA 13, Installation of Sprinkler Systems, Copyright © 1994, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the complete and official position of the National Fire Protection Association, on the

referenced subject which is represented only by the standard in its entirety.
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19.13.0 Sprinkler-Head Placement Requirements

Reprinted with permission from NFPA 13, Installation of Sprinkler Systems, Copyright © 1994, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the complete and official position of the National Fire Protection Association, on the

referenced subject which is represented only by the standard in its entirety.
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19.14.0 Sprinkler-Head Requirements for Various Hazards

Reprinted with permission from NFPA 13, Installation of Sprinkler Systems, Copyright © 1994, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the complete and official position of the National Fire Protection Association, on the

referenced subject which is represented only by the standard in its entirety.
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19.15.0 Temperature Ratings of Sprinklers, Based on the Distance from the Heat Source

Reprinted with permission from NFPA 13, Installation of Sprinkler Systems, Copyright © 1994, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the complete and official position of the National Fire Protection Association, on the

referenced subject which is represented only by the standard in its entirety.
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19.16.0 Sprinkler Maintenance Schedules

Reprinted with permission from NFPA 13, Installation of Sprinkler Systems, Copyright © 1994, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the complete and official position of the National Fire Protection Association, on the

referenced subject which is represented only by the standard in its entirety.
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19.17.0 Hangers for Sprinkler Pipes

Reprinted with permission from NFPA 13, Installation of Sprinkler Systems, Copyright © 1994, National Fire Protection Association,
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19.18.0 Piping Weights When Filled With Water
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19.19.0 Seismic Zones and Piping-Modification Requirements
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19.20.0 Unacceptable Pipe Weld Joints (lllustrated)
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19.21.0 Schematics of Fire-Department Connections/Water Supply
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19.22.0 Schematics of Commercial Cooking Automatic Nozzle Installation
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19.23.0 Contractor’s Material and Test Certification Forms
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19.23.0 Contractor’s Material and Test Certification Forms (Continued)
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19.23.0 Contractor’s Material and Test Certification Forms (Continued)
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20.0.0 Introduction

The indoor work environment must be controlled and regulated to provide the occupants with a
healthy and productive work area. The comfort zone for people in a work environment depends
upon two factors: heat/air conditioning and humidity. The ideal indoor temperature should
range from 65 degrees F (18 degrees C) to 75 degrees F (24.5 degrees C) and relative humidity
levels should be between 30 and 50%. Basic HVAC systems all have common components: heat
and/or cooling sources, a method by which the heating or cooling is distributed, terminal devices
to disperse the heat or cooling, and a means to control the equipment.
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20.1.0 Common Boiler Types

Scotch Marine - The Classic Firetube Boiler

The Scotch Marine style of boiler has become so popular in the last 40 years that it frequently is
referred to simply as “a firetube boiler.” Firetube boilers are available for low or high pressure
steam, or for hot water applications, Firetube boilers are typically used for applications ranging
from 15 to 1500 horsepower. A firetube boiler is a cylindrical vessel, with the flame in the
furnace and the combustion gases inside the tubes. The furnace and tubes are within a larger
vessel, which contains the water and steam.

The firetube construction provides some characteristics that differentiate it from other boiler types.
Because of its vessel size, the firetube contains a large amount of water, allowing it to respond to l
changes with minimum variation in steam pressure.

Stream pressure in a firetube boiler is generally limited to approximately 350 psig. To achieve
higher pressure, it would be necessary to use a very thick shell and tube sheet material. For this reason,
a water tube boiler is generally used if pressure above 350 psig desgn is needed.

Firetube boilers are usually built similar to a shell and tube heat exchanger. A large quantity of
tubes results in more heating surface per boiler horsepower, which greatly improves heat transfer and
efficiency.

Firetube boilers are rated in boiler horsepower (BHP), which should not be confused with other
horsepower measurements.

The furnace and the banks of tubes are used to transfer heat to the water. Combustion occurs
within the furnace and the flue gases are routed through the tubes to the stack outlet. Firetube
boilers are available in two, three and four pass designs. A single “pass” is defined as the area where
combustion gases travel the length of the boiler. Generally, boiler efficiencies increase with the
number of passes.

Firetube boilers are available in either dryback or wetback design. In the dryback boiler, a
refractory-lined chamber, outside of the vessel, is used to direct the combustion gases from the
furnace to the tube banks. Easy access to all internal areas of the boiler including tubes, burner,
furnace, and refractory, is available from either end of the boiler. This makes maintenance easier
and reduces associated costs.

The wetback boiler design has a water cooled turn around chamber used to direct the flue gases
from the furnace to the tube banks. The wetback design requires less refractory maintenance; however,
internal pressure vessel maintenance, such as cleaning, is more difficult and costly. In addition, the
wetback design is more prone to water side sludge buildup, because of the restricted flow areas near
the turn around chamber.

By permission of Cleaver Brooks, Milwaukee, Wisconsin
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20.2.0 Hot-Water Boiler (Schematic)

By permission of Bryan Boiler, Peru, Indiana
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20.2.1 Exploded View of Hot-Water Boiler
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20.2.2 Hot-Water Boiler (Parts List)

By permission of Bryan Boilers, Peru, Indiana
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20.3.0 Typical Steam Boiler System

By permission of Cleaver Brooks, Milwaukee, Wisconsin

Heating, Ventilating, and Air Conditioning



580 Section 20

20.4.0 Summary of Federal EPA Rules for Boilers Built/Modified after June 9,1989

By permission of Cleaver Brooks, Milwaukee, Wisconsin
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20.5.0 Boiler Feedback Systems (lllustrated)

By permission of Cleaver Brooks, Milwaukee, Wisconsin
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20.6.0 Typical Firetube Boiler Fuel Consumption for No. 2 and No. 6 Oil

By permission of Cleaver Brooks, Milwaukee, Wisconsin
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20.7.0 Boiler Economizer Features and Schematic

Reduces Fuel Use and Cost:
• Recovers heat from flue gases that would otherwise be wasted.
• Heat is used to raise boiler feedwater temperature prior to entering the boiler.

Load Changes:

• Rapid changes in load demands can be met faster due to higher feedwater temperature.

Emissions:

• Reduced fuel-firing rates for any given steam output means reduced NOx emissions.

ASME Construction:

• Ensures high quality design and manufacturing standards.
• Provides safety and reliability.

High Efficiency Heat Exchanger:

• Provides continuous, high-frequency resistance welding.
• Provides uniform fin-to-tube contact for maximum heat transfer.
• Fin tubing offers up to 12 times the heat exchange surface of bare tubing of the same diameter.

Self-Drainng Design:

• Suitable for outdoor installation.

Low Pressure Drop:

• Provides gas side pressure drops of 0.8" WC or less.
• Permits use of smaller forced draft fans.
• Permits use of existing fans in almost all installations.

Gas Tight Combustion Stack:

• Provides inner casing of carbon steel.
• Provides outer casing of weather resistant, corrugated, galvanized carbon steel.
• Compact dimensions provide for easy installation.

Feedwater Preheating System:

• Controls cold end corrosion through all flow rates.
• Prevents the forming of corrosive acids in the economizer.
• Prevents stack corrosion.

By permission of Cleaver Brooks, Milwaukee, Wisconsin
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20.7.0 Boiler Economizer Features and Schematic (Continued)

By permission of Cleaver Brooks, Milwaukee, Wisconsin
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20.8.0 Boiler Stack Options
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20.8.1 Typical Stack Construction

By permission of Cleaver Brooks, Milwaukee, Wisconsin
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20.8.2 Stack Expansion/Contraction, and Installation Concerns

By permission of Cleaver Brooks, Milwaukee, Wisconsin
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20.9.0 Schematic of a Typical Custom-Built HVAC Unit

Reprinted by permission from Heating/Piping/Air Conditioning magazine, December 1996
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20.10.0 Schematic of Indirect Evaporative Precooling System

Components include:
1. Stand along cooling tower
2. Water pump and piping
3. Water cooling coils
4. Centrifugal separator
5. Chemical treatment system

Reprinted by permission from Heating/Piping/Air Conditioning magazine, December 1996
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20.11.0 Heat-Pump Operation Schematics

By permission of The Trane Company, LaCrosse, Wisconsin
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20.12.0 Air-Cooled Condenser and Subcooling System (lllustrated)

By permission of The Trane Company, LaCrosse, Wisconsin
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20.13.0 Variable Air Volume (VAV) Systems Diagrammed

By permission of The Trane Company, LaCrosse, Wisconsin
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20.13.1 Variable Air Volume (VAV) Diagrams Showing Radiation Heating, Reheat and Fan-
Powered Systems

By permission of The Trane Company, LaCrosse, Wisconsin
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20.14.0 Single- and Two-Pipe Cooling System Diagrams

By permission of The Trane Company, LaCrosse, Wisconsin
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20.15.0 Two-Pipe Reverse Main and Three-Pipe Heating/Cooling Piping Diagrams

By permission of The Trane Company, LaCrosse, Wisconsin
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20.16.0 Four-Pipe Systems with One- and Two-Coil Piping Diagrams

By permission of The Trane Company, LaCrosse, Wisconsin
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20.17.0 Shell and Coil, and Shell and Tube Condensers (lllustrated and Described)

By permission of The Trane Company, LaCrosse, Wisconsin
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20.18.0 Shell and Tube Evaporator (Diagram and Description)

By permission of The Trane Company, LaCrosse, Wisconsin
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20.19.0 Evaporative Condenser (Diagram and Description)

20.20.0 Heating With a Chiller (Diagram and Description)

Freezing water to ice in the ice storage system removes 144 Btu per pound of ice generated by the
chiller. This is why the ice-storage system designed with a heat-recovery loop can also make the
chiller into a water-source heat pump for cold-weather heating.

By permission of The Trane Company, LaCrosse, Wisconsin

By permission of The Trane Company, LaCrosse, Wisconsin
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20.21.0 Typical Evaporative Cooler (Diagram and Description)

A typical evaporative cooler is a metal housing with three sides containing porous material kept
saturated with water. A pump lifts water from the sump in the bottom of the unit and delivers it
to perforated troughs at the top of the unit. The fan draws outside air through the saturated
material and discharges it directly into the conditioned space or into a duct system for distribution
into several rooms. The porous material is generally spun glass fibers, aspen excelsior pads or
tinsel made of copper or aluminum, The discharge line from the pump is usually plastic tubing
although copper tubing or iron pipe are sometimes used. A float valve is normally provided to
replenish the water evaporated into the air passing through the unit.

Generally, this valve is set to waste a fixed amount of water at all times. This ensures there will be
a continual dilution of the natural minerals in the water that are left behind due to evaporation. This
is commonly called “blowdown” and provides protection against a sticking float valve.

Variations in the above design are offered by several manufacturers for applications, primarily in
dry climates with a low design wet bulb temperature.

By permission of The Trane Company, LaCrosse, Wisconsin

20.22.0 Typical FIow Diagram for an Ice-Storage System

It is important to note that while making ice at night, the chiller must cool the water-glycol solution
down to 26 F, rather than producing 44 F water required for conventional air conditioning systems.

This has the net effect of “derating” the nominal chiller capacity by a substantial amount (typically
25–30 percent). The compressor efficiency at this time is only slightly reduced because the lower
nighttime outdoor ambient wet bulb temperatures result in cooler condenser water from the cooling
tower which lowers the condensing temperature to keep the chiller operating efficiently. Similarly,
chillers with air-cooled condensing also benefit from cooler outdoor ambient dry bulb temperatures to
lower the system condensing temperature at night.

The temperature modulating valve in the bypass loop has the added advantage of providing
excellent capacity control. During mild temperature days, typically in the spring and fall, the chiller
will often be capable of providing all the necessary cooling capacity for the building without the use of
cooling capacity from the ice storage system. When the building’s actual cooling load is equal to or less
than the chiller capacity at the time, all of the system coolant will flow through the bypass loop.

It is important that the coolant chosen be an ethylene glycol-based industrial coolant, such as Dowthern
SR-1 or UCAR Thermofluid 17, which is specially formulated for low viscosity and good heat transfer
properties. Either of these fluids contain a multi-component corrosion inhibitor which is effective with
most materials of construction including aluminum, copper, silver solder and plastics. Further, they
contain no anti-leak agents and produce no films to interfere with heat transfer efficiency. They also
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permit use of standard pumps, seals and air handling coils. It should be noted, how- ever, that because of
the slight difference in heat transfer properties between water and the mild glycol solution, the cooling
coil capacities will need to be increased by approximately 5 percent. It is also important that the water
and glycol solution be thoroughly mixed before the solution is placed into the system.

The use of ice storage system technology opens new doors to other economic opportunities in
system design. These offer significant potential for not only first-cost savings but also operating cost
savings that should be evaluated on a life cycle cost basis using a computerized economic analysis
program such as the Trane Air Conditioning Economics (TRACE®) program.

By permission of The Trane Company, LaCrosse, Wisconsin
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20.23.0 Types of Humidifiers (lllustrated and Described)

Reprinted with permission from Heating/Piping/Air Conditioning magazine, December 1996
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20.23.0 Types of Humidifiers (lllustrated and Described) (Continued)

Reprinted with permission from Heating/Piping/Air Conditioning magazine, December 1996

20.24.0 Mechanical Draft Towers (lllustrated and Described)

Mechanical Draft

Mechanical draft towers use either single or multiple fans to prove flow of a known volume of air
through the tower. Thus their thermal performance is considered to be more stable and is affected
by fewer psychometric variables than that of the natural draft atmospheric towers. The presence
of fans also provides a means of regulating air flow to compensate for changing atmospherc and
load conditions through fan capacity modulation of speed and/or cycling.

Mechanical draft towers are categorized as either “induced draft” wherein a fan located in the
exiting air stream draws air through the tower or “forced draft” in which the fan is located in the
ambient air stream entering the tower, and the air is blown through the tower.

Induced Draft

An induced draft cooling tower is provided with a top-mounted fan that induces atmospheric air
to flow up through the tower, as warm water falls downward. An induced draft tower may have
only spray nozzles for water breakup or it may be filled with various slat and deck arrangements.
There are several types of induced draft cooling towers.

In a counterflow induced draft tower, a top-mounted fan induces air to enter the sides of the tower and
flow vertically upward as the water cascades through the tower. The counterflow tower is particularly
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well adapted to a restricted space as the discharge air is directed vertically upward, and the sides
require only a minimum clearance for air intake area. The primary breakup of water may be by either
pressure spray or by gravity from pressure filled fumes.

A doubleflow induced draft tower, has a top-mounted fan to induce air to flow across the fill
material. The air is then turned vertically in the center of the tower. The distinguishing characteristics
of a doubleflow induced draft tower are the two air intakes on opposite sides of the tower and the
horizontal flow of air through the fill sections.

Comparing counterflow and doubleflow induced draft towers of equal capacity, the doubleflow tower
would be somewhat wider but the height would be much less. Cooling towers must be braced against the
wind. From a structural standpoint, therefore, it is much easier to design a doubleflow than a counterflow
tower as the low silhouette of the doubleflow type offers much less resistance to the force of the winds.

Mechanical equipment for counterflow and doubleflow towers is mounted on top of the tower
and is readily accessible for inspection and maintenance. The water distributing systems are completely
open on top of the tower and can be inspected during operation. This makes it possible to adjust the
float valves, and clean stopped-up nozzles while the towers are operating.

The crossflow induced draft tower is a modified version of the doubleflow induced draft tower, The
fan in a crossflow cooling tower draws air through a horizontal opening and discharges the air vertically.

In some situations, an indoor location for the cooling tower may be desirable. An induced draft
tower, of the counterflow or crossflow design, is generally selected for indoor installation. Two
connections to the outside are usually required: one for drawing outdoor air into the tower, and the
other for discharging it back to the outside. A centrifugal blower is often necessary for this application
to overcome the static pressure of the ductwork. Many options are possible as to point of air entrance
and air discharge. This flexibility is often important in designing an indoor installation. Primary water
breakup is by pressure spray and fill of various types.

An indoor installation of an induced draft counterflow cooling tower is shown. In this particular
case, air required for operation of the tower is being taken from the basement. As the cooling tower fan
is therefore exhausting air from the building, the quantity of air exhausted must be included in sizing
the outside air intake for the air conditioning system.

The induced draft cooling tower, for indoor installation, is usually a completely assembled packaged
unit; but is so designed that it can be partially disassembled to permit passage through limited entrances.
Indoor installations of cooling towers are becoming more popular. External space restrictions,
architectural compatibility (including aesthetics), convenience for observation, diagnostics and
maintenance all combine to favor an indoor location. The installation cost is somewhat higher than an
outdoor location. Packaged towers are generally available in capacities to serve the cooling requirements
of refrigeration plants in the 5 to 100 ton range.

By permission of The Trane Company, LaCrosse, Wisconsin
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20.24.0 Mechanical Draft Towers (lllustrated and Described) (Continued)

By permission of The Trane Company, LaCrosse, Wisconsin
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20.25.0 Equivalent Rectangular Duct Dimension Tables

By permission of American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
Atlanta, Georgia, from their 1993 ASHRAE Fundamentals Handbook
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20.25.0 Equivalent Rectangular Duct Dimension Tables (Continued)

By permission of American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
Atlanta, Georgia, from their 1993 ASHRAE Fundamentals Handbook
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20.25.0 Equivalent Rectangular Duct Dimension Tables (Continued)

By permission of American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
Atlanta, Georgia, from their 1993 ASHRAE Fundamentals Handbook

20.25.1 Equivalent Spiral, Flat, Oval Duct Dimensions

By permission of American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
Atlanta, Georgia, from their 1993 ASHRAE Fundamentals Handbook
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20.26.0 Typical Fan Configurations

By permission of The Trane Company, La Crosse, Wisconsin
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20.27.0 Rate of Heat Gain from Selected Office Equipment

By permission of American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
Atlanta, Georgia, from their 1993 ASHRAE Fundamentals Handbook
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20.28.0 Thermal Properties of Common Building Materials

By permission of American Society of Heating, Refrigerating and Air-Conditioning Engineers,
Inc. Atlanta, Georgia, from their 1993 ASHRAE Fundamentals Handbook
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20.28.0 Thermal Properties of Common Building Materials (Continued)

By permission of American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
Atlanta, Georgia, from their 1993 ASHRAE Fundamentals Handbook

Heating, Ventilating, and Air Conditioning



Heating, Ventilating and Air Conditioning 613

20.28.0 Thermal Properties of Common Building Materials (Continued)

By permission of American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
Atlanta, Georgia, from their 1993 ASHRAE Fundamentals Handbook
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21.0.0 Common electrical terminology
21.1.0 Conductor properties (AWG size 18 to

2000)
21.2.0 Maximum number of conductors in

trade sizes of conduit or tubing THWN,
THHN standard conductors

21.3.0 Percent of cross-section of conduit and
tubing for conductors

21.4.0 Maximum number of concentric
stranded conductors in trade sizes of
conduit or tubing (RHW and RHH
conductors with outer covering)

21.5.0 Dimensions of rubber and thermo
plastic-covered conductors

21.6.0 Maximum number of conductors in
trade sizes of conduit or tubing for TW,
XHHW, RHW conductors

21.7.0 Maximum number of fixture wires in
trade sizes of conduit or tubing

21.8.0 Conductor size increases from copper to
aluminum

21.9.0 Minimum radii bends in conduit
21.10.0 Aluminum building wire nominal

dimensions
21.11.0 Expansion characteristics of PVC rigid

nonmetallic conduit
21.12.0 Maximum number of compact

conductors in conduit or tubing
21.13.0 Maximum rating of motor-branch circuit,

short-circuit, and ground-fault protection
devices

21.14.0 Maximum number of conductors
allowed in metal boxes

21.15.0 Electrical duct bank sizes for one to nine
ducts

21.16.0 Minimum cover requirements for 0 to
600-volt conductors

21.17.0 Demand loads for various types of
residential electrical appliances

21.18.0 General lighting loads by occupancy
21.19.0 Selection of overcurrent protection and

switching devices
21.20.0 Size of equipment and raceway

grounding conductors for 15– to 400amp
overcurrent devices

21.21.0 Enclosures for nonhazardous locations
(NEMA designations)

21.22.0 Ericlosures for hazardous locations
(NEMA designations)

21.23.0 Motor-controller enclosure types (indoor
and outdoor use)

21.24.0 Voltage-drop tables for 6- and 12-volt
equipment

21.25.0 Seismic restraints and bracing
21.26.0 Full load current (in amperes) for

single-phase, two-phase, three-phase, and
direct-current motors
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21.0.0 Common Electrical Terminology
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21.1.0 Conductor Properties (AWG Size 18 to 2000)
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21.2.0 Maximum Number of Conductors in Trade Sizes of Conduit or Tubing THWN, THHN
Standard Conductors

21.3.0 Percent of Cross-Section of Conduit and Tubing for Conductors
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21.4.0 Maximum Number of Concentric Stranded Conductors in Trade Sizes of Conduit or
Tubing (RHW and RHH Conductors with Outer Covering)

21.5.0 Dimensions of Rubber- and Thermoplastic-Covered Conductors
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21.6.0 Maximum Number of Conductors in Trade Sizes of Conduit or Tubing for TW, XHHW,
RHW Conductors

21.7.0 Maximum Number of Fixture Wires in Trade Sizes of Conduit or Tubing
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21.8.0 Conductor Size Increases From Copper to Aluminum

When substituting aluminum, increase the sizes of conductors in accordance with the following
table:

21.9.0 Minimum Radii Bends in Conduit
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21.10.0 Aluminum Building Wire Nominal Dimensions
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21.11.0 Expansion Characterisics of PVC Rigid Nonmetallic Conduit

Electrical



624 Section 21

21.12.0 MaximumNumber of Compact Conductors in Conduit or Tubing
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21.13.0 Maximum Rating of Motor-Branch Circuit, Short-Circuit, and Ground-Fault Protection
Devices
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21.14.0 Maximum Number of Conductors Allowed in Metal Boxes

The maximum number of conductors permitted shall be computed using the volume per conductor
listed in the table, with the deductions provided for, and these volume deductions shall be based
on the largest conductor entering the box. Boxes described in the table have a larger cubic inch
capacity than is designated in the table shall be permitted to have their cubic inch capacity
marked as required by this section and the maximum number of conductors permitted shall be
computed using the volume per conductor listed.
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21.15.0 Electrical Duct Bank Sizes for One to Nine Ducts
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21.16.0 Minimum Cover Requirements for 0 to 600-Volt Conductors
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21.17.0 Demand Loads for Various Types of Residential Electrical Appliances

Where two or more single-phase ranges are supplied by a three-phase, 4-wire feeder, the total load
shall be computed on the basis of twice the maximum number connected between any two phases.
kVA shall be considered equivalent to kW for loads computed under this section.

Reprinted with permission from NFPA 70–1996, the National Electrical Code® National Fire Protection Association,
Quincy, Massachusetts. National Electrical Code® and NEC® are registered trademarks of the National Fire Protection
Association,Inc., Quincy, MA 02269
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21.18.0 General Lighting Loads by Occupancy*

Reprinted with permission from NFPA 70–1996, the National
Electrical Code® National Fire Protection Association, Quincy,

Massachusetts. National Electrical Code® and NEC® are
registered trademarks of the National Fire Protection

Association, Inc., Quincy, MA 02269.
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21.19.0 Selection of Overcurrent Protection and Switching Devices
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21.20.0 Size of Equipment and Raceway Grounding Conductors for 15- to 400-Amp
Overcurrent Devices
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21.21.0 Enclosures for Nonhazardous Locations (NEMA Designations)
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21.22.0 Enclosures for Hazardous Locations (NEMA Designations)
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21.23.0 Motor-Controller Enclosure Types (Indoor and Outdoor Use)

The table provides the basis for selecting enclosures for use in specific nonhazardous locations.
The enclosures are not intended to protect against conditions such as condensation, icing, corrosion
or contamination which may occur within the enclosure or enter via the conduit or unsealed
openings. These internal conditions require special consideration by the installer and/or user.
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21.24.0 Voltage-Drop Tables for 6- and 12-Volt Equipment
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21.25.0 Seismic Restraints and Bracing
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21.26.0 Full Load Current (In Amperes) for Single-Phase, Two-Phase, Three-Phase, and
DirectCurrent Motors

Full-Load Currents (in Amperes) for Single-Phase Alternating-Current Motors

The following values of full-load currents are for motors running at usual speeds and motors
with normal torque characteristics. Motors built for especially low speeds or high torques may
have higher full-load currents, and multispeed motors will have full-load current varying with
speed, in which case the nameplate current ratings shall be used.

Reprinted with permission from NFPA 70–1996, the National
Electrical Code® National Fire Protection Association, Quincy,

Massachusetts. National Electrical Code® and NEC® are
registered trademarks of the National Fire Protection Association,

Inc., Quincy, MA 02269.
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21.26.0 Full Load Current (In Amperes) for Single-Phase, Two-Phase, Three-Phase, and
DirectCurrent Motors (Continued)

Reprinted with permission from NFPA 70–1996, the National
Electrical Code® National Fire Protection Association, Quincy,

Massachusetts. National Electrical Code® and NEC® are
registered trademarks of the National Fire Protection

Association, Inc., Quincy, MA 02269.
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21.26.0 Full Load Current (In Amperes) for Single-Phase, Two-Phase, Three-Phase, and
DirectCurrent Motors (Continued)

Full-Load Currents (in Amperes) for Direct-Current Motors

The following values of full-load currents* are for motors running at base speed.

Reprinted with permission from NFPA 70–1996, the National
Electrical Code® National Fire Protection Association, Quincy,

Massachusetts. National Electrical Code® and NEC® are registered
trademarks of the National Fire Protection Association, Inc., Quincy,

MA 02269.
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Full-Load Current for Two-Phase Alternating-Current Motors (4-Wire)

The following values of full-load current are for motors running at speeds usual for belted motors and
motors with normal torque characteristics. Motors built for especially low speeds or high torques may
require more running current, and multispeed motors will have full-load current varying with speed,
in which case the nameplate current rating shall be used. Current in the common conductor of a 2-
phase, 3-wire system will be 1.41 times the value given.

The voltages listed are rated motor voltages. The currents listed shall be permitted for system
voltage ranges of 110 to 120, 220 to 240, 440 to 480, and 550 to 600 volts.

21.26.0 Full Load Current (In Amperes) for Single-Phase, Two-Phase, Three-Phase, and
Direct-Current Motors (Continued)

Reprinted with permission from NFPA 70–1996, the National
Electrical Code® National Fire Protection Association, Quincy,

Massachusetts. National Electrical Code® and NEC® are registered
trademarks of the National Fire Protection Association, Inc.,

Quincy, MA 02269.
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22.0.0 Introduction to the 1975 Metric Conversion Act

As the federal government moves to convert the inch-pound units to the metric system, in
accordance with the 1975 Metric Conversion Act, various parts of the construction industry will
begin the conversion to this more universal method of measurement.

Metric units are often referred to as SI units, an abbreviation taken from the French Le Système
International d’Unités. Another abbreviation that will be seen with more frequency is ISO—the
International Standards Organization charged with supervising the establishment of a universal standards
system. For everyday transactions it may be sufficient to gain only the basics of the metric system.

The Celsius temperature scale is used. Instead of referring to its measurement as degree centigrade, the
term degree Celsius is the correct designation. Using this term, familiar points are:

• Water freezes at 0 degrees
• Water boils at 100 degrees
• Normal body temperature is 37 degrees (98.6 F)
• Comfortable room temperature 20 to 35 (68 to 77 F)

22.1.0 What Will Change and What Will Stay The Same?

Metric Module and Grid

What will change

• The basic building module, from 4 inches to 100 mm.
• The planning grid, from 2'×2' to 600×600 mm.

What will stay the same

• A module and grid based on rounded, easy-to-use dimensions. The 100 mm module is the
global standard.

Drawings

What will change

• Units, from feet and inches to millimeters for all building dimensions and to meters for site
plans and civil engineering drawings. Unit designations are unnecessary: if there’s no decimal
point, it’s millimeters; if there’s a decimal point carried to one, two, or three places, it’s
meters. In accordance with ASTM E621, centimeters are not used in construction because

Metrification
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(1) they are not consistent with the preferred use of multiples of 1000, (2) the order of
magnitude between a millimeter and centimeter is only 10 and the use of both units would
lead to confusion and require the use of unit designations, and (3) the millimeter is small
enough to almost entirely eliminate decimal fractions from construction documents.

• Drawing scales, from inch-fractions-to-feet to true ratios. Preferred metric scales are:
1:1 (full size)
1:5 (close to 3"=1'–0")
1:10 (between 1"= 1'–0" and 1½"=1'–0")
1:20 (between ½=1'–0" and ¾"=1'–0")
1:50(close to ¼"=1'–0")
1:100 (close to 1/8"=1'–0")
1:200 (close to 1/16"=1'–0")
1:500 (close to 1"=40'–0")
1:1000 (close to 1"=80'–0")

As a means of comparison, inch-fraction scales may be converted to true ratios by multiplying a
scale’s divisor by 12; for example, for ¼"=1'–0", multiply the 4 by 12 for a true ratio of 1:48.

• Drawing sizes, to ISO “A” series:

A0 (1189×841 mm, 46.8×33.1 inches)
A1 (841×594 mm, 33.1×23.4 inches)
A2 (594×420 mm, 23.4×16.5 inches)
A3 (420×297 mm, 16.5×11.7 inches)
A4 (297×210 mm, 11.7×8.3 inches)

Of course, metric drawings can be made on any size paper.

What will stay the same.

• Drawing contents

Never use dual units (both inch-pound and metric) on drawings. It increases dimensioning time,
doubles the chance for errors, makes drawings more confusing, and only postpones the learning
process. An exception is for construction documents meant to be viewed by the general public.

Specifications

What will change

• Units of measure, from feet and inches to millimeters for linear dimensions, from square feet
to square meters for area, from cubic yards to cubic meters for volume (except use liters for
fluid volumes), and from other inch-pound measures to metric measures as appropriate.

What will stay the same

• Everything else in the specifications

Do not use dual units in specifications except when the use of an inch-pound measure serves to
clarify an otherwise unfamiliar metric measure; then place the inch-pound unit in parentheses after the
metric. For example, “7.5 kW (10 horsepower) motor.” All unit conversions should be checked by a
professional to ensure that rounding does not exceed allowable tolerances.

For more information, see the July–August 1994 issue of Metric in Construction.

Floor Loads

What will change
• Floor load designations, from “psf” to kilograms per square meter (kg/m2) for everyday use

and kilonewtons per square meter (kN/m2) for structural calculations.
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What will stay the same

• Floor load requirements

Kilograms per square meter often are used to designate floor loads because many live and dead
loads (furniture, filing cabinets, construction materials, etc.) are measured in kilograms. However,
kilonewtons per square meter or their equivalent, kilopascals, are the proper measure and should
be used in structural calculations.

Construction Products

What will change

• Modular products: brick, block, drywall, plywood, suspended ceiling systems, and raised
floor systems. They will undergo “hard” conversion; that is, their dimensions will change to
fit the 100 mm module.

• Products that are custom-fabricated or formed for each job (for example, cabinets, stairs,
handrails, ductwork, commercial doors and windows, structural steel systems, and concrete
work). Such products usually can be made in any size, inch-pound or metric, with equal
ease; therefore, for metric jobs, they simply will be fabricated or formed in metric.

What will stay the same

• All other products, since they are cut-to-fit at the jobsite (for example, framing lumber,
woodwork, siding, wiring, piping, and roofing) or are not dimensionally sensitive (for example,
fasteners, hardware, electrical components, plumbing fixtures, and HVAC equipment). Such
products will just be “soft” converted—that is, relabeled in metric units. A 2¾"×4½" wall
switch face plate will be relabeled 70×115 mm and a 30 gallon tank, 114 L. Manufacturers
eventually may convert the physical dimensions of many of these products to new rational
“hard” metric sizes but only when it becomes convenient for them to do so.

“2-By-4” Studs and Other “2-By” Framing (Both Wood and Metal)

What will change

• Spacing, from 16" to 400 mm, and 24" to 600 mm.

What will stay the same

• Everything else.

“2-bys” are produced in “soft” fractional inch dimensions so there is no need to convert them to
new rounded “hard” metric dimensions. 2-by-4s may keep their traditional name or perhaps they’ll
eventually be renamed 50 by 100 (mm), or, more exactly, 38×89.

Drywall, Plywood, and Other Sheet Goods

What will change

• Widths, from 4'–0" to 1200 mm.
• Heights, from 8'–0" to 2400 mm, 10'–0" to 3000 mm.

What will stay the same

• Thicknesses, so fire, acoustic, and thermal ratings won’t have to be recalculated.

Metric drywall and plywood are readily available but may require longer lead times for
ordering and may cost more in small amounts until their use becomes more common.
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Batt Insulation

What will change

• Nominal width labels, from 16" to 16"/400 mm and 24" to 24"/600 mm.

What will stay the same

• Everything else.

Batts will not change in width; they’ll just have a tighter “friction fit” when installed between
metric-spaced framing members.

Doors

What will change

• Height, from 6'–8" to 2050 mm or 2100 mm and from 7'–0" to 2100 mm.
• Width, from 2'–6" to 750 mm, from 2'–8" to 800 mm, from 2'–10" to 850 mm, from 3'–0" to

900 mm or 950 mm, and from 3'–4" to 1000 mm.

What will stay the same

• Door thicknesses.
• Door materials and hardware.

For commercial work, doors and door frames can be ordered in any size since they normally
are custom-fabricated.

Ceiling Systems

What will change

• Grids and lay-in ceiling tile, air diffusers and recessed lighting fixtures, from 2'×2' to 600×600
mm and from 2'×4' to 600×1200 mm.

What will stay the same

• Grid profiles, tile thicknesses, air diffuser capacities, florescent tubes, and means of suspension.

On federal building projects, metric recessed lighting fixtures may be specified if their total
installed costs are estimated to be no more than for inch-pound fixtures.

Raised Floor Systems

What will change

• Grids and lay-in floor tile, from 2'×2' to 600×600 mm,

What will stay the same

• Grid profiles, tile thicknesses, and means of support.

HVAC Controls

What will change

• Temperature units, from Fahrenheit to Celsius.
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What will stay the same

• All other parts of the controls.

Controls are now digital so temperature conversions can be made with no difficulty.

Brick

What will change

• Standard brick, to 90×57×190 mm.
• Mortar joints, from 3/8" and 1/2" to 10 mm.
• Brick module, from 2'×2' to 600×600 mm.

What will stay the same

• Brick and mortar composition.

Of the 100 or so brick sizes currently made, 5 to 10 are within a millimeter of a metric brick
so the brick industry will have no trouble supplying metric brick.

For more information, see the March–April 1995 issue of Metric in Construction,

Concrete Block

What will change

• Block sizes, to 190×190×390 mm.
• Mortar joints, from 1/2" to 10 mm.
• Block module, from 2'×2' to 600×600 mm.

What will stay the same

• Block and mortar composition.

On federal building projects, metric block may be specified if its total installed cost is estimated
to be no more than for inch-pound block. The Construction Metrication Council recommends
that, wherever possible, block walls be designed and specified in a manner that permits the use
of either inch-pound or metric block, allowing the final decision to be made by the contractor.

Sheet Metal

What will change

• Designation, from “gage” to millimeters.

What will stay the same

• Thickness, which will be soft-converted to tenths of a millimeter.

In specifications, use millimeters only or millimeters with the gage in parentheses.

Concrete

What will change

• Strength designations, from “psi” to megapascals, rounded to the nearest 5 megapascals per
ACI 318M as follows:
2500 psi to 20 MPa
3000 psi to 25 MPa
3500 psi to 25 MPa
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4000 psi to 30 MPa
4500 psi to 35 MPa
5000 psi to 35 MPa

Depending on exact usage, however, the above metric conversions may be more exact than those
indicated.

What will stay the same

• Everything else.

For more information, see the November–December 1994 issue of Metric in Construction.

Rebar

What will change

• Rebar will not change in size but will be renamed per ASTM A615M–96a and ASTM A706M–96a
as follows:

No. 3 to No. 10      No. 9 to No. 29
No. 4 to No. 13      No. 10 to No. 32
No. 5 to No. 16      No. 11 to No, 36
No. 6 to No. 19      No. 14 to No. 43
No. 7 to No. 22      No. 18 to No. 57
No. 8 to No. 25

What will stay the same

• Everything else.

For more information, see the July–August 1996 issue of Metric in Construction.

Glass

What will change

• Cut sheet dimensions, from feet and inches to millimeters.

What will stay the same

• Sheet thickness; sheet glass can be rolled to any dimension and often is rolled in millimeters now.

See ASTM C1036.

Pipe and Fittings

What will change

• Nominal pipe and fitting designations, from inches to millimeters

What will stay the same

• Pipe and fitting cross sections and threads.

Pipes and fittings are produced in “soft” decimal inch dimensions but are identified in nominal
inch sizes a matter of convenience. A 2-inch pipe has neither an inside nor an outside diameter of 2
inches, a 1-inch fitting has no exact 1-inch dimension, and a ½-inch sprinkler head contains no ½-inch
dimension anywhere; consequently, there is no need to “hard” convert pipes and fittings to rounded
metric dimensions. Instead, they will not change size but simply be relabeled in metric as follows:

1/8"=6 mm       1 ½"=40 mm
3/16"=7 mm     2"=50 mm
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For more information, see the September–October 1993 issue of Metric in Construction,

Electrical Conduit

What will change

• Nominal conduit designations, from inches to millimeters.

What will stay the same

• Conduit cross sections.

Electrical conduit is similar to piping: it is produced in “soft” decimal inch dimensions but is
identified in nominal inch sizes. Neither metallic nor nometallic conduit will change size; they
will be relabeled in metric units as follows:

½=16 (mm)     2 ½=63 (mm)
¾"=21 (mm)     3"=78 (mm)
1"= 27 (mm)     3 ½"=91 (mm)
1 ¼"=35 (mm)   4"=103 (mm)
1 ½"= 41 (mm)  5"=129 (mm)
2"=53 (mm)     6"=155 (mm)

These new metric names were assigned by the National Electrical Manufacturers Association.

Electrical Wire

What will change

• Nothing at this time.

What will stay the same

• Existing American Wire Gage (AWG) sizes.

Structural Steel

What will change

• Section designations, from inches to millimeters and from pounds per foot to kilograms per
meter, in accordance with ASTM A6M.

• Bolts—to metric diameters and threads per ASTM A325M and A490M.

What will stay the same

• Cross sections.

Like pipe and conduit, steel sections are produced in “soft” decimal inch dimensions (with
actual depths varying by weight) but are named in rounded inch dimensions so there is no need
to “hard” convert them to metric units. Rather, their names will be changed to metric designations,
and rounded to the nearest 10 mm, Thus, a 10–inch section is relabeled as a 250–mm section
and a 24–inch section is relabeled as a 610–mm section.

¼"=8 mm     2 ½"=65 mm
3/8"=10 mm     3"=75 mm
½"=15 mm     3 ½"=90 mm
5/8"=18 mm     4"=100 mm
¾"=20 mm     4 ½"=115 mm
1"= 25 mm     1"=25 mm for all larger sizes
1 ¼"=32 mm
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22.2.0 How Metric Units Will Apply in the Construction Industry
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22.3.0 Metricification of Pipe Sizes

Pipe diameter sizes can be confusing because their designated size does not correspond to their
actual size. For instance, a 2-inch steel pipe has an inside diameter of approximately 2 1/8 inches
and an outside diameter of about 2 5/8 inches,

The 2 inch designation is very similar to the 2"×4" designation for wood studs, neither dimensions
are “actual”, but they are a convenient way to describe these items.

Pipe sizes are identified as NPS (nominal pipe size) and their conversion to metric would conform to
ISO (International Standards Organization) criteria and are referred to as DN (diameter nominal). These
designations would apply to all plumbing, mechanical, drainage, and miscellaneous pipe commonly
used in civil works projects.
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22.4.0 Metrification of Standard Lumber Sizes

Metric units: ASTM Standard E 380 was used as the authoritative standard in developing the
metric dimensions in this standard. Metric dimensions are calculated at 25.4 millimeters (mm)
times the actual dimension in inches. The nearest mm is significant for dimensions greater than
1/8 inch, and the nearest 0.1 mm is significant for dimensions equal to or less than 1/8 inch.

The rounding rule for dimensions greater than 1/8 inch: If the digit in the tenths of mm position
(the digit after the decimal point) is less than 5, drop all fractional mm digits; if it is greater than 5 or
if it is 5 followed by at least one nonzero digit, round one mm higher; if 5 followed by only zeroes,
retain the digit in the unit position (the digit before the decimal point) if it is even or increase it one mm
if it is odd.

The rounding rule for dimensions equal to or less than 1/8 inch: If the digit in the hundredths of
mm position (the second digit after the decimal point) is less than 5, drop all digits to the right of the
tenth position; if greater than or it is 5 followed by at least one nonzero digit, round one-tenth mm
higher; if 5 followed by only zeros, retain the digit in the tenths position if it is even or increase it one-
tenth mm if it is odd.

In case of a dispute on size measurements, the conventional (inch) method of measurement shall
take precedence.

22.5.0 Metric Rebar Conversions
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22.6.0 Metric Conversion of ASTM Diameter and Wall Thickness Designations
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22.7.0 Metric Conversion Scales (Temperature and Measurements)
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22.8.0 Approximate Metric Conversions

U.S. Department of Commerce Technology Administration, Office of Metric Programs, Washington, DC 20230
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22.8.0 Approximate Metric Conversion (Continued)

United States Department of Commerce, Technology Administration,
National Institute of Standards and Technology, Metric Program, Gaithersburg, MD 20899
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22.9.0 Quick Imperial (Metric Equivalents)
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22.10.0 Metric Conversion Factors
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23.0.0 Nails: Penny Designation (“d”) and Lengths (U.S. and Metric)

23.1.0 Stainless Steel Sheets (Thicknesses and Weights)

Useful Tables, Charts, and Formulas
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23.2.0 Comparable Thicknesses and Weights of Stainless Steel, Aluminum, and Copper

Useful Tables, Charts, and Formulas



664 Section 23

23.3.0 Wire and Sheet-Metal Gauges and Weights

Useful Tables, Charts, and Formulas
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23.4.0 Weights and Specific Gravities of Common Materials

Useful Tables, Charts, and Formulas
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23.4.0 Weights and Specific Gravities of Common Materials (Continued)

Useful Tables, Charts, and Formulas
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23.5.0 Useful Formulas

Circumference of a circle=�×diameter or 3.1416×diameter
Diameter of a circle=circumference×0.31831
Area of a square=length×width
Area of a rectangle=length×width
Area of a parallelogram=base×perpendicular height
Area of a triangle=½ base×perpendicular weight
Area of a circle=� radius squared or diameter squared×0.7854
Area of an ellipse=length×width×0.7854
Volume of a cube or rectangular prism=length×width×height
Volume of a triangular prism=area of triangle×length
Volume of a sphere=diameter cubed×0.5236 (diameter×diameter×diameter×0.5236)
Volume of a cone=�×radius squared×1/3 height
Volume of a cylinder=�×radius squared×height
Length of one side of a square×1.128=diameter of an equal circle
Doubling the diameter of a pipe or cylinder increases its capacity 4 times
Pressure (in lb/sq in.) of a column of water=height of the column (in feet)×0.434
Capacity of a pipe or tank (in U.S. gallons)=diameter squared (in inches)×length (in inches)×0.0034
1 gal water=8 1/3 lb=231 cu in.
1 cu ft water=62 ½ lb=7 ½ gal.

23.6.0 Decimal Equivalents of Inches in Feet and Yards

Useful Tables, Charts, and Formulas
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23.7.0 Conversion of Fractions to Decimals

By permission of Cast Iron Soil Pipe Institute

Useful Tables, Charts, and Formulas
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23.7.1 Decimals of a Foot for Each 1/32"

Useful Tables, Charts, and Formulas
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23.7.2 Decimals of an Inch for each 1/64", with Millimeter Equivalents

Useful Tables, Charts, and Formulas
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23.8.0 Solutions of the Right Triangle

By permission of Cast Iron Soil Pipe Institute

Useful Tables, Charts, and Formulas
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23.9.0 Area and Other Formulas

Parallelogram Area=base×distance between the two parallel sides
Pyramid Area=½ perimeter of base×slant height+area of base

Volume=area of base×1/3 of the altitude
Rectangle Area=length×width
Rectangular prisms Volume=width×height×length
Sphere Area of surface=diameter×diameter×3.1416

Side of inscribed cube=radius×1.547
Volume=diameter×diameter×diameter×0.5236

Square Area=length×width
Triangle Area=one half of height times base
Trapezoid Area=one half of the sum of the parallel sides×height
Cone Area of surface=one half of circumference of base×slant height+area

of base
Volume=diameter×diameter×0.7854×one third of the altitude

Cube Volume=width×height×length
Ellipse Area=short diameter×long diameter×0.7854
Cylinder Area of surface=diameter×3.1416×length+area of the two bases

Area of base=diameter×diameter×0.7854
Area of base=volume+length
Length=volume+area of base
Volume=length×area of base
Capacity in gallons=volume in inches+231
Capacity of gallons=diameter×diameter×length×0.0034
Capacity in gallons=volume in feet×7.48

Circle Circumference=diameter×3.1416
Circumference=radius×6.2832
Diameter=radius×2
Diameter=square root of=(area+0.7854)
Diameter=square root of area×1.1283

Useful Tables, Charts, and Formulas
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23.10.0 Volume of Vertical Cylindrical Tanks (in Gallons Per Foot of Depth)

By permission of Cast Iron Soil Pipe Institute

Useful Tables, Charts, and Formulas
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23.11.0 Volume of Rectangular Tank Capacities (in U.S. Gallons Per Foot of Depth)

By permission of Cast Iron Soil Pipe Institute

Useful Tables, Charts, and Formulas



Useful Tables-Charts-Formulas 675

23.12.0 Capacity of Horizontal Cylindrical Tanks

By permission of Cast Iron Soil Pipe Institute
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23.13.0 Round-Tapered Tank Capacities

If inches are used.

If feet are used.

Sample Problem

Let d be 12" (2 ft.)
D be 36" (3 ft.)
h be 48" (4 ft.)

Find volume in gallons.

Where dimensions are in inches

Where dimensions are in feet

By permission of Cast Iron Soil Pipe Institute
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23.14.0 Circumferences and Areas of Circles

By permission of Cast Iron from Soil Pipe Institute
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23.14.0 Circumferences and Areas of Circles (Continued)

By permission of Cast Iron from Soil Pipe Institute
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