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FOREWORD

The preliminary draft of this handbook was prepared by InterTechnology/Solar
Corporation for the NASA Lewis Research Center under Contract DEN 3-33.

This draft was subsequently reorganized, revised, and expanded at the Center.
In addition, an evaluation envoiving expansion and critical analysis of the
tables and other portions of the handbook was performed by Cleveland State
University under NASA Cooperative Agreement NCC 3-16. G. C. Chang and

M. H. E11ini of Cleveland State University participated in the verification,
review and analysis check of critical portions of the handbook. The final
editing was then conducted by NASA Lewis Research Center personnel.
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1.0 INTRODUCTION

This Array Structure Design Handbook for Stand Alone Photovolitaic
Applications is a self-contained reference manual written for nonstructural
engineers. The handbook is written in the format of an engineering guide
and contains information sufficient to enable engineers unfamiliar with
photovoltaic systems to design low-cost array structures for a variety of
terrestrial photovoltaic applications.

The scope of the handbook is described below:

A. Array Size

The handbook is written to facilitate design of photovoltaic arrays of up to
10 kilowatt peak output power (kWp). The design principles incorporated in
this handbook, however, may be used to design and construct dedicated
triangular frame arrays larger than 10 kWp, if so cesired.

B. Structural Types

The handbook covers dedicated and portable triangular framing and
pole-mounted systems. (See Figures 11, 12, ana 13.)

C. Structural Materials

The major structural materials covered in this handbook are: structural
steel (A-36), aluminum (6060-T6), and cold-formed steel. Users should
consult Section 4.6.

D. Structural Section Sizes

A11 designs discussed in this handbook are for standard U.S. section sizes.
The dimensions of the standard American sections are given in English units
only.

E. Location of Application

The directions given in this handbook can be applied anywhere in the world.
For applications outside the United States, however, additional data may
have to be secured from other sources, particularly for site specific wind
loads, frost penetration data, and local building codes.

F. Module Type

The instructions given in this handbook can be applied to any commercially
available solar cell module.

G. Units Used

The primary system of units used throughout the handbook is the
International System of Units (SI Units). For the most part, English Units
were used initially in developing the material for the handbook, then
subsequently converted to SI Units for presentation in the handbook. 1In
order to enhance communication and utility of the handbook, English Units



are also given either parenthetically following the SI Units (text and
figures) or as separate columns (in the tables). An exception was made,
however, for some of the tables and figures and the references which were
extracted directly from reference sources. In these cases, the units
utilized in the source publications are retained.

H. Terminology Used

In order to clarify terminology used throughout the handbook which is unique
to photovoltaic arrays the user should become familiar with several
important terms and definitions. These are as follows:

Solar Cell: The basic photovoltaic device which generates electricity when
exposed to sunlight.

Module: The smallest complete, environmentally protected assembly of solar
cells and other components (including electrical connectors) designed to
generate d.c. power when under unconcentrated terrestrial sunlight.

Array: A mechanically integrated assembly of modules together with support
structure (including foundations) and other components, as required, to form
a free-standing field-installed unit that produces dc power.

I. Handbook Format

This handbook is divided into four primary sections as follows:

2.0 KEY TO THE MANUAL

3.0 CHARACTERISTICS OF PHOTOVOLTAIC ARRAY STRUCTURES
4.0 ARRAY STRUCTURE DESIGN

5.0 ARRAY/STRUCTURAL DESIGN EXAMPLE PROBLEMS

The KEY TO THE MANUAL (Section 2.0) gives the engineer a step-by-step
methodology on how to use the handbook to design a complete structural array
system.

Section 3.0 discusses the characteristics of array structures, including
module characteristics, array structural characteristics, electrical and
mechanical interfaces, safety considerations, and array layout and
structural arrangements.

Section 4.0 explains the design factors for photovoltaic array systems,
including: general design philosophy; building codes; loading and
environmental factors; types of generic structures covered; the basic design
methodology used; materials selection; design of triangular framing and
pole-mounted structural systems, including design procedures, material
properties and specifications, design figures, and design tables;
installation and maintenance; and costing.

Section 5.0 includes several array/structural design examples making use of
the material presented in Sections 2.0, 3.0, and 4.0.

Also included in the handbook are a GLOSSARY (Section 6.0) which includes a .
Tist of definitions and conversions; REFERENCES (Section 7.0) which include



additional design sources, lists of manufacturers, and extracts from
auxiliary design references; and APPENDICES (Section 8.0) which contain
other relevant auxiliary information.

2.0 KEY TO THE MANUAL

This handbook will prove to be an easy-to-use reference source for the
architect or engineer who follows the step-by-step procedure given below for
designing a structural system for photovoltaic arrays. The procedure
consists of eleven basic steps illustrated in the flow diagram in Figure 1
and as described in detail below. The order of the steps listed below may
vary slightly for applications outside the scope of the handbook. As one
example, when generic structural systems in addition to the triangular frame
or pole-mounted system are being considered, Step 3 would generally be
finalized after Steps 4 and 5.

A. Step l--Gather Preliminary Data

(a) With reference to the array site, compile the following information:

(1) Latitude

(2) Longitude

(3) Yearly weather conditions, particularly wind, rain and humidity,
snow, hail, ice, temperature ranges and pollution levels.

(4) S?ze, shape and topography of field on which the array is to be
placed

(5) Shading from nearby structures or trees

(6) Location of existing underground electrical and water lines

(7) Soil sample (optional)

(b) Determine the array size. It is outside the scope of this handbook to
discuss photovoltaic system design or array sizing techniques, therefore,
other sources will need to be consulted in order to specify the specific
voltage, current and power requirements and optimum tilt angle for the array.

(c) Consult Section 4.1 for the philosophy of structural design.

B. Step 2--Consult the Zoning and Building Codes

Turn to Section 4.2 for reference on zoning and building codes. There are
no codes written expressly for photovoltaic arrays, but codes for other
structures may be applied.

C. Step 3--Select a Generic Structure

Go to Section 3.3 for the basic support requirements for the module. Then,
turn to-Section 4.5 to select a generic structure which could be either a
dedicated or portable triangular framing system, or a pole-mounted system.
Section 4.5 contains the basic design theory for triangular frame structures.

D. Step 4--Choose the Module Type

Choose a module type and determine the number of modules and their
arrangement in series and parallel groupings. Turn to Sections 3.1 and 3.2



1. Gather Preliminary Data

2. Consult Zoning and Building Codes

3. Select Generic Structure

4. Choose Module

5. Determine Array Layout

6. Calculate Design Loads

7. Select Structural Materials

8. Calculate Member Sizes and Connection Details

9. Choose Electrical Connection System

10. Draw up Installation and Maintenance Plan for the Array

11. Perform Cost Analysis

Figure 1. Design Procedure Flow Diagram




for a discussion on module mechanical and electrical and thermal
characteristics. Section 7.3.4 lists current manufacturers of modules in
the United States. Sections 3.1.3 and 4.4 should be consulted to make sure
that the module chosen for the array is constructed of suitable materials to
survive the environment without extensive degradation.

E. Step 5--Determine the Array Layout

After the module type has been chosen determine the dimensions of the array
and decide on the number of tiers, span width, and number of rows of
structure required. Turn to Section 3.5 for a discussion of the array layout
and structural arrangements.

F. Step 6--Calculate the Design Loads for the Array Structure

Turn to Section 4.3 to determine the load factors pertinent to array
structures.

G. Step 7--Select Suitable Construction Material

Turn to Sections 4.4 and 4.6 for discussions on environmental effects on
structural materials and descriptions and characteristics of structural
steel, aluminum, cold-formed steel, and wood. Then turn to Sections
4,7.1.2, 4.7.1.3, 4.7.1.4, and 4.7.1.5 which cover design, fabrication, and

construction specifications for structural steel, aluminum, cold-formed
steel, and foundations.

H. Step 8--Calculate Member Sizes and Connection Details

(a) Turn to Section 3.3 to determine the mechanical support requirements
for the array.

(b) Turn to Section 3.4 to determine the alternative mechanical connection
systems for connecting the module to the array structure.

(c) Turn to Section 4.7.1.1 and fd]]ow the procedure listed to determine
member sizes, foundation, and connection details for triangular framing
systems.

(d) Turn to Section 4.7.2.1 and follow the procedure listed to determine
the size of pole, foundation, member sizes, and connection details for
pole-mounted systems.

I. Step 9--Choose an Electrical Connection System

Refer to Section 3.4 to choose a basic electrical connection system. It is
outside the scope of this handbook to discuss electrical connection details
such as wire or duct size. The basic system, however, may be chosen after
reading the section cited.

J. Step 10--Draw up Installation and Maintenance Plan for the Array

Section 4.8 presents the methodology for writing an installation and
maintenance plan, including procurement of all material, necessary
equipment, and plans for maintenance.

5



K. Step 11--Perform a Cost Analysis

Section 4.9 presents the principles for performing a cost analysis,
including primary cost factors and sources of information.

3.0 CHARACTERISTICS OF PHOTOVOLTAIC ARRAY STRUCTURES

The characteristics of photovoltaic arrays which are of interest to the
designer of an array structure are the module mechanical-and electrical
characteristics, module thermal characteristics, module/array structural
support requirements, module installation and removal factors, and the array
layout and structural arrangement.

3.1 Module Mechanical and Electrical Characteristics

A photovoltaic module is a rectangular system consisting of solar cells, a
substrate on which the cells are mounted, a superstrate covering the cells
for protection, and a frame in which the cells, substrate and superstrate
are mounted. Figure 2 illustrates a typical photovoltaic solar cell
module. Currently there are about twenty companies around the world which
manufacture photovoltaic modules.

A sampling of U.S. manufacturers of photovoltaic modules is given in Section
7.3.4. From the standpoint of array structural design, there are six major
module characteristics to be considered: efficiency and output, size,
materials, weight, provisions for mechanical connections and provisions for
electrical connections.

3.1.1 Efficiency and Qutput

The module efficiency may be defined as the output power of the module
divided by the insolation.level (input power), where the maximum terrestrial
insolation level is 1 kw/mz. Module efficiency may range from a low of
about 6 percent to a high of about 16 percent. These efficiencies
correspond to peak power densities of 60 Wp/mZ to 160 Wp/m2,

respectively. Most currently manufactured modules have an efficiency and
peak power density within the lower two-thirds of these ranges.

Many of the modules presently on the market are sized to trickle charge 12 V
batteries. Typically, 14 V to 16 V charging voltage and 0.3 A to 0.6 A
charging current are required for battery trickle charging. Since the
module current output (as opposed to voltage output) is a direct function of
the insolation, the module must have a peak current higher than these values
so that it will produce an average current equal to these values.

Therefore, correct module (or array) size depends, in large measure, on the
amount of insolation available at the site of application.

Modules are also manufactured with different output voltage and current
combinations for the same module output power depending upon how the cells
in the module are interconnected (i.e., series and parallel connections).
For example, one manufacturer offers a 26 Wp 48 cell module in the following
types: 21.3 Vm, 5.32 Vm, 3.55 Vm, 2.66 Vm, and 1.77 Vm, where Vm is the
voltage at maximum power.
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3.1.2 Size

Modules currently manufactured vary in size from 0.30 m by 0.15 m (1.0 ft by
0.5 ft) to 1.2 mby 1.2 m (4 ft by 4 ft). Common sizes are 0.30 m by 0.30 m
(1 ft by 1 ft), 0.30 m by 0.61 m (1 ft by 2 ft), and 0.61 m by 0.61 m (2 ft
by 2 ft), 6.23 mby 1.2 m (0.75 ft by 4 ft), and 0.38 m by 1.2 m (1.25 ft by
4 ft). For a module efficiency of 10 percent, these sizes correspond to
module peak output powers of 9.1 W, 18.3 W, 37.2 W, 27.6 W, and 45.6 W,
respectively. It should also be noted that some manufacturers may
custom-manufacture modules of practically any size.

3.1.3 Materials

Table I shows the types of materials commonly used for the cells, substrate,
superstrate and frame. Particular attention should be paid to the substrate
material when selecting a module since degradation of the superstrate by the
environment may lead to drastically reduced cell performance. Section 4.4
discusses environmental factors associated with this problem.

3.1.4 Weight

The typical module weight varies from 15 kg/m¢ to 40 kg/m¢ (3 1b/ft2
to 8 1b/ft2), i.e., 150 N/mé to 400 N/m¢, depending on the module
construction materials.

3.1.5 Provisions for Mechanical Connections

The most popular provision for mechanical connection of the module to the
array structure is a flange with four holes or slots for bolt connections
(Figure 2). The bolt connection is usually the simplest and most
inexpensive installation method.

Other provisions include flanges or narrow edges without holes for use in
clip or clamp mounting.

3.1.6 Provisions for Electrical Connections

Modules differ significantly from one manufacturer to another and with
manufacturer types in terms of provisions for electrical connections, as
shown in Figure 3. These provisions may be divided into three groups:
terminals (Figure 3B), connectors (Figure 3E), and pigtails (Figure 3C).

A. Terminals

The module has two metal terminals to which the positive and negative
connecting wires are attached by soldering or by a screw and/or nut
connection,

B. Connectors

The module has a connector to which a mating connector is attached for the
output.



TABLE I. MODULE CONSTRUCTION MATERIALS

Section
Substrate

Superstrate

Frame*

Cells

* If substrate does not serve as frame

Materials
Glass
Fiberglass
Polyester
Stainless Steel
Aluminum

Glass

Silicone Rubber
Silicone Resins
Plastics

Lexan
Stainless Steel
Aluminum

Silicon (Si) [Most Common]
Gallium Arsenide (GaAs)
Cadmium Sulfide (CdS)



PIGTAIL LEADS

A JUNCTION BOX
B SCREW OR SOLDER TERMINALS
COVERED BY RUBBER BOOTS

E  ENVIRONMENTAL CONNECTORS
MOUNTED ON BRACKET

Figure 3. Module Electrical Connections
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C. Pigtails
The module has a positive and a negative output lead.

There are various schemes used to protect the electrical connections from
the environment. The most common are the junction box (Figures 3A and 3D)
and the rubber boot (Figure 3B). Figure 3A illustrates a metal junction box
attached to the frame while Figure 3D shows a plastic junction box molded
into the base of the module. In extreme environments the juncticn box

should be chosen over the rubber boot as an electrical connection protection.

Any modules with externally exposed metallic conductors require grounding.
Grounding methods are discussed in Section 3.4.2.

3.2 Module Thermal Properties

The two major problems involving module thermal properties are thermal
expansion and module operating temperature.

3.2.1 Module Operating Temperature

Since flat-plate photovoltaic modules are not actively cooled (i.e., with
forced water or air flow), the cell temperature may rise under normal
operating conditions to a temperature considerably higher than the ambient
temperature. Depending on the superstrate's and substrate's conduction and
convection properties, the cell temperature may run 150 C to 400 C

(59° F to 104° F) above the ambient temperature. For example, a thick
unfinned plastic substrate will cause the cell temperature to rise much
higher than a thin aluminum finned substrate.

Because of the temperature rise, the module will suffer a voltage loss of
approximately 2.2 mV/9C (1.22 mV/OF) rise in cell temperature. As an
illustration, a hypothetical series-connected 30 cell 12 V, 0.5 A module
rated at a cell temperature of 289 C (82.40 F) operates at a cell
temperature 259 C (77° F) above the ambient temperature. Thus, for an
ambient temperature of 28° C (82.40 F), the module will suffer a voltage
loss of

2.2 myV

: x 25° C=1.7V
C cell

30 cells x

which is equivalent to a power loss of 0.85 W, or 14 percent. Conversely,
if the ambient temperature falls below the rated temperature of the module,
an increase in power will result. Although this is usually welcomed, it is
occasionally detrimental. Certain inverters used to convert the dc
photovoltaic output to ac require the output voltage to be no higher than a
specified voltage. Therefore, choice of a particular module for a specific
application should take into account the ambient temperature range at the
site of application, the heat transfer characteristics of the module, and
the requirements of the electrical system for the application.

The method of mechanically fastening the module in the array may either
decrease or significantly increase the cell operating temperature. For a

11
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nonconcentrating photovoltaic array, it is uneconomical to have an active
source of cooling such as forced air or water flow. The main source of
cooling in most nonconcentrating photovoltaic panels is convection to the
surrounding air. Therefore, any interference by the array support structure
with the convection currents surrounding the module will affect the cell
operating temperature. An example of a system where the support structure
interferes with the module cooling is a structural system which uses a piece
of wood or other material completely covering the back of the module to
support the module. This could occur if the mocules are placed directly on
an already existing structure such as a slanted roof. The effect on cell
temperature is shown in tests conducted by JPL and shown in Figure 4. The
wind velocity is zero, but otherwise standard operating conditions are
present. Line A represents the module with both sides open to the air,
while Line B represents the module with only the front side open to the

air. The module with the wood backing runs about 400 C (104° F) higher

than the module with both sides unobstructed.

In the case of a module which has a transparent substrate and superstrate, a
"greenhouse" effect may be created when the back is covered which will also
significantly increase the cell temperature.

Therefore, the ideal array structure for minimizing the cell temperature
will keep contact with the front and back surfaces of the module to a
minimum. If contact must be made across the back surface, it should be made
only across a small portion of the surface and with a highly conductive
material, such as aluminum, which is itself open to the air on its own back
surface.

3.2.2 Thermal Expansion

The design of the supporting structure of the array should take into account
the dimensional change of the modules with temperature change. Material
expands with change in temperature according to the equation:

where
A linear deformation (m) resuiting from temperature change to
T1 (OC) from T (OC)
o coefficient of thermal expansion (00'1)

L original length of material (m)
T, temperature (°C) at which material length is L

Figure 5 shows the range in values of o for materials used in module and
array construction.

Generally, module thermal expansion has not been a problem with users of
arrays of sizes up to 10 kWp. However, practically all the systems have
been in use for only a few years. A potential problem exists with
differential thermal expansion; the module may expand and contract at a
different rate than the support structure. Depending on the strength of the
module mounting structure and mechanical connector, the connector could
break or the module mounting structure could crack, allowing the module to
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become disconnected from the support structure. In extreme environments or
over a period of extended use, this differential expansion problem could
become significant. Connection methods for taking this into account are
given in Section 3.4.1.

Another potential problem exists with the module itself. Over a long period
of time repeated temperature cycling may weaken the internal mechanism of
the module causing delamination of the cells from the substrate. This may
cause the cell operating temperature to increase to the point where the cell
is damaged. In addition, cracking of the cells and/or fatigue of the
cell-to-cell interconnects could result in open-circuiting of the module,
particularly when there is a mismatching of thermal expansion
characteristics of module materials. For these reasons, regular maintenance
checks should be conducted on the modules.

3.3 Module/Array Mechanical Support Requirements

The two subjects covered in this section are module standards and module
support requirements.

3.3.1 Module Standards

Private companies and governmental agencies have recommended that the
uniform live load requirement for photovoltaic modules be @ minimum of
approximately 2400 N/m2 (50 1b/ft2) normal to the structure and that

modules be capable of unimpaired operation under conditions of sustained
twist of the mounting plane which causes deviation of approximately 2.1 cm/m
(1/4 in./ft) from a true flat surface. The sales brochures of manufacturers
of photovoltaic modules reveal that most of them are conforming to the
recommended requirements. Fortunately this simplifies the design problems
for the engineer concerned with designing the structure to support the
modules. In reality the modules will rarely be exposed to pressures of 2400
N/m2 (50 1b/ft2). No United States building code would require the
structure supporting the modules to sustain a 2400 N/me (50 1b/ft2) load
except at extreme heights above the ground with an inclination greater than
30° from the horizontal. Nor would a well conceived structural support ever
sustain distortions of 2.1 cm/m (1/4 in./ft). In most applicgtions, a
design load of approximately 960 to 1440 N/m2 (20 to 30 1b/ft¢) normal

to the surface would be adequate.

3.3.2 Basic Support Requirements

To understand the basic support requirements for photovoltaic modules, it is
jmportant to understand the function performed by each part of the array
structure. Three basic definitions describe the functions covered in this
handbook:

Beam: A structural member loaded along directions other than its axis.
Column: A structural member loaded along its axis.
Diaphragm: A planar structural element that ties together structural

members joined at right angles or joined in parallel. The diaphragm
prevents the structural members from rotating around the connection points.
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The support requirements (illustrated in Figure 6) may be divided into
module planar, module nonplanar, and foundation supports.

A. Module Planar Supports

First, the module is attached to structural members running along the top
and the bottom edges of the module. These members are beams since they
resist forces perpendicular to their axes at the connection points between
the module and the members. A minimum of four connections of the modules to
the beams are required; two on the upper beam and two on the lower bean.

The module itself prevents the upper and lower beams from rotating around
the connections, and is therefore a diaphragm. This increases the
structural integrity of the array.

Secondly, additional structural elements are needed to span the distance
between the beams. Since these new structural elements are subjected to
axial loads at the connection points they are columns. For a two-tier
structure, these new structural elements are subjected to both axial and
perpendicular loading. They are beam-columns. These structural elements
are designated as member AC' in Figure 6 for the two-tier structure, and as
member AC in Figure 11 for the one-tier structure.

B. Module Non-Planar Supports

Structural elements are required to support the planar structure described
in A above at a specified angle from the horizontal. These elements are
columns and each element is designated as member BC in Figures 6 and 11.
For the pole-mounted system, as shown by Figure 12, the functions of member
BC are provided by the center beam and the angle adjustment member.

C. Foundation Supports

For nonportable systems, points A and B along the structure must be
supported in the ground to prevent the structure from moving or
overturning. Concrete foundations are used at these points.

For portable systems, points A and B along the structure may either be
supported by heavy weights (sandbags, etc.), or the structure itself may be
tied down securely to the ground.

The theoretical analysis of the basic elements described above is given in
Section 4.5.2.

3.4 Module Installation and Removal

This section discusses the major mechanical and electrical considerations
involved in module installation and removal from the array structure.

3.4.1 Mechanical Considerations

-The main methods for attachment of the module to the array structure are
welding, nailing, clipping, clamping, and bolting..
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Welding is not a recommended method for attachment to the array structure.
There are two major problems. First, welding will produce a permanent
connection. This will result in a major cutting operation each time a
defective module must be removed from the structure. Second, the module
frame and the array structure must be the same material. This restricts the
potential materials to be used for the array structure, and so may increase
the array cost. Also, it is very expensive and difficult to use the proper
welding techniques in a field environment due to the potential heat damage.

Nailing is an optional attachment method. It is inexpensive, but there are
two requirements for its use. First the module must have a suitable flange
which will allow a nail to be driven through without cracking or other
faults. Secondly, the structure must be wood. Damage to the delicate
internal mechanism of the module may result from repeated blows on the
module flange. From the removal point of view, there are two major
problems. First, depending on the number of nails and their placement on
the flange, removal of a module from the array may be a time-consuming
task. Secondly, once the module is removed from the array structure, the
existing holes in the structure may not be used because the module may work
itself free under wind or snow loading. In addition several module
installations and removals at the same location in the array may result in a
permanently weakened structure.

Clipping and clamping are advantageous connection systems in terms of ease
and expense of installing and removing modules. With special tools it is a
simple process to clip or clamp the module to the array. The major probliem
with clipping and clamping systems is that they are the least reliable of
the connection systems discussed in this section. Most clips and clamps
provide a strong pressure attachment to the array parallel to the clip or
clamp force. However, the only resistance to motion in the perpendicular
direction is provided by friction. Because of this the structural system
loses Tateral support, and some structural pieces may have to be enlarged to
account for possible load shift due to siip.

Bolting is the recommended method for mechanically attaching the module to
the array structure. First, bolting provides a solid structural attachment
in both the lateral and perpendicular directions. Second, bolts allow easy
installation or removal of the modules. Third, they can be repaired or
replaced easily, and are available essentially anywhere. Fourth, most
module manufacturers provide bolt holes or slots in the flanges of their
modules for attaching the module to the array structure. In addition to
regular bolts, the designer may use the option of "torqueing" or
"self-Tocking" bolts. Although more expensive than regular bolts they have
an important advantage. They provide an interference fit to the structure
without use of lockwashers or starwashers such that the bolts will not work
themselves loose, yet permit snugging so as to allow for planar shift
between the module and structure to accommodate thermal expansion mismatch
due to different structural materials. The major disadvantage in using
"torqueing" or "self-locking" bolts is that access must be available to both
the top and bottom of the bolt for module installation and removal.

Several considerations are important when determining the mechanical

connection type. The first is array structure penetration. It is necessary
to provide penetrations into the array structure to allow the modules to be
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attached. Field drilling may be very expensive due to requirements for
electrical power and labor costs. For these reasons, it is usually
advisable to have the penetrations completed in a shop before being shipped
to the site. However, tolerances must be closely controiled for incorrect
placement of the penetrations may result in expensive field drillings to
enlarge the holes. The second consideration is materials. If the array
structure is steel, and the module frame is aluminum, the potential for an
electrochemical reaction exists. In this case it is necessary to separate
the two metals with a separator at all points of contact. The separating
material may be a plastic, elastomer, or stainless steel. Because there is
a potential for creeping and breakage in the plastic and elastomer
separators, their use in certain environments may not be advisable.

3.4.2 Electrical Considerations

This section covers different generic considerations. Although it is beyond
the scope of this handbook to describe detailed electrical schemes, a basic
electrical connection system may be chosen for the array from this
discussion.

Though photovoltaic systems are not explicitly mentioned in the National
Electric Code (see Section 4.2) the various parts making up the photovoltaic
system are covered. The following chapters of the code apply to a
photovoltaic installation:

Chapter 1--General

Chapter 2--Wiring Design and Protection
Chapter 3--Wiring Methods and Materials
Chapter 4--Equipment for General Use
Chapter 6--Special Equipment

Chapter 7--Special Conditions

Chapter 9--Tables

In some installations used for research, development, or testing, the
authority having jurisdiction for enforcement of the code may vary specific
requirements in the code. Also, alternate methods may be permitted where it
is assured that effective safety and maintenance procedures are maintained.

A. Electrical Connection

There are five major electrical connection designs coverea:

Receptacle-plug (Figure 7A)

Junction box (Figure 7B)

Wireway-flexible conduit (Figure 7C)
Insulated cord-junction box-plug (Figure 7D)
Wireway-receptacle-plug (Figure 7E)

(a) Receptacle-Plug

The module is provided with a weatherproof plug and receptacle.
Multi-conductor rubber cord shall run from a centrally located panelboard to
each module and be connected with the plug and receptacle. The rubber
cords, receptacles and plugs shall be designed for outdoor.use. The rubber
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cord shall be strapped, supported and arranged to prevent sagging. The
rubber cord shall be instailed and attached to the array structure to
prevent damage to the wire. A separate ground wire, connected to each
module frame, junction boxes, panelboards and the array structure, shall be
installed to insure that ground continuity is maintained.

Conduit raceways shall be used for panelboard feeder circuits and any
underground wiring. Junction boxes shall be installed where necessary.

(b) Junction Box

The module or panel are delivered to the site with factory installed
junction boxes. After the moaules or panels are attached to the supporting
structure, the junction box coverplate is removed ana a junction box
extension is attached to the module junction box. Conduits run between and
are attached to the junction box extension, all along the back of the
array. Modules can be removed from the front of the array by disconnecting
the splice in the junction box, and removing the four screw connections
between the junction box and the junction box extension without disturbing
the conduits.

Splices between branch circuit wiring and module or panel are made inside
the junction box and box extension with approved type electrical wire nuts.

The raceways shall be rigid galvanized or flexible conduit or electrical
metallic tubing. Junction box extensions, in order that this system not be
overly expensive, should be plastic or some other inexpensive nonmetallic
material. A1l conduits are strapped to the array support structure.

(c) Wireway-Flexible Conduit

The modules are delivered to the site with factory instailed junction
boxes. Liquid tight fiexible metal conduit shall connect to the junction
boxes with weatherproof connectors on the module end and connect to a 10 cm
by 10 c¢cm (4 in. by 4 in.) weatherproof wireway on the other end.

(d) Insulated Cord-Junction Box-Plug

The modules or panels are delivered to the site with factory installed
weatherproof receptacles and plugs. For safety, the receptacles and plugs
shall have no exposed contacts when separated. The rubber cord shall be as
short as possible, but with a drip loop and shall be connected to the bottom
of a junction box with a weatherproof connector.

The raceways shall be rigid galvanized or flexible conduit or electrical
metallic tubing and shall be run along the back of the array and be fastened
to the supporting structure. Each raceway shall terminate in a weatherproof
junction box with a gasketed cover. Removal of a single module or panel
from the front of the array shall not disturb the conduits and junction
boxes which are located on the back of the array structure. A1l raceways
and junction boxes shall be installed in the field.
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(e) Wireway-Receptacle-Plug

The modules are delivered to the site with a weatherproof receptacle and
plug. A grounded rubber cord and plug shall connect to each module

receptacle and shall connect to the bottom of a wireway with a weatherproof
connector.

The raceway shall be a 10 cm by 10 cm (4 in. by 4 in.) weatherproof wireway
with a screw cover. The wireway shall run from the centrally located
panelboards, along the back of the array and shall be attached to the array
structure. Splices shall be made in the wireway. Multi-conductor rubber
cord with a weatherproof plug shall connect to the module.

B. Safety Considerations

Recommendations by several organizations including NASA and the National
Fire Protection Association, regarding general safety practices include the
following three factors:

(a) Voltage Maximum

It is recommended that the voltage of any integral group which may have
electrical maintenance work performed on it be no greater than 50 V.

(b) Grounding

It is recommended that all modules having metaliic substrates, supports, or
frames be provided with an external grounding termination meeting the
following requirements: (1) Solder attachment shall not be allowed; (2) The
ground circuit shall not be made through a connector interface; (3) A
terminal shall be provided which accepts a ground wire equal or larger in
gage than accepted by the module output terminals; (4) Grounding circuit
shall not be provided by a Vendor-installed pigtail; (5) If output
terminations are provided in a J-Box, the ground termination should also be
located internal to the J-Box with suitable gland or compression type
penetrations provided; (6) The ground terminal shall not be used for any
other purpose (i.e., module assembly or installation). A1l exposed metallic
or conducting surfaces shall demonstrate electrical continuity to the

external grounding connection; and (7) the array structure itself should not
be used for grounding.

The suggested method of grounding the array is shown in Figure 7F. Here,
each module is attached by a clamp or similar device to a small loop coming
from the main ground line. The advantage of this system is that when a
module is removed, only the removed module ground is defeated, not the
entire system ground. This problem is illustrated in the grounding system
of Figure 7G, where removal of one module will result in the system ground
being defeated. Such a system is not recommended. See also Article 250 of
the NEC for more details on grounding.

(c) Lightning Protection

A lightning rod(s) should be erected in accordance with the specifications
given in Article 280 of the NEC.
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3.5 Array Layout

3.5.1 Factors Affecting Packing Efficiency

Module packing efficiency, the efficiency with which the area available for
the photovoltaic array contains photovoltaic modules, must be considerea
during the design phase of the photovoltaic system. Shading of one row
(planar element) of modules by another row, and space considerations are the
major considerations when arranging the modules. Other limitations are
transportation capability (limited by truck size), maintenance
accessibility, and accessibility to sunlight.

Shading of the cells within the array will cause power loss for the
following four reasons:

® The amount of radiation each cell receives is reduced so that the cell
output is correspondingly reduced.

° In a series string, the shaded cells may block the current flow of the
illuminated cells.

° In a parallel string, the shaded cell may shunt part of the generated
current of the illuminated cells.

° Shaded cells may become reverse-biased by the voltage developed across
them.

For these reasons, shading of the array should pe kept to a minimum. One
method of doing this is to space the rows in the North-South direction so
that the modules will either never be shaded, or shaded for only short
periods in the early morning and late afterncon. Although there is no
established rule-of-thumb in this area, one approach is to choose the
spacing between rows such that there will be no shading of the rows after
0900 hours on December 22 for sites located in the Northern Hemisphere
(after 0900 hours on June 22 for sites located in the Southern Hemisphere).
This approach will result in negligible shading of the array through the
year. If site space limitations are tight, and the user is willing to
accept greater array losses due to shading longer in the morning and earlier
in the afternoon the spacing could be determined for a later time, or for a
different time of the year. In addition, the array should be oriented so
that it faces due south for Northern Hemisphere sites and due north for
Southern Hemisphere sites.

Basic parameters needed to determine row spacing are the sun's altitude
(SALT) and the sun's azimuth (SAZM) angles for the day of the year and time
of day that the designer has established as the criterion for no shading.
These parameters, which describe the position of the sun in the sky with
respect to the site location are illustrated in Figure 8A. '

SALT and SAZM may be determined for any instant in time when the latitude
(1) and hour angle (h) for the site, and the declination angle (d) of the
sun are known. The latitude is the location of the site north or.south of
the equator and is expressed in degrees North Latitude (positive) or degrees
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South Latitude (negative). The hour angle expresses the time of day at the
site in solar time. The hour angle is zero at solar noon, i.e., when the
sun is at its zenith, and each hour of departure from solar noon is

3609/24 or 15°. Hour angles from Q° to 180C before solar noon are
negative, while hour angles from 00 to 1800 after solar noon are

positive. The declination angle is the angular position of the sun north
(positive) or south (negative) of the equator. These parameters are shown
in Figure 8B.

The declination angle varies with time of year and slightly from year to
year for the same calendar day. For purposes of this handbook, however, the
declination angle for any given day is considered constant and the value
from one year to the next is considered the same for the same calendar day.

When the latitude and longitude for the site are known, use the equations
and Tables IIA and IIB below to calculate the following:

Hour Angle for the Site

h =15 (t - 12 + TZN + ET) - Long (1)

where

=

hour angle of the site relative to solar noon

t local clock time (hours after midnight) chosen to avoid array
shading in the morning

TIN time zone number for the site (see Table IIB)

ET equation of time (see Table IIA)

Long Tlongitude of site (West is positive; East is negative)

h' = cos~l (-tan Lat)(tan d) (2)

where

h' hour angle of the site relative to solar noon at sunrise
Lat latitude of the site (North is positive; South is negative)

d declination angle of the sun (see Table IIA)

If {h] > lh'|, then the time chosen to avoid shading occurs before sunrise
at the site.

Sunrise Time at the Site

h Long
SRT = 12 - 7¢ - ET = TN + == (3)

where
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TABLE IIA.

THE SUN'S DECLINATION AND EQUATION OF TIME *

[d is the declination angle of the Sun; ET is the Equation of Time.]

Day 15 22

d, ET, d, ET, d, ET, d, ET,
Month deg hr deg hr deg hr deg hr
January -22.99 | -0.061 |-22.21 | -0.113 |-21.08 | -0.158 | -19.63 | -0.194
February -17.04 | -0.189 |[-14.92 | -0.237 |-12.60 | -0.236 | -10.12 | -0.226
March - 7.51 |-0.206 |- 4.81 | -0.181 |- 2.06 [ -0.149 | - 0.71 | -0.115
April 4.62 | -0.065 7.28 | -0.031 9.83 | -0.001 12.26 0.025
May 15.13 0.049 17.14 0.059 18.91 0.062 20.42 0.057
June 22.08 0.038 22.86 0.018 23.32 | -0.006 23.44 | -0.031
July 23.10 | -0.063 22.45 | -0.083 21.50 | -0.098 20.24 | -0.106
August 17.97 | -0.104 16.09 | -0.093 13.99 | -0.074 11.72 | -0.047
September 8.22 0.001 5.62 0.039 2.96 0.080 0.25 0.122
October -3.26 0.172 -5.95 0.207 -8.58 0.237 | -11.11 0.259
November -14.50 0.273 | -16.62 0.270 | -18.53 0.256 | -20.17 0.231
December -21.83 0.182 | -22.74 0.134 | -23.28 0.081 | -23.44 0.023
* Taken from The Ephemeris 1981, U.S. Navy.
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Table IIB. TIME ZONE NUMBERS FOR THE WORLD FOR STANDARD TIME

TIME
Z0ONE STANDARD
NUMBER MERIDIAN
~12 180% E.
-11 1658 E.
-10 1500 E.
-9 1350 E.
-8 1200 E.
-7 1050 E.
-6 900 E.
-5 750 E.
=4 600 E.
-3 452 E.
-2 300 E.
-1 150 E.
0 (Greenwich) '00
+1 150 W.
+2 300 W.
+3 450 W.
+4 (Atlantic) 600 W.
+5 (Eastern) 750 W.
+6 (Central) 900 W.
+7 (Mountain) 1050 W.
+8 (Pacific) 120O W.
+9 (Yukon) 1350 W.
+10 (Alaska-Hawaii) 1500 W.
+11 (Bering) 165 W.
+12 180 W.

NOTE: 1. Negative (-) TZN is the number of hours later than Greenwich
Standard Time; Positive (+) TZN is the number of hours earlier
than Greenwich Standard Time.

2. The Standard Meridians given are the approximate centers of the
time zones.

3. () Indicate names given to some of the Standard Time Zones.
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SRT sunrise time at the site (clock time)*

Altitude Angle of the Sun

SALT = sin-1 (cos Lat cos h cos d + sin Lat sin d) (4)

where

SALT altitude angle of the sun with respect to a horizontal plane
which passes through the site location

Azimuth Angle of the Sun

SAZM = sin-l (cos d sin h/cos SALT) (5)

where

SAZM azimuth angle of the sun with respect to solar South (west .of
South positive; east of South negative)

The following equations and Figure 8C may be used to determine the spacing
between the rows:**

Y x sin (8 + 1)
SPACE) = —57nT5) (6)

X x sin (§+7T) 1
SPACE, = sin (6 ) X STh (t) X COL(SALT) X sin(a) (7)

|sazm + cAzm |
§= arctan [ tan (SALT) ]
cos(a)
where

SPACE] distance required between the front supports of a row and the

row directly behind it in order to ensure that the shadow
will be below the array row

*In many localities, clocks are advanced one hour beyond Standard Time
in summer. In the U.S., such time is referred to as "Daylight Savings
Time". In such cases, add 1 hour to SRT.

**From "Optimized Spacing between Rows of Solar Collectors," p. 3-15, in the
Proceedings of the 1977 Annual Meeting of the American Section of ISES,
OrTando, Florida, 1977.
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SPACE9 distance between the front supports of & row and the row
directly behind it in order to ensure that the shadow will be

to the left (morning) or right (afterncon) of the row

s projected altitude angle of the sun on a plane perpendicular
to the rows
a angle between the sun rays projected on the horizontal plane
and a plane perpendicular to the rows
T tilt angle of the array (known as g in Figure 13)
SALT solar altitude at the site for the date and time chosen

(calculate using Equation (4) above, or obtain data from NOAA
or other sources)

SAZM solar azimuth at the site for the date and time chosen
(calculate using Equation (5) above, or obtain data from NOAA
or other sources)

CAZM collector azimuth (positive when measured west of solar south
for both North and South Latitudes)

X width of row between left-most and right-most support points

Y height of row (measured along the plane of the row)

To determine the spacing, use the following steps:

Step 1. Solve for SPACE] in Equation (6)

Step 2. Solve for SPACE» in Equation (7)

Step 3. Since either SPACE] or SPACE, guarantees no shading for the date and
hour selected, the smaller of these values is the recommended
spacing between the rows.

Another method that may be utilized to reduce shading (reduce row spacing)
is to step the rows, i.e., step the array rows by a fixed delta increment in
height. ‘For Northern Hemisphere sites, increase row heights in the south to
north direction and for Southern Hemisphere sites, increase row heights in
the north to south direction.

3.5.2 Structural Arrangements

The following principles should be used in layout of the array structure:

A. As far as practical, modules should be supported in one plane (row) to
minimize the structure and foundation costs.

B. Structural column members should be, as far as practical, maximized in
number in the design in comparison to beams. This is because members are
more efficiently used when loaded axially than when loaded nonaxially.

C. Where practical, use long supporting beams supported at four or more
locations (three span minimum). This creates a statically indeterminate
beam which will result in smaller moments than a comparable simple span or
two-span beam.

D. Field connections, such as beam splicing, back-to-back connection of

channels to form beams, welding of clips, plates or fittings to beams, etc.,
should be avoided whenever possible, i.e, do as much as possible in the shop.
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E. To ensure simple maintenance procedures, the design should stress
simplicity in structural arrangement.

4.0 ARRAY STRUCTURE DESIGN

Normally, array structure design is performed by a professional structural
engineer. This handbook, and in particular, this section has been written
to Timit the need for a structural engineer in designing array structures
for a selected range of array sizes in either of two selected structural
systems. It is however necessary, for the user of this handbook to have a
rudimentary knowledge of statics and material strengths so that the intent
and Timitations of the handbook are understood.

4.1 Philosophy of Structural Design

Structural design can be reduced to a two-part process, the first being
analysis and the other being design. Analysis is the process of applying
the lTaws of physics and the resolutions of environmental loads to a
conceptual model of the structural system being considered. Design is the
process of using the laws of engineering mechanics of deformable bodies in
order to determine the size, shape, and material of the members that will
compose the finished product. The end product will be a structure that
should satisfactorily serve its purpose over its expected life.

Fundamental to the analysis portion of structural design is the
determination of all significant loads (forces) applied to the structure.
Loads generally are separated into two broad categories: dead loads and
live loads. Dead loads are the weights of the structural elements plus all
other materials permanently supported by the structure. For the purposes of
this handbook these materials consist of the photovoltaic modules,
electrical and mechanical hardware, conduit, and all other permanently
installed equipment that may be required for the particular array. Live
Toads generally constitute all other applied loads which include service and
maintenance loads, and temporary wind, seismic (ground motion due to
earthquakes or volcanic action), snow and ice loads. However, the primary
structural manuals define the live load as not including the earthquake or
wind loads, and this more restrictive definition will be used in this
handbook.

Building codes generally dictate what are and are not to be considered Tive
loads. They will also specify how all loads are to be applied to the
structure. These loads as addressed by the various United States' building
codes do not directly apply to photovoltaic array structures. Therefore,
the design engineer must exercise judgment in interpreting the codes and
what loads and their magnitude to apply to the structure.

The wind load is the major design load factor in the design of a
photovolitaic structure. United States' building codes are designed to apply
to building structures which have a life expectancy in the range of between
30 and 75 years. Wind loads as found in building codes are based on a
50-year mean recurrence interval for extreme wind velocity including
gusting. Statistically this means that there is a 2 percent probability of
the design wind velocity (hence, the design wind load) being exceeded in any
one year. The design engineer should determine the anticipated useful life
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expectancy of the structure along with its acceptable risk factor (which may
differ from the risk factor of the photovoltaic module) before determining
the wind load. Determination of acceptable risk should include
consideration of both economic loss and human 1ife loss if failure of the
structure occurs during its Tife. 1In lieu of a rigorous risk analysis, it
is recommended that a 50-year mean recurrence interval be used.

Other environmental loads consist of seismic loads and snow and ice loads.
Seismic loads are generally not significant and can usually be neglected
when designing array structures. Snow and ice loads on the other hand may
be significant, depending on the site location.

After determination of the environmental loads, the type of generic
structural system would normally be developed. Primary alternatives include
a single-pole supported system, a beam-and-post type system with either a
rigid or braced frame, or a triangular frame. This handbook limits its
scope to triangular frames and single-pole supported systems (see Section
4.5). Selection of a generic structural system contained within this
handbook can be made, due to the limitations, before the loads are
determined.

The triangular frame has special advantages over most other generic framing
systems. Its members are slanted and may be positioned at the desired angle
of inclination for optimum exposure of the modules to the sun. In addition,
it is a highly efficient structural system, and it is readily adaptabie to a
variety of sites. The disadvantage of the triangular frame is that it may
consume more site area than is desirable due to the distance between its two
support points. The pole-supported system lacks the efficiency and
flexibility of the triangular frame but may be more cost-effective and
require less room, especially for smaller arrays.

Considerations should not be limited solely to structural efficiency when
selecting a generic structural system. Other considerations, some of which
are in the realm of the architect, but which should be considered in the
absence of an architect by the engineer are:

A. Aesthetics

The structural and array should conform with the motif of the surrounding
natural environment or architectural motif of the urban area and property
onto which the array is to be placed.

B. Maintenance

Consideration should be given to the following factors:

® Will maintenance loads be ‘placed on the structure?

o What type of upkeep and inspection will be needed during the Tife of the
structure?

o Is the structure designed for easy maintenance and service?

C. Material Availability

In some parts of the world, wood is non-existent and aluminum and concrete
have both been in short supply in the United States at various times.
Therefore, the engineer should inquire about the availability of material
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and structural shapes before finalizing the design. It is not uncommon to
discover after designing a structural system that certain materials or
structural shapes are not available locally or, if available, that there is
an excessive lead time required for delivery to the construction site.

D. Costs

The engineer invariably faces the question of the cost tradeoff between
material cost and labor cost. As a general rule in the United States, labor
is the Targer contributor to cost. Therefore, every attempt should be made
to limit the labor requirements at the construction site, i.e., have as much
as possible of the fabrication and construction done in the shop and not at
the site. In other areas of the world, particularly the Third World
countries where their economies are labor intensive, attempts should be made
to economize on materials in order to provide more on-site labor. The
engineer must also keep in mind the level of skill of local labor.

There are basically two types of design approaches in terms of the safety
factor used in the United States; the working stress method and the ultimate
strength method. The working stress method is used for all the materials in
this handbook except concrete which uses the ultimate strength method. The
working stress method applies a safety factor to the allowable stress that
the material may be subjected to while applying actual loads to the
material. The ultimate strength method applies a safety factor to the loads
(by increasing the design load) while designing the material to its ultimate
stress capacity.

Finally, as discussed in Section 3.5, consideration must be given to the
array layout and structural arrangement so as to minimize land usage, yet
avoia shading of the array.

4.2 Codes

Throughout the world there are local zoning and building codes to which the
photovolitaic array designer must conform. Armed with these codes,
Tocalities exercise police powers over owners, consultants and contractors
who design and construct buildings and other structures. This control
extends over all phases of design and construction and include land use,
design specifications, and construction methods. To ensure compliance,
field inspections are made by local officials.

As the first design step, the deéigner of a photovoltaic array should
consult the local zoning and building codes.

The zoning code will estabiish whether the anticipated land use is
permissible. Provisions of the local zoning codes, though not explicitly
addressed to photovoltaic array structures, are applicable in their design.
For example, setback requirements from property 1ines will affect the array
site layout. Also, many communities have planning commissions which
recommend whether or not building permits will be issued. Finally, an
environmental impact statement may have to be filed for the array.
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The building codes establish the design criteria for the structure to insure
that the structure will be safe and will be adequate to sustain the expected
loads over the expected life of the structure.

The local building code will often be adapted, in part or whole, from one of
the nationally recognized codes in the U.S. Among the most often used
nationally recognized codes are the following:

A. Uniform Building Code (UBC): International Conference of Building
Officials (1976 Edition). (See Section 7.6.)

B. National Building Code (NBC): American Insurance Association (1976
Edition).

C. Southern Standard Building Code (SSBC): Southern Building Code Congress
(1977 Edition).

D. Basic Building Code (BBC, also known as the BOCA Code): Building
Officils and Code Administrations International, Inc. (1978 Edition).

E. National Electrical Code (NEC): National Fire Protection Association.
(Also of interest are the National Electrical CodéE)Handbook: National

Fire Protection Association and National Electrical CodéE)Reference Book:
Prentice Hall) (1978 Edition).

The UBC is the primary structural code for this handbook. Other structural
codes are secondary references. The NEC is the primary electrical code.

4.3 Load Factors

The design loads for the array structure may be divided into the following
groups: dead loads, live loads, wind loads, seismic loads, snow loads,
thermal loads and miscellaneous loads. Where there are no applicable local
codes, the following minimum requirements shall be met.

4.3.1 Dead Loads

Dead loads are those loads permanently attached to the array structure.
Examples are the weights of the modules, electrical and mechanical
connections, conduits and other hardware, extraneous hardware and the
structure itself.

Usually the manufacturer supplies the weights of the module and electrical
and mechanical subsystems. Structural material weights for various sections
are generally available as part of their designation system. In lieu of
such explicit designations, the following material densities may be usea to
compute the weight of the materials:

o Steel: 7,845 kg/m3 (490 1b/ft3), i.e., 76,980 N/m3

o Aluminum: 2,642 kg/m3 (165 1b/ft3), i.e., 25,920 N/m3

o Wood: 512 kg/mS (32 to 35 1b/ft3), 1.e, 5,030 to
5,500 N/m3
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® Concrete (foundations only): 2,400 kg/m3 (150 1b/ft3), i.e.,
23,570 N/m3

e CEarth (foundations only): 1,760 kg/m3 (110 1b/ft3), i.e.,
17,280 N/m3

The dead load, strictly speaking, should be applied on the structure normal
to the surface of the earth. For simplicity, this handbook permits the
application of the dead load normal to the surface of the module provided
the dead load to Tive load ratio is not greater than 0.4. The dead loads
computed for the electrical and mechanical hardware may be assumed to be
uniformly distributed over the surface of the array. However, if such
hardware is so locally distributed and of such magnitude that to assume a
uniform distribution would be incorrect and cause local overloading of the
structural members, then the hardware should be added to the structural beam
weight as a linear uniform weight (weight per unit distance). The weights
of the structural beam may either be assumed to be uniformly distributed
over the surface of the array, or be added to the combined load applied to
the beams as discussed in Section 4.7.1.

4.3.2 Live Loads

Live loads are loads temporarily applied to the array structure not
including wind load, earthquake load, or dead load.

To account for maintenance and service, a minimum live load should always be
assumed and shall be 718 N/mZ (15 1b/ft2).

4.3.3 MWind Load

Wind load is the single most important load for the design of the array
structure. It is usually several times larger than either the dead load or
any other load.

The structures in this handbook have been designed under the following Wind
Design provisions of the Uniform Building Code:

Sec. 2311. (a) General. Buildings or structures shall be designed to
withstand the minimum horizontal and uplift pressures set forth in
Table No. 23-F* and this Section allowing for wind from any direction.
The wind pressures set forth in Table No. 23-F* are minimum values ana
shall be adjusted by the Building Official for areas subjected to
higher wind pressures. When the form factor, as determined by wind
tunnel tests or other recognized methods, indicates vertical or
horizontal loads of lesser or greater severity than those produced by
the loads herein specified, the structure may be designed

accordingly.

These provisions have been taken into account in the tables and figures in
this handbook so that the designer need only find the wind pressure for the
array location. To find the wind pressure in the United States for a

50-year mean recurrence interval, the Allowable Resultant Wind Pressure Map

* Figure 9 in this handbook.
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and Wind Pressure-Height Table (Figure 9) from the UBC may be used. The
designer first determines the allowable wind pressure for the array location
from the map. Then the table should be consulted to adjust the allowable
pressure for the height above the ground. The designer may optionally use
Sec. 2311 (h) from the UBC for this calculation.

(h) Miscellaneous Structures. Greenhouses, lath houses and
agricultural buildings shall be designed for the horizontal
wind pressures as set forth in Table No. 23-F*, except that,
if the height zone is 10 feet or less, two-thirds of the first
line of listed values may be used. The structures shall be
designed to withstand an uplift wind pressure equal to three-
fourths of the horizontal pressure.

Another source of wind load design criteria is the Timber Construction
Manual published by the American Institute of Timber Construction. Excerpts
Trom this manual are reproduced in Section 7.4 of this handbook. These
excerpts may be used when:

e The terrain requires a more precise evaluation of wind loads.

e A mean recurrence interval other than fifty years is required.

e The recommended wind velocity is known but not the recommended wind load.
In this case, the following formula from the Timber Construction Manual
may be used:

L - 0.00256 x v2 x (1/30)2/* x &

F
where
L wind pressure
\ wind velocity in mph
H height above grade (in feet) of pressure being computed
X exponent depending upon general site exposure conditions
Gr  gust response which js a function of terrain

For wind load criteria outside the United States, the designer should
consult local codes and requirements. In lieu of this information, the
United States Army and Air Force Manual TM5-809-1 AFM 88-3 should be
consulted. Wind, snow and frost data from this manual are reproduced in
Section 7.5 of this handbook.

4.3.4 Seismic Load

Seismic loads are those loads induced in a structure due to ground motion
caused by earthquakes and volcanic action. Since seismic loads are related
to the dead load weight of the structure (loads are introduced into the
structure due to the inertia of the structure when the ground moves), and
since these structures are relatively light, only small seismic forces are

* Figure 9 in this handbook.
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Figure 9., Allowable Resultant Wind Pressures (UBC)*

* Reproduced from the 1976 edition of the Uniform Building Code, Copyright
1976, with permission of the publisher, the International Conference of

Building Officials.
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introduced. By comparing seismic forces with the wind forces, the designer
can see that in almost all cases the wind load will prevail.

The basic formula for determining seismic forces is:
V=(ZxIxKxCxS)xHW
where

total lateral seismic force

weight per volume of modules and array structure. (This
may be estimated from the values given in Section 4.3.1
if the overall array size is known.)

Z,1,K,C,S variables whose values depend on the type of structure
and its location

= <<

A simplified conservative formula for seismic load may be used which will be
satisfactory for most locations. This formula is:

V=0.24MW

If a more accurate method is preferred, the designer should use the UBC.
This method is reproduced in Section 7.6 of this handbook.

4.3.5 Snow Loads

Snow loads are those loads on the array structure due to accumulation of
snow fall on the surface of the array. Snow drifting onto the array is not
a situation addressed by the codes, but an analysis of code provisions for
snow loads on roofs indicates that a similar approach may be used for
photovoltaic array structures.

Snow loads on roofs are determined by the measured snow load on the ground
for a specific mean recurrence interval. For the United States for a 50
year mean recurrence interval, the map in Figure 10 from the AITC Timber
Construction Manual may be used to determine the ground snow load.
Additional material from this manual is reproduced in Section 7.7 of this
handbook for use when:

e A mean recurrence interval other than 50 years is required.

e Figure 10 provides no ground snow data for the array location.

e The array is located next to a large projection from the ground such as
a building or natural bluff.

See also Section 7.5 of this handbook for snow load data at various
locations inside and outside the U.S.

Normally to determine the basic snow load on a roof, the ground snow load is
multiplied by a coefficient of 0.8. This coefficient can be used when an
array structure is mounted a significant distance above the ground, which is
the case for the pole-mounted structure. Triangular frames discussed in
this handbook have a basic snow load determined by using the ground snow
load without the coefficient, since these structures are to be mounted near
the ground surface.
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Snow loads in excess of 718 N/m¢ (15 1b/ft2) may be reduced if the angle
of inclination of the module is greater than 200. The formula for the
reduced snow Toad is (See Section 7.7):

SR = 0.8 xS - (0.025S - 0.5) x (8 - 20)
where
SR reduced snow load
S ~ snow load from ground data
) angle of inclination of module in degrees

4.3.6 Ice Loads

Ice loads are those loads that result from the accumulation of ice on the
structure. This state can occur for a variety of reasons, but the two most
common are freezing rain, and the thawing and refreezing of fallen snow. In
general, for array structures this load is not greater than the other live
loads. Local authorities should be consulted about special provisions for
ice loads if there is a concern about such loads.

4.3.7 Thermal Loads

Thermal loads are those loads caused by the effects of temperature and
temperature change on the structure. These effects include material fatigue
and differential expansion, each of which could cause the structure to

fail. However, for the type of simple structures discussed in this
handbook, assuming good design practice is followed and the weather
conditions are not extreme, thermal loads are not a significant problem.

4,3.8 Miscellaneous Loads

Miscellaneous loads are those loads which usually do not affect the majority
of structures, but could affect structures under special conditions. These
loads are of such a unique nature that special codes are written for them:
blast proof design, tornado design, special use or industrial design, and
drifting sand design. The designers of photovoltaic arrays should ascertain
if the structure will be subjected to additional Toads other than those
discussed above and design accordingly.

4,3.9 Combined Loads

Loads do not act on an array structure independently; certain loads will
combine to stress the structure. A structure designed to withstand the sum
of all the possible loads will be an oversized, uneconomical structure. The
reason for this is that all loads described in Sections 4.3.1 through 4.3.8
inclusive are maximum loads and it is improbable that all maximum loads will
occur at the same time on the array. So the design must use some method of
“weighting" the different maximum loads to determine a reasonable combined
design Tload.

One method is to calculate the combined load as the dead load plus the
largest of all the other loads, which is usually the wind load.
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A second method, based on load combination probabilities, is given in the
BOCA Code. In this approach, the combined load (P) is determined to be the
largest of the following eight combinations:

dead load
dead + live loads
dead + (wind or seismic) loads
. dead + thermal loads
(dead + live + (wind or seismic) loads) times 0.75
(dead + live + thermal loads) times 0.75
(dead + (wind or seismic) + thermal loads) times 0.75
(dead + live + (wind or seismic) + thermal loads) times 0.66

Either method may be used to determine a reasonable design combined load.

4.4 Environmental Factors

In addition to the load factors previously disclosed there are additional
environmental factors the photovoltaic array structural designer should
consider. These factors include among others: water, temperature,
pollution and soil heaving.

4.4.1 Water

Humidity is atmospheric water vapor content while rain is precipitation of
liquid water. Both can significantly affect structures.

The obvious effect humidity and rain may have on structures is oxidation
(commonly referred to as rust for ferrous metals and alloys). Oxidation
occurs for both steel and aluminum. Fortunately, aluminum's oxide coat
protects it from further oxidation. 1In fact, due to the protective nature
of aluminum oxide many designers will specify that the aluminum be
anodized. This is done by an ancdic process in a suitable electrolyte such
as chromic acid or sulfuric acid solution. Caution should be used when
specifying anodizing aluminum since the oxide must be removed by some means
prior to soldering, brazing or welding. The designer should refer to the
American Welding Society specifications or the Aluminum Association's
specification for the proper requirements.

Steel also oxidizes, but unlike aluminum the oxide does not protect the
metal. Steel must be continually maintained by painting to prevent it from
being damaged by oxidation.

However, special alloy steels are commercially available which have better
than four times the corrosion resistance of carbon steei. The ASTM
designations for such steels are ASTM A242 and ASTM A588 and they may be
used in the steel structures found in Section 4.6.2.2 in lieu of ASTM A36
steel.

These weathering steels may be used without painting and are especially
effective where infrequent maintenance is desired. The designer should be
aware that these weathering steels are higher strength steels than the A36
steel and consequently lighter steel sections than those shown in the tables
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may be used. As an option, one might reduce the design live Tload by 10
percent to account for the higher strength steels. However, the loads
should not be reduced beyond 10 percent because the relationship between
strength of one steel to another is not strictly linear. In lieu of an
exact analysis and design by a professional structural engineer the sizes as
shown in the tables should be used. Weathering steel has one bad side
effect: Tleaching. Consequently, it should be avoided where staining and
streaking is undesirable. Steel may also be galvanized where long
maintenance-free periods are desired. Galvanized steel should be touched up
in the field with a galvanizing paint after installation. Recent experience
with pricing of weathering steel, galvanized A36 steel, and aluminum
indicates that weathering steel is generally the least costly.

Wood is also severely affected by humidity and rain. In fact, a sizable
number of wood structures have collapsed due to rain and high humidity.
These structures have ranged from barn roof trusses caught in the rain
during construction to huge industrial, redwood timber cooling towers. The
cause of the collapses was the increased moisture content of the wood. Wood
is stress rated at a specified moisture content. As the moisture content of
the wood increases the allowable stress rating of the wood goes down. For
example, should the moisture content of the wood rise to 19 percent the
allowable stress decreases about 10 percent. A sizable increase in moisture
content could collapse an array structure of wood. The increase in
atmospheric moisture content either in the form of humidity or rain would
have to be of a prolonged nature to weaken a wood structure. Also, the wind
load would have to increase to the design load. Prolonged atmospheric
moisture increase would have to exist for weeks, or even months, without the
opportunity for the wood to dry out. Tropical rain forests and areas with
prolonged monsoon seasons are likely candidates to harm a wood structure.
One must note that a properiy painted wood structure would not be as
susceptible to moisture content increase. Preservative pressure treatment,
however, offers no benefits in terms of preventing moisture content
increases.

Concrete is also affected by rain and humidity. Rain on concrete prior to
its setting up (hydration) can weaken the concrete since concrete's strength
is a function of its cement to water ratio. In general, excess water in a
concrete mix lowers the strength of the concrete. High humidity will not
cause adverse effects in solid concrete, but low humidity and high
temperatures can cause deleterious effects such as spalling and cracking.

4.4.2 Temperature

Change in ambient temperature which causes expansion and contraction in a
structure does.induce stress (force per unit area) in the structure as does
differential settlement of the foundation of a structure; and, both should
be considered in the design of a structure. However, for the structures in
this handbook stresses due to differential settlement and thermal expansion
are insignificant. Thermal loads may become significant in structural
systems over 50 meters (164 ft) long; while differential settlement will
become significant for structures in this handbook when it approaches a
quarter inch. Additionally, as discussed in Section 3.2.2, differential
thermal expansion and contraction between the module and the structure
appear to be rather insignificant as a rule. This tends to be true in part
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because the coefficient of thermal expansion of the various materials for
structures and modules are of the same relative magnitude, and because the
modules tend to be rather small while the structural elements tend to be
rather large; so, though the modules may expand or contract relative to the
structure, the effect is not cumulative over the length of the structure due

to the segmental nature of the modules and therefore, the induced stress is
small.

Extreme cold as that experienced at the earth's poles will require special
consideration since most structural metals will become brittle. Welding, as
well, may require special techniques.

Foundations on tundra and permafrost are complex engineering problems and
are beyond the scope of this handbook. Tundra is the meager vegetation
between the 1imit of trees and that of perennial snow and ice on mountains
or about the earth's poles. Permafrost is perennially frozen ground. A
foundation built through tundra into permafrost has a significant
consequence beyond the fact that tundra is destroyed. The foundation which
may have been warmed by conduction from the photovoltaic modules through the
structure to the foundation may thaw the Permafrost. Consequently the
foundation will settle. This settlement could be severe and even involve
rotation of the foundation. A geotechnic engineer specializing in
foundations on Permafrost should be consulted when the array designer is
faced with this problem.

4.4.3 Pollution

Saltwater environments create a damaging atmosphere for metal structures.
Again, oxidation is the critical process. Aluminum should be anodized and
ASTM A36 steel should be painted. Similar precautions should be taken in
industrial environments where corrosive chemicals precipitate out of the
atmosphere onto the structure.

Pollution will also have an effect on the ability of the cells to receive
radiation. In addition to the effect of pollutants in the air permanently
reducing the radiation from the sun to the module superstrate, the pollution
will also reduce the radiation from the module superstrate to the cells in
two ways. First, chemicals from the air will adhere to the superstrate
surface, blocking sunlight to the cells. Secondly, the chemicals may cause
a change in the material or chemical configuration of the module
superstrate. While the first effect is a temporary effect which may be
removed by rain or regular cleaning, the second effect, especially for
silicone rubber superstrates, will cause a "cloudiness" in the superstrate
which will reduce the efficiency of the module. If the modules do not
receive regular cleaning, the first effect may also become permanent.

For these reasons, it is necessary to determine the type and amount of
pollution at the site before module and structural material selection are
completed. It may be necessary to increase the initial cost of the system,
by using more expensive modules and structural materials, if the site is a
highly poliuted area and/or maintenance will be infrequent.
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4.4.4 50ils Heaving

Water freezing in soil causes the soil to heave. Therefore, if a foundation
is placed such that its bottom surface is located above the frost line then
the foundation will move. Movement of a foundation alone will not be too
serious for a pole-mounted structure provided that the foundation does not
rotate and the foundation returns to its original elevation in the spring
when the ground thaws. However, structures other than pole-mounted
structures are severely affected by such movement for the foundations of a
complex structure would move differentially thus causing large internal
stresses in the structure not accounted for in the design. Therefore, it is
important to locate the bearing surfaces of foundations below the maximum
Tocal frost penetration. This is covered in more detail in Section 4.7.1.5.

4.5 Generic Structures

4.5.1 Types of Generic Structures

A generic structure is a schematic design for supporting an applied load.
There are a number of categories of generic structures suitable for
photovoltaic arrays. The structures included in this handbook are the
dedicated (permanent) triangular frame, portable triangular frame, and
pole-mounted structure. Figure 11 illustrates the different types of
dedicated triangular framing systems covered by this handbook, including
size limits. Figure 12 illustrates the pole-mounted system. Figures 13A
and 13B show a detailed side view of the one- and two-tier dedicated

triangular structures. Figures 13C and 13D illustrate two sample types of
portable triangular structures.

The triangular framing system is currently the most popular structure for
photovoltaic arrays. It has the advantages of simplicity of design, a
minimum number of required connections, and ease of construction,
installation, and maintenance. The main disadvantage is that this system
may prove expensive depending on availability and requirements for specific
construction materials.

The portable system is useful for the armed forces and others for whom
temporary power is required. Since the "temporary" period may extend
anywhere from a few hours to a few days, the structure must be capable of
supporting itself. The type of portable system used in this handbook
utilizes the triangular framing structure without the use of the permanent
concrete supports. There are several methods available for anchoring .the
portable structure to the ground. Among them are: (1) attaching the ends
of the columns to small T (tee) pieces (Figure 13C) which are then pinned to
the ground or covered with weights such as sandbags; and (2) connecting
frame support points A and B together with a spreader bar (Figure 13D) and
applying weight to the spreader bar. When determining the weight to be
applied to resist overturning, the amount of time the structure will be in
one place should be taken into consideration. The weight must be equal to
the uplift force calculated for the worst case condition. The uplift force
is greatest when the wind blows from behind the array, therefore the design
wind load should be increased by 25 percent (UBC Section 2311 (c)). The
beam reactions must be determined and the equations of equilibrium
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Figure 11. Dedicated Triangular Frame Systems and Size Limits
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Units: CM Unless Otherwise
Noted

A. One-Tier Structure
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FINISHED

B. Two-Tier Structure c
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MEMBER BC
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Figure 13. Generic Structural Systems
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C. Type 1 Portabie Structure

D. Type 2 Portable Structure

Figure 13. Concluded
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resolved. The weights must be able to resist the forces described in
Section 4,5.2.

Finally, the pole-mounted system is a simple and inexpensive structure for
smaller arrays. Site work and the number of members required are reduced
considerably over the dedicated triangular frame systems. It is not
feasible for large arrays or at large distances above the ground, i.e.,
greater than 4 m (12 ft) which would require significantly larger members
and poles than covered in this handbook to resist the combined loads.

It should be noted that either the dedicated triangular frame structures or
the portable frame structures might also be roof-mounted by bolting frame
support points A and B to the roof, providing the roof is sturdy enough to
support the forces exerted on the array.

4.5.2 Design Methodology

This section discusses the design methodology used for designing triangular
frame array structures. The design methodology discussed in this section is
the basis for development of the design algorithms and tables presented in
Section 4.7.

The following diagram and Figure 14B illustrate the array loading for the
one-tier structure:

Having considered the loads applied to the structure, and having determined
a generic structural system, the designer proceeds to the analysis of the
system and then to the selection of materials whose shape, size, and
mechanical properties are sufficient to resist the externally applied
loads. This requires application of Newton's third law which may be simply
stated as follows: The forces of action and reaction between contacting
bodies at rest are equal in magnitude, opposite in direction and collinear.
This is the basis of static analysis for planar structures. Practically
speaking, this means that the sum of forces in both the horizontal and
vertical direction are equal to zero and that the moment about any point on
the structure must be equal to zero. Moment is the tendency of a force
applied to a structure to rotate the structure about any axis which does not
intersect the line of action of the force. The static analysis of a
one-tier triangular structure is shown above; where R = the applied force
and A, B, C are the boundaries of the structure. The equations of
equilibrium are: y°Fx = 0,37Ry = 0,3 M7 = O.
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Since R is known and all of the geometry is known, the unknowns that must be
determined are Ay y» By, B These are forces at support points A

and B (the d1rect10n of act1%n is indicated by the subscript) required to
resist the applied force R if the structure is to remain stable. Once these
forces are determined, then members AC and BC can be designed to carry the
forces; the supports (usually concrete foundations in soil) to resist the
forces at A and B must also be designed.

Resolutions of the equations of equilibrium for the one-tier structure are
as follows:

Zhign =0=L'R-L'sy

By = R (1)
Z:Fy =0 = By + Ay - 2R cos o
Ay = 2R cos @ - R (2)
tan 8 = By/By

where
8 internal angle at support B, (180-6)/2
By = By/tan 8 By = R/tan g (3)

20Fg = 0= 2R sin e — Ay — By
Ay = 2R sin e - R/tan 8 (4)

The following diagram and Figure 14A illustrate the array loading for the
two-tier structure:

_ Resolution of tne equations of equilibrium for the two-tier structure are as
follows:

. 1 ]
Lmgp = 0= 2RL' - 2L'By
By = 2R (1)
2 Fy=0=By+Ay - 4R cos o
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Ay = 4R cos e - 2R (2)
where

B internal angle at support B

2 12 : ,
8 = arc cos (H * 1'25 L ),H = ‘[6.25 L 2 _ 6L 2 cos ©
4 HL

By = By/tan 8 By = 2R/tan g (3)
L Fy =0 =4R sin o + Ay - By
Ax = 4R sin e - 2R/tan 8 (4)

In the system chosen, the one- and two-tier structure is a frame. The
modules are attached to the beams that span the triangular frames. These
beams act as loading points on the frame.

In the one-tier structure, member AC and member BC act as columns. The
direction of the wind determines whether the member is in tension or
compression. The axial stress in the column is determined by the reaction
transmitted from the beam to the frame. As shown previously the resolution
of the equations of equilibrium results in the determination of By, By,

2
X
the actual axial stress can be computed: f,; = Fp/Ac where Fp is the

axial force and A. is the cross sectional area of the member. The members
are designed such that Fy; > f; where F; is the allowable axial stress
(dependent on the material). Both member BC and ‘member AC should be
designed for compression because buckling is more critical than tensile
strength. Member AC should be designed to withstand 1.25 times its actual
axial force (see UBC Section 2311(c)). This is due to the observation that
member AC is in compression when the wind blows from behind the modules and
uplift occurs.

Ax, and Ay. The axial force in member BC ig|B- + By. From these forces

In the two-tier structure, member BC acts as a column and member AC' acts as
a beam-column. Since member AC' is subject to both bending and axial
stresses, it must be designed in accordance with an interaction formula as
dictated by the material used. For example the interaction formula for

| f. Ty fl
steel reduces to — + < 1 when < 0.15
Fa FE'" Fa=
a
where
fa actual axial stress
Fa allowable axial stress
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b actual bending stress
Fp allowable bending stress (AISC Section 1.0.1)

The actual axial stress is found in the same manner as shown for the
one-tier structure. The actual bending stress is M/S where M is the maximum
moment developed in the member and S is the section modulus of the member.

The beams that span the triangular frames support the modules which subject
the beams to a uniform load. This situation was shown in Figure 14. For a
simple span beam the maximum moment M = WLZ/8 where W is the uniform load
and L is the span length. The beam is designed such that fp < Fp (again

f = M/S). The allowable stress in all cases may be increased by 25
percent since the major load is wind load (See UBC Section 2303 (d)).

The foundation is designed to resist overturning of the structure in
addition to horizontal sliding. According to the UBC Section 2311 (i) the
dead load resisting moment (Mg) must be 1-1/2 times the overturning moment
(Mo) calculated from wind pressure. The dead load resisting moment is
calculated from the weight of the earth over the footings of the structure.

4.6 Structural Materials Selection

4.6.1 Basic Materials

The basic materials considered in this handbook are structural steel,
aluminum, and cold-formed steel. Wood is also considered for pole-mounted
structures. These materials were chosen because they are the most widely
used structural materials. The primary criteria for material selection

are: availability and cost, maintenance, and lifetime. The major
criterion, especially for small systems, is usually the initial cost of the
system. In the case of extreme environments, however, the other criteria
may play an important role in the selection of structural materials. Before
selecting the materials to be used the designer should review the discussion

on environmental effects on structural materials given in Séction 4.4 of
this handbook.

A short description of the nature of the materials covered in this handbook
is given below.

A. Structural Steel

The amount of carbon present in steel affects the physical properties. It
may vary from O to 1-1/2 percent. Increasing the amount of carbon increases
the strength, hardness, and brittleness of steel but decreases its
ductility. Structural steels are identified by an ASTM (American Society
for Testing and Materials) designation number that specifies the steel. The
most commonly used structural steel is ASTM A36 steel, a carbon steel.

B. Aluminum

Aluminum alloy structural shapes are produced either by extruding or
rolling. Some aluminum alloys are heat treatable; others are not.
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A widely used heat-treatable wrought aluminum alloy is 6061-T6. The number
6061 identifies the alloy composition; four digits distinguishes it is a
wrought rather than a cast alloy. The "-T" shows that the metal has been
heat treated; the final "6" indicates the type of heat treatment.

C. Cold-Formed Steel

Cold-formed steel structural members are produced from steel sheet, strip,
plate or bar stock. The forming is done in a roll former or press brake.
The -specified minimum yield point is the primary criterian for strength
under static loading. Structural sections of cold-formed steel have not
been standardized. Some fabricators have developed their own structural
sections.

Cold working has an effect on the mechanical properties of ductile metals.
In general the yield strength of the steel is raised to a large degree by
cold working, the tensile strength to a smaller degree, and the ductility is
reduced. Since the effects of cold working are still obscure, the allowable
design stresses are based on the properties of the flat material before
forming.

D. Wood

The terms wood, Tumber, and timber are often used interchangeably but they
do have distinct meanings. Wood is the substance forming the trunk and
branches of trees. Lumber is the product of the sawmill. Timber is lumber
13 cm (5 in.) thick or larger. Lumber is provided by two classes of trees:
softwood (pines, firs, spruces) and hardwood (maple, oak, sycamore).
Softwood is used in structural applications such as framing. Hardwood is
generally used in flooring, paneling and furniture.

Wood is seasoned to prepare it for construction. Seasoning the wood
involves air drying or kiln drying. The results of seasoning are reduced
moisture content and an increase in strength and resistance to decay. " The
moisture content affects several mechanical and physical properties of
wood. A reduction of the moisture content increases resistance to fungi
attack and improves structural ability. The moisture content (expressed as
a percentage) is the weight of the moisture in a sample of wood divided by
the oven dry weight. Lumber decay is caused by fungi, which feed on the
cell walls. To develop the fungi require warmth, air, and moisture. When
lumber is used where moisture is present, seasoning loses its
effectiveness. To check decay substances must be introduced into the Tumber
that will poison the fungi. These substances are called wood
preservatives. The preservatives are applied in such a way that the
preservative is left impregnated in the wood. There are many methods of
application: spraying, dipping, open-tank process, and pressure. This
reference recommends pressure treatment because it is the most effective.

4.6.2 Alternate Systems and Materials

In addition to the systems and materials covered in this handbook a number
of alternate systems and materials are commercially available which may
prove cost-effective for small arrays. These include the following:
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Space Frames

Stock Framing Systems

Stock Perforated and Slotted Shapes
Plastic Shapes

Plastic Pipe and Fittings

® 600 060

A further discussion of these systems and materials is given in Appendix A
of this handbook.

4.7 Structural Design

4.7.1 Structural Design of Triangular Framing Systems

This section is divided into seven parts: the structural design procedure;
the properties and specifications sections for structural steel, aluminum,
and cold-formed steel; the foundation design specifications and information
section; the triangular framing system design figures; and the triangular
framing system design tables.

4,7.1.1 Structural Design Procedures

A. Determine W: wuniform load applied to beams. (See Figure 14.)

(a) Top and bottom beams

Wrg =P x L'/2
where
Wrg uniform load applied to top and bottom beams
P| combined load determined in Section 4.3.9
L height dimension of one module, i.e., distance between
beams

(b) Middle beam (for two-tier structures)
Wp =P xL'
where
Wi uniform load applied to middle beam
B. Determine M: the maximum moment developed in the beams.
(a) Simple span and two continuous span beams: top and bottom beams

Mrg = 1.25 Wrgl2/8

* All sizes are nominal American shape sizes in inches. Conversions to
metric units are given in Section 6.2. Metric shape sizes may not
corresponc exactly to American shape sizes.
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where

MTB maximum moment developed in top and bottom beams
L span length between support frames evenly spaced
1.25 factor for wind load reversal

Three continuous span beams: top and bottom beams
Mrg = 1.25 Wppl2/10

Four continuous span beams: top and bottom beams
Mrg = 1.25 Wrgl? x 0.1071

Simple span, and two, three, and four continuous span beams: middle
beam (two-tier structure)

Mm = MTB X 2
where
Mm maximum moment developed in middle beam

Determine R: The maximum reaction for the top and bottom beams (See

Figures 13A and 13B)
Simple span beams
RTg = Wyg x L/2
Two continuous span beams
Rtg = Wrg x L x 1.25
Three continuous span beams
RTB. = Wrg x L x 1.10
Four continuous span beams
Rtg = Wyg x L x 1.143
Determine sections to be used for top and bottom beams.
Proceed to:

Material, construction, shape and splicing notes at the beginning of
Section 4.7.1.2, then to Table III for structural steel

Material, construction, shape and splicing notes at the beginning of
Section 4.7.1.3, then to Table IX for aluminum

Material, construction, shape and splicing notes at the beginning of
Section 4.7.1.4, then to Table XII for cold-formed steel
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(b)

Find the member in the table which has the smallest value of Mpay
which is larger than Myg.

Find the weight/length for this member from the table.
Divide the weight/length by L to get weight/]engthz.
Correct the value for P which was calcuiated in Section 4.3.9.

Go back to step A and recalculate all equations using the new value of
P determined above for steps A through C; determine sections to be used
for top and bottom beams by the method described in step D, above.

If the member determined in step (f) is the same as the one previously
determined, then this is the correct member size for the top and bottom
beams. If they are not the same, repeat step (f).

Determine section to be used for middle beam (two-tier structure)
Notes for each material: |

Structural Steel

The middle beam must be a T (tee) or wide flange. It must also have
the same depth as the top and bottom beams or mounted so its top
surface is flush with the top surface of the top and bottom beams. If
the beam chosen is unequal leg angles back-to-back forming a T (tee),
the short legs should be attached to the modules. Also, if the beam is
excessively long, it will require field splicing.

Aluminum
See steel notes above.

Cold-Formed Steel

The middle beam must be two channels back to back. It must also have
the same depth as the top and bottom beams. If the beam is excessively
Tong, it will require field splicing. See Tables XVI and XVII for
schedules of different cold-formed steel shapes.

Follow the procedure given in step D above, substituting My in place
of Mtg.

Determine lengths: for members AC (AC' for two-tier structures) and BC
(See Figures II and 16).

For one-tier §tructure:

The length (L ) of member AC equals the separation distance between

the foundation supports. Given the tilt angle, e, the length of member
BC is

BC = JZL"Z - 2L"2 cos o

For two-tier structure:
The length (2L ) of member AC' equals the separation distance between
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the foundation supports. The connection of member AC' to member BC,
however, occurs at 1.5 L from point A. For this case the length of
member BC 1is

BC = { 6.25L"2 — 6L"2 cos o

Determine sections to be used for members AC (AC') and BC (See Figures
11 and 16)

Proceed to:

Table IV for structural steel one-tier
Table V for structural steel two-tier
Table X for aluminum one-tier

Table XI for aluminum two-tier

Table XIV for cold-formed steel one-tier
Table XV for cold-formed steel two-tier

Find the member in the member AC (AC') section of the table which has
the smallest value for R which is larger than Ryg. This will serve
as member AC (AC'). Repeat for member BC.

Note: The sections listed in the tables are sized for the worst case
Toad on the interior frame(s) when using the value for Ryg calculated
in step C, above, as the criterion for member selection.

Determine connection details:
The connection details may be developed from Figure 16 and the
following:

Figures 17 to 22 for structural steel.

Notes on connections at the beginning of Section 4.7.1.3 and Figure 31
for aluminum,

Note: Aluminum sections are similar to structural steel, so the
designer should refer to the structural steel connection figures.

Figures 32, 33, 34, and 35 for cold-formed steel.

Determine bracing details:

The bracing types considered in this handbook are cross bracing (single
span structures only) and diagonal bracing. Bracing members consist of
rods (tension members) and compression members. Bracing details may be
developed from Figures 23 to 30 and Table VIII.

Note: Bracing is generally not needed for structures with low tilt
angles (< 159).

Determine foundation required:

Read the General Notes for Section 4.7.1.5

Foundation for one-tier and two-tier structures:
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(4)

(a)
(1)

Turn to Tables XXIII for one-tier structures and XXIV for two-tier
structures.

Find the support point A and support point B rows corresponding to the
elevation angle o measured from the horizontal of the array.

Find the column in these rows corresponding to the smallest value of R
which is larger than Ryg. The values at the intersection of the
columns and rows are the appropriate foundation types for support point
A and support point B. In some cases there is more than one
appropriate foundation. For specifications on foundation types a, b,
and ¢ refer to Figures 36, 37, and 38 and Tables XX, XXI, and XXII.
Figures 36 through 38 illustrate the different foundation types.

Determine connection details for members AC (AC') and BC to the
foundation. Figure 39 is a side view of the foundation connection for
members AC (AC') and BC. Figures 40 through 47 are top views of the
foundation connections and base plates for various member shapes.
Details for the connections may be developed from these figures and
Tables VI and VII (for structural steel) and Tables XVIII and XIX (for

cold-formed steel). See Section 4.7.1.3. for information on aluminum
connections.

If more than one row of structures are used for the application,
proceed to Section 3.5.1 and follow the method given to determine row
spacing to avoid shading.

If a portable (as opposed to dedicated) array structures is to be
utiTized for the application, proceed as follows:

Determine anchoring requirements for portable structure due to wind.

For one-tier structure, uplift and lateral loads at support points A
and B due to wind are:

B. =R /tan B8

B =R
] 1
A =2R sine - R [tan B

A = 2RI CoS 6 - R'

where all quantities with a prime refer to the portable structure and
where

e tilt angle
B internal angle at support point B between member BC and
Xhe gog1zon al reference passing through support points
and B
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(2)

(3)

B,, A lateral loads at support points A and B due to wind

- -

B, A uplift loads at support points A and B due to wind

X
]
y
R maximum reaction for the top and bottom beams due to wind

For two-tier structure, uplift and lateral loads at support points A
and B due to wind are:

'
B

« = 2R'/tan B

] 1
B. = 2R

)ll ] ; ]
Ax = 4R sin e - 2R /tan 8
¢ ] ]
A = 4R cos ¢ - 2R

y

Determine W': uniform windload applied to top and bottom beams.

W' = wind load x L'/2
where
L' height of one module

Determine R': the maximum reaction for the top and bottom beams due
to wind.

Single span beams

R' = W'L/2
where

L span length between support frames
Two continuous span beams

R'=W' x L x1.25
Three continuous span beams

R" = W' xL x 1.10
Four continuous span beams

R'= W' x L x1.143

Determine uplift and lateral loads at B due to wind using the equations
in step L.(a)(1) or L.(a)(2), above as appropriate.

Determine uplift and lateral loads at A due to wind using the equations
in step L.(a)(1) or L.(a)(2), above as appropriate.

The weight or other anchoring mechanism requirea at support point B is
] [}
that necessary to resist both uplift (By) and sliding (Bx) due to wind.
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(8)

(9)

The weight or other anchoring mechanism required to support point A is
that necessary to resist both uplift (Ay) and sliding (AX) due to wind.

Anchoring of portable structures:

One method for anchoring portable structures is to connect support
points A and B together with spreader bars and then apply weights, such
as sand bags, to the spreader bars (Figure 13D) to provide resistance
to overturning and/or sliding due to wind. In this case, the weights
should be concentrated as nearly as possible to the support points A
and B. To determine the sections to be used for the spreader bars,
calculate the maximum moment for the spreader bars as follows:

Mn = d x up

where

Mm maximum moment for spreader bar
d distance between support point (A or B) and point where

weight is applied to spreader bar (i.e., the moment arm)
Up maximum uplift load due to wind (i.e., the greater of

] ]
B, and
y and Ay)

Determine sections to be used for the spreader bars as follows; proceed
to:

Table III for structural steel

Table IV for aluminum
Table V for cold-formed steel

Find the member in the table which has the smallest value of Myax
which is larger than the My calculated for the spreader bar.

Connection of the spreader bars to members AC (or AC') and BC should be
equivalent to frame connections at C.

Another method for anchoring portable structures is to connect support
points A and B to T (tee) pieces or plates and then anchor them to the
ground or other structures with weights, pins, stakes, screws, or bolts
(Figure 13C). In this case, the weights, pins, stakes, screws, or
bolts used for anchoring shall be sized to resist both uplift and
sliding due to wind. Connection of the T (tee) pieces or plates to

members AC (or AC') and BC should be equivalent to those for dedicated
structures.

Note: If portable structures are to be left in one place for a year or
more it is recommended that the weights or other anchoring mechanism be
sized to provide 1-1/2 times that required to resist uplift and
sliding. In addition, if the structure(s) are to be relocated to sites
outside the Tocality for which they were designed, they should be
reevaluated for the wind conditions for the new site.
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4.7.1.2 Properties and Specifications for Structural Steel

Design, fabrication, and construction shall conform to the AISC Manual of
Steel Construction, 8th Edition.

A. Materials
Steel shapes, plates, and rods shall be ASTM A36%*.
Steel pipe shall be ASTM A501.
Welds and welding symbols shall conform to AWS Standaras; the required
electrode shall be AWS A5.1 or A5.5, E70XX; or AWS 5.20, E70T-X as
required by AWS.
Bolts and nuts shall be ASTM A307 unless indicated otherwise.

B. Construction

A1l steel shall be shop painted as specified by the AISC. After
erection, all exposed steel shall be touched up as required.

C. Structural Steel Beam Splicing Details

The planar beam tables assume that the two, three, and four-span beams
are continuous over the supports, i.e., the flexural moments are
transferred over the supports. The longer array structures will reach
lengths that are impractical to obtain. It will therefore be necessary
to provide moment and shear splices as shown in Figure 17.

Splices can be made anywhere, but practical and structural considera-
tions would dictate the following considerations:

(a) Use as few splices as possible

(b) Plan for equal lengths in beam pieces to be spliced

(c) Try to avoid splices in areas of maximum flexural stresses, i.e.,
at mid span and over supports.

The moment spiices in this handbook are designed to transfer the full
moment and shear capacity of the structural sections.

4.7.1.3 Properties and Specifications for Aluminum

Design, fabrication, and construction shall conform to the Aluminum
Association's Aluminum Construction Manual, (Section 1, Specifications for
Aluminum Structures) and ATuminum Soldering Handbook.

A. Materials

Aluminum shapes, plates, and rods shall be alloy 6061-T6.

*ASTM A242 or A588 may be substituted where high corrosion resistance is
required.
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Bolts shall be alloy 2024-T4.
Nuts shall be alloy 6061-T6. ASTM B316.

Anchor bolts and nuts shall be ASTM 479 or ASTM A307 (must be painted
after erection). ASTM B211,.

Soldering shall be zinc-base of reaction type flux.

Base plates shall be ASTM A36 (must be painted), or stainless steel
ASTM A666 B, or weathering high strength low alloy steel ASTM A242.

Construction

Finishing is not necessary; application engineer may wish to have
aluminum anodi zed.

Structural Aluminum Beam Splicing Details

The notes and figures for steel beam splicing are applicable to
aluminum. Aluminum is soldered where the steel is welded.

Structural Aluminum Frame Connection Details

One-Tier Structure

Top or Bottom Beam and Support Connection

The connection diagrams are the same as those for steel. The bolt
connecting the beam to the clip angle is to be 1.27 cm (1/2 in.)
diameter for R < 29356.8 N (R < 6.6 kips) or 1.58 cm (5/8 in.) diameter
for R > 29356.8 N (R > 6.6 kips). One bolt is required at end support
and two bolts are required at inner support. When top beam is a wide
flange, use a 1.27 cm (1/2 in.) diameter bolt in place of 1.58 cm (5/8
in.) diameter bolt used in steel. A 1.27 cm (1/2 in.) bearing plate is
to be used for this connection. Always solder when steel diagram
specified weld. This beam connection is valid for one- or two-tier
structures.

The support connection may be soldered or bolted. It-may be bolted for
the following cases only:

diameter
cm in. N kip
1.27 1/2 12009 2.7
1.58 5/8 17792 4
1.9 3/4 26688 6
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(b)
(1)

(3)

Note: Edge distance (distance from center of bolt to edge of material)
= 2 x diameter of bolt. Distance between the center of two bolts = 2.5
x diameter of bolts.

Figure 31 illustrates the support connection when member BC is a pipe.

Bracing and Bracing Connections

Bracing and bracing connections are the same as for steel, except use
0.5 cm (3/16 in.) aluminum plate in place of the 0.4 cm (1/8 in.) steel
plate for the Type 3 connection illustrated in Figure 25.

Foundation Connections at A and B
These connections are the same as those for steel, except substitute
aluminum in place of the steel plates. Specify solder in place of weld.

Two-tier Structure

Top or Bottom Beam
This connection is the same as that for one-tier structures.

Middle Beam
When beam is a T (tee) section, connection is the same as for steel.
Bolt table changes are:

Number Inner span Number End of span
of Bolt Rmax of Bolt Rmax
bolts diameter bolts diameter
cm in. N Kip cm in. N Kip
1 1.27 | 1/2 6672 | 1.5 1 1.27 | 1/2 |14678 | 3.3
1 1.58 | 5/8 | 11120 2.5 1 1.58 | 5/8 |23129 | 5.2
1 1.9 3/4 | 16457 | 3.7 1 1.9 3/4 |33360 ] 7.5
2 1.58 5/8 22684 5.1
2 1.9 3/4 | 333601 7.5

When beam is a wide flange, connection is the same as for steel, except
use 0.95 cm (3/8 in.) bearing plate in place of 0.64 cm (1/4 in.) for
steel, and use 1.27 cm (1/2 in.) diameter bolt in place of 1/58 cm (5/8
in.) diameter bolt for steel. Specify solder in place of weld.

Support Connection

When member AC' is a wide flange, connection is the same as that for
steel; the only difference is member BC is never a wide flange, only
angle or pipe. Specify solder in place of weld.

When member AC' is an angle or channel, connection is the same as that
for steel. Optional bolt table changes are:
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(5)

Number Bolt Rmax
of diameter

bolts cm in. N kip
1 1.27 | 1/2 9340 2.1
1 1.58 | 5/8 14678 3.3
1 1.9 3/4 21795 4.9
2 1.58 | 5/8 29801 6.7
2 1.9 3/4 43590 9.8

Note: Edge distance (distance from center of bolt to edge of material)
= 2 x diameter of bolit. Distance between the center of two bolts = 2.5
x diameter of bolt.

Bracing and Bracing Connections

Bracing and bracing connections .are the same as for steel, except use
0.5 cm (3/16 in.) aluminum plate in place of the 0.4 cm (1/8 in.) steel
plate for the Type 3 connection illustrated in Figure 25.

Foundation Connections at A and B

These connections are the same as those for steel, except substitute
aluminum in place of the steel plates. Specify solder in place of weild.

4,7.1.4 Properties and Specifications for Cold-Formed Steel

Design, fabrication, and construction shall conform to the AISI Cold-Formed
Steel Design Manual, 1977 Edition.

A.

Materials

Steel shapes shall have a minimum yield point of 33 ksi. ASTM A245 C,
ASTM A446 A, ASTM A570 C, and ASTM A611 C may be considered.

Welds shall be A233 E60; weld rods and electrodes shall conform to
specifications as required by the AWS.

Bolts and nuts shall be ASTM A307.
Angles, plates and rods shall be ASTM A36.

Construction

A1l steel shall be shop painted as specified by the AISC. After
erection all exposed steel shall be touched up as required.

Connection of Two Channels Back-To-Back

There are to be two rows of 0.64 cm (1/4 in.) diameter bolts as shown.

in the sketch below. Spax is maximum allowable spacing of bolts.
The distance between rows of bolts is determined by depth of channel.

The following specifications apply to ASTM A307 bolts. Other possible
69



(a)

(b)

connectors are rivets, spot welds, or self arilling/self tapping sheet
metal screws; a structural engineer must be consulted for appropriate
spacing of these alternate connectors.

Beams and member AC

At supports Spax = 2.54 cm (1 in.)

Between supports Spayx is the smaller of L/6 or 83.82 cm (33 in.)
where

L span length of beam

or

L = 3L'/2 for member AC
and

L' nominal distance between beams
Member BC

Use Table XIII.

4.7.1.5 Foundation Design Specifications and Information Section

The following general notes are to be followead:

A.

A1l design, fabrication and construction shall conform with the
pertinent specifications of the American Concrete Institute's (ACI)
Manual of Concrete Practice, 1977 Edition.

Steel reinforcing bars shall conform with ASTM 615 and be grade 60
("Euronorm" grade 50).

Concrete strength shall be approximately 2070 N/cmé (3000 1b/in.2)
at 28 days and contain 6 percent air-entrainment. Mix proportions

shall conform with ACI 211. Air-entrainment admixtures shall conform
with ACI 212.-

Concrete aggregates shall conform with ACI 221 (ASTM C33).

Cement shall be portlana cement conforming with ASTM C-150, type I or
type III.
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Earth forms may be used where practical, except that foundation Type b
shall have plastic film (ASTM C171) placed on both sides of the earth
form and at the bottom prior to concrete placement to prevent migration
of water from concrete to earth.

Wood or metal forms may be removed after one day and continuous
moisture curing shall continue for not less than seven days.

Curing shall conform with pertinent ACI standards.

Photovoltaic array and structure shall not be erected until after
seventh day of concrete placement. :

Founaations depicted in this handbook are to be used in lieu of a soil
investigation and foundation recommendation, and, consequently are
Tikely to be in some cases overly conservative. Nevertheless, for
earth of organic clays and peat (soil classifications PL, OH, PT) the
foundations given in this handbook may be inadequate, and a soil
investigation should be obtainea.

The soil design criteria used for the foundations depicted in this
handbook for clay, sandy clay, silty clay and clayey silt (CL, ML, MH
and CH) with presumptive allowable bearing pressure = 47,880 N/m?
(1000 psf), presumptive allowable lateral bearing pressure =

15,710 N/m2 per meter of depth (100 psf per foot of depth) of natural
grade, and a presumptive lateral sliding resistance = 6,225 N/m2

(130 psf).

Massive crystalline bedrock, sedimentary and foliated rock,
sand/gravel, gravel, sand, silty sand, clayey sand, silty gravel, and
clayey gravel (SW, SP, SM, SC, GM, GC) all constitute soils of better
quality than those for which the handbook founaations were designea.
Therefore, the applications engineer may wish to have site-specific
foundations designed by a professional civil/structural or soils
engineer when the structure is to be sited on rock to save excavation
and other costs. However, for soils other than massive bedrock the
foundations depicted in this handbook, though conservative, would be
little affected by better soil conditions since the foundations have
been sized first for uplift and secondly proportioned for lateral loads
and overturning, i.e., the foundation would be 1ittle affected in terms
of volume of concrete required. In either case, should better-soil
conditions be present the best that could be hoped for would be
elimination of the shear key and a more square-shaped foundation.

Backfill material may be on site material but must be soil or soil-rock
mixture which is free from organic matter and other deleterious
substance; it shall contain no rocks or lumps over 15 cm (6 in.) in
greatest dimension and not more than 15 percent of the rocks or lumps
shall be larger than 6.35 cm (2-1/2 in.) in greatest dimension.
Backfill shall be placed in approximately 15-cm (6-in.) 1lifts and
compacted. Compaction shall be at Teast 90 percent of standard
proctor. (ASTM Designation D-698).
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Figure 15. Extreme Frost Penetration, Inches Based on State Averages

Overexcavation: Should overexcavation occur, the overexcavation area
shall be backfilled as indicated in item M above.

Cast-in-place auger piles may be earth formed proviaed there is no or
Tittle caving in of the earth walls. Should caving in occur, then
forms shall be used.

Dewatering: Foundations shall not be placed when excessive water is
present. Dewatering of foundation site will be required when water is
present. v

In all cases the bottom of the foundation, not including the shear key,
i.e., the foundation's vertical load bearing surface, shall be placed
below local frost penetration. The designer should consult the local
building code for the required minimum depth for foundations. In lieu
of a local building code requirement, the designer should place the
foundation of the structure below the extreme frost penetration
indicated in Figure 15 for sites located within the continental U.S.
For sites located outside the continental U.S. refer to Section 7.5 of
this hanabook for frost penetration at selected locations. For sites
not covered in either Figure 15 or Section 7.5 (e.g., Southern
Hemisphere sites), the designer will need to obtain frost penetration
data from the local area or from other sources.

The foundation design tables of this handbook provide optional pedestal
heights, i.e., heights above grouna, of 15.2 cm to 76.2 cm (0.5 ft to
2.5 ft). This allows optional height selection of the foundations for
snow, flood, row stepping to minimize shading in multiple row array
layout designs, or for aesthetic considerations. There is also the
option of designing the foundation for a particular pedestal height,
then burying the foundation the height of the pedestal.

4.7.1.6 Design Figures for Triangular Framing Systems

This section consists of figures used to design triangular framing systems

of the types covered by th]S handbook. Dimensions are in cm unless
indicated otherwise.
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Units: CM Unless Otherwise

Noted
N\
@?V»
N DETAILS PROVIDED IN
SUBSEQUENT FIGURES
Q / IN THIS HANDBOOK
° v C (TYP)
a7
€94 /§§9 A. One-Tier Structure
< /
& skéé/
é§§y/ ‘§Pg///
S qgr//// MEMBER AC MEMBER BC
/ Q/\Q
?)\ -
A Q—=ﬁ§;
: B
9 (156 10 76607
A= = (TYP)
g FINISHED -~
o K GRADE 3
& | FROST Wy |
LINE - |
lp=b_L% pg = AC =L

DETAILS PROVIDED IN
SUBSEQUENT FIGURES
IN THIS HANDBOOK

. (TYP)
Two-Tier Structure

15(6*) TO 76(30")
(TYP)

FINISHED
GRADE LRTE

AB = AC' = 21"

Figure 16. Dedicated Triangular Frame Structural Systems
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A.  For Channel, Angle or W Shapé

BACKING BAR IF REQUIRED DUE
T0 FLANGE A@REB THICKNESS

INVERT JOINT PREPARATION IF BEAM
CANNOT BE TURNED OVER

B.  For WT Shape

LENGTH OF WELD DIMENSION

PITCH (C. TO C. SPACING)
OF WELDS DIMENSION

WELD ALL-AROUND SYMBOL
FIELD WELD SYMBOL—

SIZE DIMENSION
REFERENCE LINE]

SPECIFICATION, PROCESS
-~ OR OTHER REFERENCE

TAIL (MAY BE OMITTED J
IF INO REFERENCE USED)

BASIC WELD SYMBOL B FILLET
OR DETAIL REFERENCE
V TYPE
BUTT WELD

Figure 17. Structural Steel Beam Splicing Details
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Units: CM Unless Otherwise Noted

BOLT TABLE
| REACTION | ANGLE | BOLT
See figures < LEG | DIAM. (¢)

B & C below X X oM | IN | m

N
) 3
0.6 (1/4") BEARING 8896 [ 2 | 6.4 127 [ 10 [ (1)
PLATE (MAY BE OMITTED .
FOR W-W CONNECTION) | B89 b (2)

2

TR N PR I B RN L))
1, | s s, (2)

rs3 | 4 |es|al, %

~
-~
w
-—
w

8 ‘{1 Stee) Type ASTH: A-325
& 2) Steel Type ASTM: A-307
N <&
S

4d/g¥ 56

MEMBER BC (CONNECTION FOR ONE-TIER

7 0
MEMBER AC (AC') STRUCTURE ONLY)

(MAY BE L, C, OR W
SECTION FOR THO-  /
 TIER STRUCTURE)

FOR ANGLES %/ 2*
LEGS & SMALLER

OPTIONAL: BOLT 0.4¢17g)
PERMITTED IN LIEY FOR ANGLES W/ LEGS
OF WELDS}REFER T0 0.4cl7gy V" \GREATER THAN 2°

TABLE AT RIGHT

A. Beam Connection Detail at C, Side View.

0.4¢17g") STIFFENER e

. PLATES———
1 N~ : !

,0.6(17," 0.4 (1/8") STIFFENER
!

WTYP. \ PLATE
7 \

\‘

-~ L "
} g — ik
e T ~—— 0.6d/,n .
V I BEARING PLATE— 7 -
. ; = o
& }:_ 0.4¢17gm - B"
stz e, TSk u(tlz" TP
&—lﬁnn(slg') # BOLTS 16m1(>/g") BOLTS .
JOINT PERMITTED FOR SIKPLE 4 REQUIRED 2 PEQUIRED
SPAN BEAMS QHLY. PROVIDE \m\J
STIFFENER PLATES AT END OF L
EACH BEAM AS SHO:H
B. Beam Connection Detail at C, C. Beam Connection Detail
Front View at Interior at C, Front View at End
Support. Support.

Figure 18. One- and Two-Tier Structural Steel Frame Connection Details
for W Section '
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Units: CM Unless Otherwise

Noted
N\ = IF KT SECTION
1'3‘1/z>// USED BOLT TABLE
,/;{ - REACTION | ANGLE | BOLT
See figures 1.9C/,") MAX. < LEG | DIAM. ($)
B & C below AN ZXﬁ'é’E’Aﬁ? | x| o] [ m] n
M. eme [ 2642l [0 [% )
/7 (L3x3xI%) MIN. cLIP To| cess | 2 |2.7] 3 | 13 15 (2)
///// v BE USED w3273 |6 %@
BOLT AT - 1 5
. 17793 | 4 |'8.9 3% | 16 |% (2)
‘ ‘..} ?}suurnniﬂmﬁtz?‘
> 2) Steel Type ASTM: A-207
0.4¢7g) V7,53

MEMBER AC (AC') .
(MAY BE L, C, OR
W SECTION FOR TWO-
TIER STRUCTURE)

- QET%R BC (CONNECTION FOR ONE-TIER STRUCTURE

A. Beam Connection

Detail at C, Side

View.
OPTIONAL: BOLT & sacm 17 FOR ANGLES W/

PERMITTED IN LIEU 473 2" LEGS & SMALLER

OF WELDS3REFER TO a7~ FOR ANGLES W/

TABLE AT RIGHT 0.4¢7g) EGS GREATER THAN 2*

4t/ - 7.5GmMIN

16ms(>/g") 9 BOLT IF R < 6K

203/, B BOLT IF R > 6K < 8K
| haly

10m4(3/g™) @ BOLT FOR L 2x2xl/g ONLY
12m4(1/5") 9 BOLT FOR L 21/px 2x1/g ONLY

|~

\ . .,//'”*_ — . 4 — -
[ :/ /i/ ~ : /) \
A
S2hal ha

0.4(1/5") 6AP PERMITTED FOR

SIMPLE SPAN BEAMS ONLY

B. Beam Connection
Detail &t C, Front
View at Interior
Support.
Figure 19,

I—-0.4(1/8') TYP,

0.4(}/g" TYP,—=
BOTH SIDES

:
DM

[hdnbd

C. Beam Connection

Detail at C, Front
View at End Support.

N

One- and Two-Tier Structural Steel Frame Connection Details for

Angle or WT Section
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Units: CM Unless Otherwise

Noted
1,9C/, max. BOLT TABLE
See figures REACTION | ANGLE { BOLT
B & C below STANDARD < LEG | DIAM. (g)

GAUGE MIN. =

K| o[ m] In
Y 3
s 2 saldl, [0 [FHm
16 so96 | 2|7.7[3. [ 13|
MIN. CLIP TO .
BE USED | 3|77l |6 %@
1793 | ¢ |89

Y, | 16
B T nnrfn.dﬁﬁadu
0.4/ V7.5:3m 2) Steel Type ASTH: A-307

MEMBER BC
(CONNECTION FOR ONE-TIER
STRUCTURE ONLY)

54 42)

J‘ PHOTOVOLTAIC
/ MODULE

MEMBER AC (AC')
(MAYBE L, C, ORW
SECTION FOR TWO-
TIER STRUCTURE)

A. Beam Connection Detail at
/// C , Side View
FOR ANGLES W/ 2*
OPTIONAL: BOLT -
PERMITTED IN LIEU 0.4(l/gl/” \LEGS & SMALLER
OF WELDS *REFER T OR ANGLES “/ LEGS
TABLE AT RIGHT 0.4¢4/9) REATER THAN 2*
5,
‘ 20m(3/," # BOLT IF R > 6K < 8K
A\
\ N
|
\ A\
v 3 T\ \N l _____ 4
£ B' Lo uczgny TP —@é -
0.4(1/g") GAP PERMITTED FOR HE ’ L =7 N SE
SIMPLE SPAN BEAMS ONLY G
0.4¢l/g" TYP, —=
BOTH SIDES
h S|
B. Beam Connection Detail at C, C. Beam Connection Detail at C, )
Front View at Interior Support Front View at End Support

Figure 20. One-and Two-Tier Structural Steel Frame Connection Details
for Channel
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Units: CM Unless Otherwise

Noted
T~ rmorowLTac
e moDuE BOLT TABLE
WT SECTION
OR BACK-TO-BACK ANGLES REACTION ANGLE BoLt )
1.9C7," M o TxTot [T "

89 6.4|2) B0
STANDARD (6| 2 e4zl 0 R )

GAUGE MIN. o[ 2|77|3 [13|%@
L 33/ ¢ w33 e %@

MIN. CLIP wrss | 4 [sg|al, | 16 |5 )

T0 BE USED 1) Steel Type ASTH: A-325
2) Steel Type ASTH: A-307

See figures
B & C below—

[/ 4
0.8/ " 7537

MEMBER AC'
(MAY BE L, C,
OR W SECTION)

A. Beam Connection Detail at C, Side View.

16m(%") ¢ BOLT IF R < 6K
20m(%") ¢ BOLT IFR > 6K < BK
10mr(3") 8 BOLT FOR L 2x2xg ONLY

( A / 125" 8 BOLT FOR L 2%x 2x ONLY

v Ei i 7 \\\
i %}{
I
— S i R —_—
/ L Z

0.4(1/3~> GAP PERMITTED FOR ’ ,
MEMBER AC
SIMPLE SPAN BEAMS ONLY MEMBER AC

sl 7500 41z,
f—

0.4¢1/7g") TYP.—=

B. Beam Connection Detail at C, BOTH SIDES
Front View at Interior . )
szggorz. W C. Beam Connection Detail
at €, Front View at End
Support.

Figure 21. Structural Steel Frame Connection at Center Beam
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Units: CM Unless Otherwise

/iz;Q\\_—_ Noted

0.4cl7gm TP,

MEMBER AC' (L
OR C SECTION)

MEMBER BC (L
OR C SECTION)

BOLT TABLE
REACTION | ANGLE | BOLT
< LEG | DIAM. (¢)

ko[ m | w ]
2 [ 6al2l [ 20 % M
o6 | 2773 |13 |% @
3
'

OPTIONAL: BOLT(S)
PERMITTED IN LIEU
OF WELDS;REFER TO

TABLE AT RIGHT 13304 17)3 |6 %@
9 8.9 3% | 1 |%42)

Connection at C When AC is Angle or Channel [ TT]Steel Type ASTH: A-325
2} Steel Type ASTM: A-307

137, # BoLTS
y ReqfIRED

0.8(1/," x FLANGE WIDTH
x (MEMBER DEPTH + 9(31/,"))
BEARING PLATE

MEMBER AC' (W
OR C SECTION)

2.2(7/o*) FROM EDGE
BOTH DIRECTIONS

2.2 1M

MEMBER BC (W, L, C, OR
TS SECTION OR PIPE)

Connection at C When AC is W or C Section

Figure 22. Two-Tier Structural Steel Connection of Member AC
To Member BC
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TWO-TIER BRACING STRUT

VN LA
\ \
\ ) TWO-TIER FRAMING MEMBERS
ONE-TIER FRAMING MEMBERS
MEMBERS BC

DIAGONAL BRACING MEMBERS

Bracing Diagram for 1 Bay, One- and Two-Tier Structures

TWO-TIER BRACING STRUT

TWO-TIER FRAMING MEMBERS

Bracing Diagram for 2 Bay, One- and Two-Tier Structures

TWO-TIER BRACING STRUT
N
\
\ NN \r TWO-TIER FRAMING MEMBERS

ONE-TIER FRAMING MEMBERS
\————MEMBERS BC
DIAGONAL BRACING MEMBERS

Bracing Diagram for 3 Bay and 4 Bay, One- and Two-Tier Structures

Figure 23. Bracing Diagrams
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Units: CM Unless Otherwise
Noted

MEMBER BC

Omu /" )9 ROD

L 1'% 17;% /g
1(1'/,")LONG

10mM COURSE THREAD
(3/"N.C. THREAD) NUTS

:><ji;/,/ WITH LOCK WASHERS

¥
——— FROM BOTTOM OR TOP OF
MEMBER BC, DIMENSION TO
BE AS REQUIRED FOR
WORKING CLEARANCE BUT
NOT TO EXCEED 15(6")

FROM BOTTOM OR TOP OF . ] )
MEMBER BC, DIMENSION TO Figure 24A. Diagonal Bracing

BE AS REQUIRED FOR Connection Detail Type 1

WORKING CLEARANCE BUT
NOT TO EXCEED 15(6")

,/———-MEMBER BC (INTERIOR LOCATION)

TP,

- i 0.4 /)

¥
o

Wy X

—10m# COURSE THREAD

(/g"N.C. THREAD)

23>, NUTS WITH LOCK ——
WASHERS

10mM( /"% ROD

%;’i"’," — L 1]]/2')( l]/z'x l/8')(
4 (1'7,"LONG

Figure 24B. Diagonal Bracing
Connection Detail Type 2
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FROM TOP OF MEMBER BC,
DIMENSION TO BE AS REQUIRED
BY WORKING CLEARANCE BUT
NOT TO EXCEED 15(6")

L 1'%,
41/,

Units: CM Unless Otherwise
Noted

——IF FLANGE OR LEG < 9(3%")
USE BRACING CONNECTION TYPE 2 OR
USE BASEPLATE WELDED TO MEMBER BC

—L %‘/; x 17, x 5
41/, LONG

y,/"“lOMM COURSE THREAD

(/g" N.C, THREAD) NUTS
WITH LOCK WASHERS

10MM(*/g" ¢ ROD

FROM TOP OF MEMBER BC, DIMENSION

— 0.4 (1/8") PLATE (OPTIONAL)

TO BE AS REQUIRED FOR WORKING CLEARANCE

BUT NOT TO EXCEED 15(6")

Figure 25.

8MM(]/4")¢ ROD (NOT NEEDED FOR TUBES)

1004 x 52 x 0.8('/,"
THICK PLATE

Diagonal Bracing Connection Detail Type 3

MEMBER BC
(INTERIOR
LOCATION)—

v

x 1, x g
LONG. ‘

10mm/g" 8 ROD

10Mm COURSE THREAD
¢/g"N.C. THREAD) NUTS
WITH LOCK WASHERS

Figure 26. Diagonal Bracing Connection Detail Type 4 for Pipes and Tubes
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Units: CM Unless Otherwise
Noted

Yl
] L MEMBER BC

l/l/f-*é — 7 ol W (ne.
|/// \\ 10mM(%/g")8 ROD

///(x \:y\~\2.5(1")

| / | BRACING ROD MAY BE
, //ﬂ/ SHIFTED AS THE
/,(77/ DINENSION OF MEMBER

BC INCREASES

Figure 27. Diagonal Bracing Connection Detail Type &

LENGTH OF MEMBER BC's FLANGE OR LEG
PLUS 1.3(]/50 FOR WELDED STRUCTURES

MEMBER AC”

LOCATION OF COMPRESSION OR TENSION MEMBER
WHEN COPING OF THAT MEMBER IS REQUIRED.

OPTIONAL CLIP ANGLE, TO BE SIZED ACCORDING TO THE
FLANGE OR LEG DIMENSION AND THICKNESS OF THE COMPRESSION/
TENSION MEMBER. LENGTH TO BE 4(1'/,") FOR ONE 10mu(%/g")
BOLT AND 6(2'/,") FOR THO 10mm(-*/5") BOLTS

TP,

0.4('/g"

LOCATION OF COMPRESSION OR TENSION MEMBER WHEN
AN COPING IS NOT REQUIRED
0.4(7gn ]/ \P.

MEMBER BC
~——--———INDICATES FLANGE OR LEG

Figure 28A. Horizontal Bracing Strut Connection Detail Type 1 for
’ Two-Tier Single Span Structures
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Units: CM Unless Otherwise
Noted

0 /
\w - V\TYP.
0.4C/" MEMBER AC' (L OR C SECTION)

LOCATION OF COMPRESSION/TENSION MEMBERS
WHEN COPED

—LOCATION WHEN NOT COPED

45)——————————[;;r—<1vp
0.4(/g"

-
- _q-\- —— OPTIONAL CLIP ANGLE SEE TYPE 1
- === == ==/===1—— OCATION OF BOLT(s)
/ | N ——
—_—— 2

Figure 28B. Horizontal.Bracing Strut Connection Detail Type 2 For
Two-Tier Single Span Structures

¥8

MEMBER AC(WIDE FLANGE SECTION)

y,
TP,
/,///"E>A'O.u<‘/8")L/ \

=
_— N7 STIFFENER PLATE; PLATE THICKNESS TO BE EQUAL TO THE
= : WEB THICKNESS OF THE COMPRESSION/TENSION MEMBER.

N\ STIFFENER PLATE TO BE COPED AS REQUIRED

COMPRESSION/TENSION MEMBER

| THROAT[IF DEPTH OF BRACING MEMBER EXCEEDS
| pepTH THROAT DIMENSION,BRACING MEMBER SHALL
BE COPED AND MOURTED FLUSH WITH THE TOP
OF MEMBER AC
}-|—CROSS-HATCHING INDICATES LOCATION OF BRACING MEMBER
WHEN DEPTH IS LESS THAN THE THROAT DIMENSION OF

F s L ! 31%\\\ MEMBER AC
| _|=F=" R STADARD GAUGE MIN.
s < 10w COURSE THREAD (/" N.C. THREAD)

NUT(s) AND BOLT(s)

Figure 28C. Horizonta].Bracing Strut Connection Detail Type 3 For
Two-Tier Single Span Structures



Units: CM Unless Otherwise

Noted
. [ PERBER AC'
“2L" (BUT ABOVE MEMBER BC CONNECTION) ———— .
%—% //M/
0.4¢'/g) ]
L1/, x 1/, x Vg x
/_ 4(1'/,")LONG
1 A 10m1 COURSE THREAD

(3/g"N.C. THREAD) NUTS
@j WITH LOCK WASHERS

igure 29, Horizontal Bracing Strut Connection Detail Type 1 for Two-Tier
Two, Three, and Four Span Structures

10m1(%/g") ¢ ROD

|

K
%— (BUT ABOVE MEMBER BC CONNECTION)

!
/— MEMBER AC’ (INTERIOR LOCATION) A
‘ f 0.4V .
/m/l/ TRETRCR ' R
' =/

* L }1/"2 X 11}2 X 1;8 X
! / 41 7,*) LONG

10m( ¥/5")8 ROD

————10m4 COURSE THREAD—/

(/5" N.C. THREAD) NUTS
WITH LOCK WASHERS

Figure 30. Horizontal Bracing Strut Connection Detail Type 2 for Two-Tier
Two, Three, and Four Span Structures

Note: 1) When member AC' is a C, 2C, or W section, use Figure 25 with
connection rotated to horizontal position.
2) When member AC' is a pipe or tube, use Figure 26 with
connection rotated to horizontal position.
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MEMBER AC
(L SECTION)

MEMBER BC
(PIPE SECTION)

A. Connection at C Where Pipe Diameter (¢) Is
Less Than Angle Leg.

CLEARANCE AS

REQUIRED BY

il

HEEL RADIUS l——
L

MIN, OVERHANG AS

REQUIRED BY TOE

& HEEL RADII OF
- THE ANGLE

SOLDER ALL-ARGUND

| j+— MEMBER BC

MEMBER AC
(L SECTION)

SEE TABLE BELJ Y

CAP PLATE—}-

r~—MEMBER AC

Tp— SOLDER FILL

AN

SOLDER ALL-AROUND

- e——MEMBER BC

B. Connection at C Where Pipe Diameter (¢) Is
Greater Than or Equal to Angle Leg.

CAP PLATE SCHEDULE
REACTION PLATE

< THICKNESS
N K [ o [
2224 0.5 [0.635| 4,
4es | 110,95 | %
8% |2 |L27 | %
vre2 |y |19 | %
6688 | 6 |22 | g
35584 | 8 [2.54 | 1

Figure 31. Structural Aluminum Frame Connection Details
for Pipe to Angle Connection at C
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LOCATION OF CONNECTION AT C
FOR TWO-TIER STRUCTURE

LIMIT OF MEMBER AC,
ONE-TIER STRUCTURE

MEMBER AC (AC')

/
; TYP.
0.4l
MEMBER BC

N gPTIONAL: BOLTS MAY

BE USED IN LIEU OF
WELDS FOR THE FOLLOWING
CONDITIONS ONLY:
12mm( %, ")BOLT FOR

R= 6227 N(1.4K),

16mM( %")BOLT FOR

R= 9340 N(2,1K),

20MM(%7,") BOLT FOR
R= 13344 N(3K)

Figure 32. Cold-Formea Steel Support Connection at C for Single Channel
Member AC and Single Channel Member BC



88

PLATE THICKNESS FOR
ONE TIER STRUCTURE

0.8(%"),

TWO-TIER STRUCTURE
13(Y,") ;BEARING

MAY BE ELIMINATED

IF STRUCTURE DIMEN-
SIONS PERMIT SHOP
FABRICATION OR CERT-
IFIED WELDER IS
AVAILABLE AT THE
CONSTRUCTION SITE

Units: CM Unless Qtherwise
Noted

LOCATION OF BOLTS FOR

2 BOLT
/ CONNECTION
) /4 BLT

CONNECTION
s—6 BOLT

.},' CONNECTION
XA/ —8 BOLT
CONNECTION

0.8('") FOR

LOCATION OF CONNECTION AT C
FOR TWO-TIER STRUCTURE

LIMIT OF MEMBER AC, VY

ONE-TIER STRUCTURE /,
" ’i WELDING
L'=LENGTH MEMBER AC- CLEARANCE.
EQUAL
MEMBER AC (AC') 1%, BOLT #s
2%3BOLT #'s
BOLTING TABLE FOR SUPPORT CONNECTION ABOVE . §
BOLT |# OF [# OF BC | # OF
REACTION = g [BOLTS|CHANNELS[TIERS
8006 N (1.8K) 8Mn(/ | 4 1 2
8896 N (2K) snn(/ 9 4 1 1
8896 N (2K) |10mm( @ )| 2 2 2 {
17792 N (4K) 1om(/8 )| 4 1 2 \
K
35584 N (8K)  |10mu( /8 )| 8 1 1 1% BOLT #'s>("\ Py \_ ES
B8N (89 (10m(%)| 6 | 2 | 1 2 Lt 9o P E,
K >¢ ’s._./
35584 N (8K) |10mm( /8 )| 8 2 2 c VN 3 8 BOLT CONNECTION
Figure 33. Cold-Formed Steel Support Connection at C for Double Channel

Member AC and Single or Double Channel Member BC



LOCATION OF BOLTS FOR:
2 & 4 BOLT CONNECTION

8 BOLT CONNECTION

NN

EXTENT OF BEARING
PLATES FOR: \

2 & 4 BOLT CONNECTIONA~|—
8 BOLT CONNECTION

1%, BOLT #'s
27; BOLT #'s

SEE NOTE* FOR PLATE THICKNESS

Figure 34.

SEE BCLTING TABLE FOR ,
NUMBER OF BOLTS REQUIRED

EXTENT OF BEARING
PLATES FOR:

2 & 4 BOLT CONNECTIONS —,
4 & 8 BOLT CONNECTION; ~
6& 12 BOLT CONNECTIONS

2%, BOLT #'s
1% BOLT #'s

SEE BTABUE

ABOVE.

1 WD | w0
FEACTION =1 sp7p | LENGTH

M § | M ] IND{CIIN

6228 | 1.6 | 1.22 | 4] 7.5
12899 § 2.9 | 1.22 | el 15
8006 | 1.8 | 1.59 | V¢l 7.5
16013 | 3.6 | 1.59 | V4l 15
10230 | 2.3 | 2.0 | Yeal 7.5

2%, BOLT #'s
N ’ N 20461 | 4.6 | 2.0 | %l 15
SEE ¥ TABLE

1%, BOLT #'s

7
A riem |13 | 3.2 | 2.78 /54 7.5
28467 | 6.4 | 2.78 | Vool 15
18257 | w1 | 338 | V|75
36474 1 8.2 ] 3.18 | Y, | 15

D W O WO W W W

*¥PLATE THICKNESS FOR:
ONE-TIER STRUCTURE
0.8(174"),

TWO-TIER STRUCTURE
13(1/4"), BEARING
MAY BE ELIMIMATED
IF STRUCTURE DIMEN-
SIONS PERMIT SHOP
FABRICATION OR CERT-
IFIED WELDER IS
AVAILABLE AT THE
CONSTRUCTION SITE

MEMBER AC (AC')

Co]d-Formed Steel Connection for HAT Section

LOCATIONS OF BOLTS FOR:

BOLTING TABLE FOR SUPPORT CONNECTICN

2 % 4 BOLT CONNECTIONS
/A BOLT [# OF
~C 4 & 8 BOLT CONNECTIONS | REACTION = | "4 [y

> 6412 BOLT COMECTIONS 005 K (L.80)| om0
i2>_____1% st ors |88 N 20 [ am(yn)

8896 N (2K) <%'0
N 2% BOLT #'s 10w

# OF BC [ # OF
CHANNELSITIERS]
y 1 2
y 1 1
2] 2 z
17792 N (4K) IOMM(@") 4 1 2
22240 N (5K) 10mn</") 4 1 1
28912 N (6.5%) | 10mn( @ )| 6 2 2
35584 N (8K) 10nn<@ ) 8 1 1
35584 N (8%) [10ma(%M)| 6 2 1
35584 N (8K) [1omm(%.")] 8 2 2

Figure 35. Cold-Formed Steel Connection for Single or Double Channel Beam
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Units: CM Unless Otherwise

Noted
=
g
a BARS ANCHOR BOLTS 5: ANCHOFCQL
e BOLT
5(2") COVER 2 \ M
TP i \ -
FINISHED GRADE T 1 —
(BN et~ —r BTES M a | T’N
#3 TIESP1 g 15 1 15(6") 0.C, | N
(6") 0.€. 3 N 3/ 2 ~ VERTICAL =
Y —F sl cover = \ | | ","N
#4 8 23(3") 0.C. ¢ o 7 RALS i~ s L .
SEE FIGURE AT RIGHT ;‘ T = =
— — Tu(ll/z ”)COVER‘; ’ ! 2|5 -
R & 1A, -~
q ’ ) ;v,. SP\ 'f:,‘ |
" . eqmﬁ'i bt 3 ~ I
A Lt sen ; I
2. | COVER TYP.
SHEAR KEY _ s ‘o N
W_- 30N - 12" L - ADDITIONAL REINFORCING
30.5 | 2 2 2 2 1 AS REQUIRED(MINIMUM OF
a2 4 BARS, PLACED IN
CORNERS)

Figure 36. Foundation Type a (See Table XX)

a BARS ANCHOR BOLTS

NOTE: * INDICATES TYPICAL

5(2")COVER TYP. FOUADATION
L_uul/?")B/ER TYP.l

FINISHED GRADE — rr [__]
Bl e SO B
p - ™

#3 3 26(10") 0.C. EACH [f
FACE(HORIZOATAL BARS) r
#5 a 20(8")° 0.C. EACH [] | I+ SUPPORT ¢ |y | -
FACE (HORIZOATAL BARS)—F H = POINT o t

:_ : I*S(Z")COVER TYP, } 1

i L _J

T 20(8%) | 30(12")°

Figure 37. Foundation Type b (See Table XXI)
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Units: CM Unless Otherwise

Noted
5 (211)
{
¢ T FINISHED GRADE
] // S == )\‘\

|
a BAR, MIN. OF 4, ONE AT

EACH CORNER; ADDITIONAL
BARS AS INDICATED

#3 TIES AT 1/2 DIA. OF PIER

r— N
a BAR—/

Figure 38. Foundation Type c (See Table XXII)

MEMBER AC (AC') OR BC
2.50"
BEARING PLATE
ALL-AROUND Y. DA i / 4 (PLATE THICKIESS)
TP OF TN t -'= =4 —~1
FOUNDATION R N L T F—2.5(1") LEVELING
_ ;;7 L I . 31 1. - {' { Lt ‘fiET __f GROUT
Ry 1) P H SRR N
S | B e N I = S| ——1 0R 2 ANCHOR BOLT
1 HI |'F\\ :'3. £l PLACENENT.
l r {11 r i 1 E|— 4 ANCHOR BOLT PLACEMENT
| A
I I |1 i °
I It {1
I ] []1
.
g r- /Tl A — - STANDARD HOOK OR BOLT HEAD

Figure 39. Foundation Connection Detail, Side View for Members AC and BC
(See Tables VI and VII)
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Units: CM Unless Otherwise
Noted

11.“(41/2") MIN. LENGTH DIMENSION

4ty

1, »
M ‘ 0.8¢/,") MIN. EDGE CLEARANCE
M. _.1 I ! FOR WELDING

;:::::::z::,_;//-—-mﬂ/ﬁnm

—14(11/2 ) MIN. FROM EDGE
‘“‘4%—10(4 “) MIN. WIDTH
N~ DIMENSION

| ——[—Location oF
ANCHOR BOLT

Figure 40. Foundation Connection Detail, Top View, Type 1
11.4(41/)")MIN, LENGTH DIMENSION
‘“11/2 i 0.8(1/," MIN. EDGE CLEARANCE
_1 ~l i FOR WELDING
15

——salsm N,

——4al,m
——16(6Y," MIN. WIDTH
DIMENSION

LOCATION OF
ANCHOR BOLTS

A
}

——u@l," MIN, FROM EDGE
v,

Figure 41. Foundation Connection Detail, Top View, Type 2

4(11/2'> ‘
MIN. — 0.8¢1/," MIN. EDGE
CLEARANCE
FOR WELDING TYP.
it 4@l N,
- 15(6")SQUARE
L bLATE M.
l -_I/ 4(1%*) MIN.

Figure 42. Foundation Connection Detail, Top View, Type 3
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Units: CM Unless Otherwise
Noted

ANCHOR BOLT LOCATION

EQUAL . EQUAL /_ FOR TYPE 3
/ 1 ”
=08/, MIN. EDGE
/‘Z CLEARANCE
TI7F (]| For weLDing
N —2.5MIN,
N 4al,m I,
N-15(6") SQUARE
PLATE MIN,

d | N—ns RequireD
FOR HORKING
CLEARANCE

~-2.5(1") MIN.

v

~

%‘3 20k

Figure 43. Foundation Connection Detail, Top View, Type 4

AS REQUIRED

BY MEMBER
AC OR BC

I
L

—AS REQUIRED
BY MEMBER
AC OR BC

N (
VAN

f— 2.5 (1") MIN. TYP.

— 4 (13") MIN. TYP.

Figure 44. Foundation Connection Detail, Top View, Type 5



Units: CM Unless Otherwise
Noted

41l TP,
2.5" TYP.

— EQUAL

AS REQUIRED
- BY MEMBER
AC OR BC

— EQUAL

Figure 45. Foundation Connection J__u(ll,z,.mp_
Detail, Top View, 25 TP

Type 6 |
| —EquaL
¢
c —{—AS REQUIRED
i t BY MEMBER
AC OR BC
LOCATION OF ANCHOR
BOLTS AND NUTS FOR: —EQUAL
TYPE 1 =~ | 14

|
le

——TYPE 2 8 U
——TYPE 3

—TYPE 5

LENGTH gipggA?NGSPLATES FOR Figure 46. Foundation Connection
& . .
"ﬁ (2,51t —- Detail, Top View, Type 7
451%™ |
0.8(%,") TYPICAL BEARING PLATE APPLICATION TABLE

WEMBER AC OR BC. MEMBER AC OR BC SINGLE CHANNEL CONNECTIONS FOR ADDITIONAL
EQUAL _._ EQUAL TYP, INFORMATION)
TYPES 1, 2, & 3; MEMBER AC OR

l

D L LA EDGE CLEARANCE {REFER T0 TABLES Xy1IT & XIX,

‘ A T 2 FOR WELDING COLD- FORMED STEEL FOUNDATION
[

1. BC ONE CHANNEL
1-//7—4(1/2 ) MIN, TYPES 4 & 5, MEMEER AC OR BC
~2.5(1") MIN. TWO CHANNEL

<1

% : | — WIDTH OF BEARING PLATE TYPE 1
NI—=F —WIDTH OF BEARING PLATE TYPE 2 ¢ 4
= — WIDTH OF BEARING PLATE TYPE 3
L WIDTH OF BEARING PLATE TYPE S

‘ N\-2,5(1") MIN.
S S
/4 4(1%") HIN,

£ WEMBER AC OR BC THO CHANNELS

Figure 47. Foundation Connection Detail, Top View, Type 8
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4,7.1.7 Design Tables for Triangular Framing Systems

This section consists of tables used to design triangular framing systems of
the types covered by this handbook.

Shape (Section) Designations for the Structural Steel Tables are:

Shape Designation Explanation

I W6x8.5 First number is nominal depth in inches.
Second number is weight of section in 1b/ft.

C C4x5.4 Same as above.

T(tee) WT4x5 Same as above.

O Pipe 4 STD. Number is nominal diameter of pipe in inches.

STD means standard weight which designates the
wall thickness of the pipe.

N TS4x4x.375 TS stands for tube section, and first two
numbers aesignate the nominal width and depth
in inches. Last number is wall thickness in
inches.

L L2x2x% First two numbers inaicate length of legs in

inches. Last number inaicates thickness of
legs in inches.

Shape Designations for the Aluminum Tables are:

Shape Designation Explanation
| W6x4.16 First number is nominal depth in inches.
Second number is weight in 1b/ft.
C C5x2.32 Same as above.
T (tee) T2x1.26 Same as above.
1,11 . o .
L L2-§x2—§x§ First two numbers inaicate Tength of legs in

inches. Last number indicates thickness of
legs in inches.

O Pipe 8#80 First number is nominal pipe diameter in
inches. Second number is the schedule number
which conforms to ANSI standard for wrought
iron and wrought steel pipe, B36.10.

Note: Spaces occur in tables where Aluminum Sections are not adequate.
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Shape Designations for the Cold-Formed Steel Tables are:

Shape Designation Explanation*
[: C3x1.16 First number is nominal depth in inches.
Second number is weight in 1b/ft.
iHj 2C3x2.31 Same as above

I H1.5x768 Same as above

Note: Spaces occur in tables where Cold-Formed Steel Sections are not
adequate.

*Details to further specify shapes are included with the tables.
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TABLE III. MAXIMUM MOMENT CAPACITY OF VARIOUS ASTM A36 STEEL SHAPES
USED AS BEAMS

(Mmax s maximum moment capacity; L is maximum unbraced length
of compression member. ]

NEQUAL WT/LENGTH Mna Le WIDE Mmax Le
LEG ANGLES . FLANGE :
NIk N-m [ in,-k m ft N-m in-k | m ft
m ft
L2pxexs 80.1] 2.75 969 | 8.56 | 0.61 | 2 W6x9 19730|177.50 | 0.61 | 2
L3x2xT% a8.7(3.07 | 1372 [ 128 | .61 | 2 Wx1z | 26156 231.42 1 .61 2
e Wex16 | 36799 (325.58 | .61 2
L3x27x‘—6- 49.4) 3.39 1422 12.58 .61 2 W6x20 45344 | 427.72 61| 2
25 hxE 57.2|3.92 | 1467 | 12.98 | .1 | 2 W6x25 | 60249 533.06 | .61 2
L3x2x) 59.8 | 4.1 1793 | 15.86 | .61 | 2 WBx10 | 2815212489 | .61 2
4 Wex13 | 35716]316.33| .61 2
L3X27XE 65.6 4.5 1855 ]6.41 .61 2 waxls 42572 376.65 .61 2
Lipahy | M.afa | 2697 | 2200 [ 61 | 2 W8x18 | 54837|a8s.18 | .61 | 2
Ly 78.71 5.4 2566 | 22.7 611 2 WBx21 | 65660)580.94 | .61 2
: wex24 | 75042 |663.94 | .61 2
Laxdxy 84.6] 5.8 3307 | 29.26 | .61 | 2 Wiox12 | 39321 (30790 | 611 2
de3%x%- 90.4| 6.2 3407 | 30.13 B2 W10x15 | 49787 {440.49 | .61 2
L5xaxk- 96.4| 6.6 5059 | 44.76 | .61 | 2 WIOXT7 | 58445 1617.1 | .61 | 2
4 W10x19 | 67526 |600.09 | .61 | 2
'_5)(3‘2)(4— 102.2] 7.0 519 45,93 .61 2 W10x22 83670 | 740.54 .61 2
L6x3pxk 115.3] 7.9 7308 | 64.66 8| 2 W12x14 | 53395 [472.42 | .61 | 2
L6xdx) 121.2[8.3 | 7473 6602 | 1.22 | 4 M1ZXI16 | 61692 1545.83 | .61 | 2
g Wi2x19 | 76845 |679.90 | .61 | 2
Lexdypqp | 143.1) 9.8 9027 | 79.87 61 2
L6xdxrs 150.4 (10.3 9226 | 81.63 | 1.22| 4
“6xa)d 170.8 (1.7 | 1074 | sa.8 6| 2 CRANNEL Mnax L
3 N-m in.-k m ft
L6xdxd 179.612.3 | 10979 | 97.14 | 1.22| &
C3x8.1 3636 | 32.18 | 0.61] 2
FQUAL WT/LENGTH .. " C3x5 4099 | 36.28| .61 2
LEG ANGLES [ 5 . Cax5.4 6380 | s6.47| .61 2
= — N-m in,-k m ft
m ft C3x6.7 9918 | 87.78| .61| 2
Ixixg 1.7 | 0.80 | 102.7| 091 | 061 | 2 (6x8.2 | 14465 1128.15 | .61} 2
L1 c7x9.8 | 20107 {177.90( .61 2
- f* f‘? 14.7.1 1.0L | 162.7] 1.44 61| 2 cex11.5 | 26920 |238.17 | 61| 2
Jpxdpe | 18.0 | 123 | 2385 2.1 .61 2 €3x13.4 | 35055 31015 .61 2
3
dadd |aro | 1as | 3312 2.0 .61 2
1
LZ;ng 3 26.1 [ 1.65 | 433 | 3.83 .61 2 Mrax Le
Vs [ 309 | 202 | 475 | 4.20 .61 2 Tzee) Ty [ ink | m | ¢
L2x2xT% 35.6 | 2.48 | 627 | 5.55 .61 2
L wT3xa.25| 1312 | 11.62]0.61] 2
LZTXZ?(TE 44.8 3.07 1003 8.85 .61 2 WT4x5 2376 20.98 .61 2
Lk | se0 | 37| s [12.9 61 2 WT5x6 3836 | 35.70| 61| 2
L3xaxy s | 4.9 | 1907 |16.87 8] 2 WT6x7 5986 | 52.96| .61| 2
AR WT6x8 7084 | 59.69| .61| 2
L3 | 84.6 | 5.8 | 2624 |23.22 61| 2 WT6x3.5 | 7605 | 67.30| .61 2
;4x4x} 9.2 | 6.6 | 3a72 [30.70 | .22 | a WT7x11 9500 | s4.85| .61] 2
i | me | sz | |70 | a2 | e wTax13 | 13459 [ 119.67] .61 2
L4x4x% 143 | 9.8 | so26 |as.a7 | 1.22] s
LSx5xd | 150 | 10.3 | 6746 |59.69 | 1.22 | 4
;SXSx% 179 [ 12.3 | 8002 |70.80 | 1.22 | 4
bz | 181 [12.4 [ ss22 |86.90 | 1.83 | 6
texeg | 217|149 |niers ioa.zs | 1.m3 | 6
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TABLE 1v.

ONE-TIER STRUCTURAL STEEL FRAMES

(R is reaction load carrying capacity baseu on worst case load on interior
frame (N = Newtons, k = kips); L* is nominal gistance between beams when
length of member AC is no greater than length of one module plus 15 cm (6

in.).]
MEMBER BC
[n 2 2224 3336 4448 8896 17792 26688 35584
R ; TILT
[ k .25 .50 .75 1.0 2 4 6 8 NGLE
| L// G
m ft 1
0.61 |2 | Lixig g | g | il o Ly | agabd | ubalg
122 (4 | s Lixtxg Lixixg Lixixg Lixixg Lixlxg RERERS Lipx g
1.83 |6 | Ll Lixix} Lixixk P PLE FRM Upapg | tdakd | tdadd e
2.46 |8 | Lixixk LIxIx) Lixixd LixIx) nhald udabd | m3add | Lased
: g g X\xg *5 3*'a%g 2X'7%g 2*'1%g 8
0.61 |2 | L Lixtxg Lixixg Lixixg Lixixg LIxIxy Lpapg | Lakg
.22 {4 | Lkl Lix1x) LIxIxk Lixxk LixIxk Uik | ndakd | n2add
: 8 8 B xlxg B8 3% 2*'2'8 3*'3%g
1 1 1 111 1.1 3.31 ] .
1.83 |6 L]x]xg L1x1x§ L1x1x§ L]X]Xﬁ' lex15x§ L1§x12x§ L13x1zx§ L2x2x§ 30
200 |8 | nbald Dpapd Laded Ll%x]%é— L’I%x]%x% Lgadg | Lexexd L2x2xye
0.61 |2 [ Liaxd Lixtxk Lixixg Lixixg Lixixk Lixix Lppd | Lpadg
1 1 1 1 1.1 1.0 3..3.1 3..3.1
1.22 4 L]X]X]B‘ L]X]XB- L1x1x8~ L]X]XS- L]aX]EXS L]ZX]Q_XE L14-x'lzx§ L]EX]EX‘B_
183 {6 | thakd npapd | 0 L, Ll%x]%x%— RUATAY L3agg | Lo L2x2xpe 40°
240 |8 | ugadg | vdadd | vdadd | ndadd [udadd | oexd | iehelad | Lobed
0.61 |2 | Lixxd Lixixy Lixix} LIxIx) Lixixy LixIxg Lpapg | Lgakd:
1.0 1.1 111 110 111 1.1 331 1
1.22 |4 L]EX]AXE L]Ix]Z*E L]I‘]E*g lexlzxg lexlzxg L12x12x§ L]Exlzza L2:2x$ ,
3.31 3.3 3.3 331 3.3 1
1.83 |6 lexlzx§ L]Z*1Z*§ Lllx]IXB L1Zx1zx§ szlzxg L2x2x§ LZXZXTE LZE*Z?*TF 50°
200 |8 | 2yt | Lzpepgd | topepnd | Lebedxd | t2hedad | teheebd | bR | s
0.61 2 L]xlx% lelx% L1x1x§ L]xlx% le]x% L]%xl%x% L]%x]%x% Ll%xl%x%
L2 4| Upagg | Upagy | Upagg | g | ugabd | udadd | el | eed
1
1.83 |6 | Lexexg Lex2xg L2x2xg Lxexg | Laxaxy L2axgd | 12hebd | teheeded | 600
1,13 1.1 3 1.1 3 113 {113 1.1 3 3 3
2.44 8 LZZXZEXW LZ?XZ?Xls quZ?‘Xls L22X2$X]6 L2§X27Xﬁ LZZ—XZ?XTG— L3X3XE‘ L3X3X‘€
) T T T ] (RS T 11 710
0.61 2 L1x18] : L]:]x? ‘ L]:]x$ : L1:1x$ : L]X]xg LIK*IZXE L]2*12x§' L17x1§x§
11L1 1 1.1 3.,3.1 1 3
1.22 4 L]?X]$X83 L1$—X]$—Xg‘3 L]‘%’X]%’XB:‘] L]?x]?xas L]7X1-2-X§ L]zX]zXE L2X2X'8— LZXZX-IF
1,13 1 30,00 3 1.1 3 1.1 3 3 .
1.83 | 6 LZZXZZ:]G LZEXZZ;TE L27x22;Tg LZ?XZ?;]B L22x22x.l6 LZEXZ?XIG LZPXZZXTE L3x3ng 70
3 3 3 3 3 1
2.44 18 L3x3xT§ L3x3xTE» L'.’n(?»x]6 L3x3x]6 L3x3x1g L3x3x73— L3x3xT§ L3x3xz
MEMBER AC
061 |2 1 ) 1 1 1 1 1 1
. 2 le]xg L]x]xg L]x]xg L]x]xg L1x1x§ lelxg L1x]x§ L1x1x€
1.22 |4 | nbabd tpabd | udald | nhald | ulald L (3 LAk
1
1.83 16 | Llax2xg L2x2x} L2xaxy Laxaxg L2x2xg L2x2xg L2x2xy Laxxg <30°
2.40 |8 | L2xepag | Lepreped | L2paepgd | Lehedad | iebaelxd | tehehad | tohehxd | iohelid
1.1 111 T 11
0.60 |2 | LI Lixixg Lixixg Lixixy LixIxg Lgigxg | Ligxipxg | Ligxlzxg
1.1 1 1 1,13
122 fa o Jupapg |oudabd | udabd | oladd [ vnapd | Lexesd Lexaxg L2yx2p%1g
1
1 : 113
1.83 16 | Laxaxg L2x2x} L2xex Loxexy | Lexexg L2jepad | Lopepgs | Lapepgg >30;
20 s o3 | Llolo3 1,1 3 1,03 | 1.1 3 1,13 3 Ll (270
. ‘2—X ZXW ~2-X2?X-|—6 L22-X2-2x1-6- LZEXZ?XW L25x2§xﬁ LZ?XZ?XW L3X3X1—6' X .‘(Tg‘
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TABLE V. TWO-TIER STRUCTURAL STEEL FRAMES

{R is reaction loaa caFrying capacity based on worst case load on interior
frame (N = Newtons, k = kips); L" is nominal distance between beams when
length of member AC' is no greater than length of two moaules plus 15 cm (6
in.).]

MEMBER BC
N N2 2224 3336 4418
R .25 .50 .75 1.0 TILT
o ANGLE |
m | ft . °
061 | 2 | Lixixg Lixixy Lixixg LixIxg
122 |4 | thaxg Lpapg | Libakd by | 200
1.1 1.1 331 331
2.60 | 8 | Loxex) Loxexk Loxexy Lopx2pxrs
0.61 | 2 | Lixixg Lixixg Lixixg LIxIxg
122 |4 | Upapg RLALM L Liapg | 30°
183 | 6 | Laxexg L2x2xg Loxexg Lox2xg
1.3 113,013 1.1 3
2.44 8 LZ?(Z?X]—G- L27X27Xﬁ LZﬁXZfXE LZ-Z-XZ?(]—G‘
0.61 | 2 | Lixixg Lixlxg LI et L
331 3..3.1 331 1 .
1.22 4 L]KX]EXE' L]EX]ng L]EX'I EXg LZXZX-B' 40
1.83 | 6 | 12papgd | Lopxepd | t2hepgd | Lopxepegd
101 1.1 1.0 1.1
2.44 | 8 L3§x37xz L3§x3§xa- L3§x37x3 L3§x3?xz
0.61 | 2 | Lixixg Lppg | Ugapg Ligxiyxg
22 |4 | Lo L2x2xg L2x2xy Lox2xy 50°
3 3 3 3
1.83 | 6 L3X3XTE' L3x3xT€ L3x3ng L3x3ng
246 | 8 | Laxtxp Laxdx} Lxdxy Léxdxg
0.6 |2 | Lilapg b fag Lidxidg Lipapcg
1.22 |4 | Lot LZ%XZ%—X% L2)x2pere Lepxepege | 60°
1.83 | 6 | L3pabr Lapa | L3 Lalx3jek
2.44 | 8 W6x9 W6x9 W6x9 W6x9
0.61 | 2 | Lipaipeg Ubang | Lpapg LIxI g
1.22 |4 | Wehxepgs | L2pxeid L2px2pxe Lepeps | 70°
1.83 | 6 | Laxduy Laxdx} Laxdx) Laxdxy
2.44 | 8 WAx13 Wax13 Wix13 W4x13
MEMBER AC'
3 3 1.0 1
0.61 2 L3x3xT€ L3x3ng L32x32x1~ L4x4xz
C3x4.1 C3x4.1 C3x4.1 C3xd. 1
FOR
ALL
1.22 {4 |caxen C3x4.1 C4x5. 4 csx6.7 AL
OF
) _ 8
1.83 | 6 | caxdn C5x6.7 C6x8.2 C7x9 TLr
]
2.46 | 8 | c5x6.7 C6x8.2 cex11.5 Cox13.4  |< 700
W6x9 W6x9 W6x9 Wex13
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TABLE V. TWO-TIER STRUCTURAL STEEL FRAMES (CONTINUED)

R is reaction load carrying capacity baseo on worst case load on interior
frame (N = Newtons, k = kips); L" is nominal aistance between beams when
length of member AC' is no greater than length of two modules plus 15 cm (6

in.).]
MEMBER BC
8896 17792 26688 35584
R 2 4 6 8 TILT
Le ANGLE]
m ft ®

0.61 [ 2 | Ly Dhabd  |iexext L2jx2le

.22 [ 4 | Upahg  [laeg (igpepd [Lepelhd | 200

1.83 [ 6 | L2 Lepxepg | L3dxy L3x3xg
----------- TS2xys | TS2x2xys

] 7 T T a0

2.44 8 LZ?XZ-z XI L3X3XI |.32'X3'2'X1‘ L32'X3'2XI
—_—— TS2x2xye TSax2xpp | TS3x3xpa
N [ Pipe 2} STO | Pipe 2} STD

0.61 |2 | Llxx Upabd | Laxag L2px2per

ne2 {4 [l L2xexy L2y | L3k3xp 30°
———— fem—eer | ————— TSZxe%

1.83 [ 6 [ Lzpxepa  [Laxax) L3x3xy L3px3lek
------ TS2x2xys Ts2x2xys TS3x3xy3
------------- Pipe 25 STD | Pipe 2§ STO

2.84 | 8 | L3xaxt hald falald | Laxexd

. x3xg I3y 7*37%g 3
TS2xexgg | Pipe 25 STU| Pipe 2 ST0 | Pipe 2} STD
------ - | Tsaxexgd TS3x3x1—g TS3x3xpz

0.61 [2 | L1ialc Lxpg | Laxexg Logx2x}

V22 {4 |rexeng Legxzpeg | L3x3xy L33y 40°
-------------- Tsaexd | TS2xaxgd

1.83 | 6 LZ'}XZE— L3x3x;11- QXC%X%X% l.4x4x%—

TS2x2xyd Pipe 2 STD| Pipe 2 STD| Pipe 25 STO
------ TS2x2xpz TSIk | TS33xgd

2.0 |8 | L3gxipg Laxdxg W6x9 W6x9
Pipe 2} STO |Pipe 2 STO| Pipe 2} ST0 | pipe 3 STO
TS2x2x7e TS3x3xys TSidge | TS3x3xy3

0.61 |2 |Lidalat Ldadd | Laxext L2px2ix)

122 (& | L2hehg Laxaxy Lax3xy Labaak | 500
------ Ts2xaxgp | Tsaxaxgd | Ts2xexgd
------------------ Pipe 2 STD

1 T A0 i

1836 L33 Lot | Laxand W6x3
TS2x2xpy Pipe 25 STD | Pipe 2 STD| Pipe 2} STD
------- Tsaaxgs | TShaxgr | TS3x3xpd

2.0 [ & | Laxexd Laxan, W6x9 W6x12
Pipe 2y STD |Pipe 25 STD{ Pipe 3 STD [ Pipe 3 STD
TS3x3xT% TS3x3x1% TS3x3x1% TS3x3x1—g-
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{R is reaction load carrying capacity basea on worst case load on interior

TABLE V.

TWO-TIER STRUCTURAL STEEL FRAMES (CONCLUDED)

frame (N = Newtons, k = kips); L" is nominal gistance between beams when
length of member AC' is no

greater than length of two moaules plus 15 cm (6

in.).]
MEMBER BC
N 8896 17792 26688 35584
R TILT
k z 4 6 8 ANGLE
L* o
m ft
0.61 | 2 Ll;xl%—x%- L'I%x’l%—x%— Lax2xg LZ;XZ%—X%L-
122 (4 [ipepg [ [ushabd | wlabd o
----- - | Tsaxaxgd Tsaxexgz | Pipe 2} ST
------------------ TS3x3xg2
T 7 T a1 7
1.83 | 6 L32x32xz L3§x3§x1» L4x4xz W6x9
Pie 2 STD | Pipe 25 STO | Pipe 23 STD | Pipe 3 STD
3 3 3 3
TSZxeTg T53x3ng TS3x3xT€ TS3x3ng
2.40 |8 | Wex9 W6x9 W6x9 W6x12
Pipe 25 STD | Pipe 2} STD | Pipe 3 STD | Pipe 3 STD
3 3 3 1.1 3
TS3x3xT§ TS3x3xT3- TS3x3xT§ TS32x32xT§
61 (2 [udapd Lax2xg L2gx2pey Logx2gn)
122 14 [ L3 L3x3xy L3gx3xr Laxdx} 70°
Ts2xexyd Tsexzxyg mmémmm%m
et R Tsaaxgd [ Tsaaagd
183 [ 6 | Laxdxy Laxdxy W6x9 W6x9
Pipe 25 STD | Pipe 25 STD | Pipe 3 STD | Pipe 3 ST
TS3x3xgs TS3x3xge TS3x3xya TSIy
2.08 | 8 | wax13 Wax13 Wax13 Wax13
Pipe 3 STO | Pipe 3 STD | Pipe 3 5TD | Pipe 3 STO
3 3 1.1 3 1..]. 3
753x3xT§ TS3x3ng 753?X3?xTE T532132ng
MEMBER AC
N 8896 13344 17792 | 22240 26688 | 31136 | 35584
R 2 3 4 5 6 7 8
=
m] ft 0
0.61] 2 | MEMBER | wexo W6x9 W6x9 W6x9 W6x9 W8x10 L
SIZE | c4x5.4 [ C5x6.7  |céxs.2 0i8.2 | C1o.8 | c7x0.8 | caals [P
VALUES
0
1.22 | 4 | MeMBER | wexo W8x10 WEx13 HEx13 wi2xia | wi2a4 | wi2x16.5 T;LT
SIZE  fcex8.2 | C7x9.8  |cax15 [coxi3.4 | C10x15.3 | Clox15.3 | €12x20.7 |mcig
[+
< 70¢
1.83 | 6 | MEMBER | wexio Wi2x14  [W12x16.5  |W12x19 | wi2xez | wizx22 | wioxze
SIZE [ C9x13.4 | Wl0x15.3 |C12x20.7 [C12x20.7 | c12x25 | c12x30 | cisx33.9
2.06 | 8 | MEMBER |wWi2x19  |Wizxzz  |wizx22 WI0x26 | W10x26 | Wiox26 | Wizx2e
s1IZE | ci2x20.7 | c12x20.7 |c12¢30 C15x33.9 | €15x33.9 | €15x33.9 | C15x40
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TABLE VI. SCHEDULE FOR STRUCTURAL STEEL FOUNDATION CONNECTION AT A
(SEE FIGURES 39 TO 44)

[R is reaction load carrying capacity based on worst case load on interior
frame (N = Newtons, k = kips).]

| o | recmoess | g | aoe
N K TYPE mn n. mm in. cni | in.

4 12.70 1/2 19.1 /4 20.3 8

35566 8 5 5.53 3,4 19.1 3/4 12.7
4 12.7¢ 1/2 15.9 5/8 20.3 8

26689 6 5 9.53 38 12.7 172 12.7
12.7 1/2 15.9 5/8 10.2 4
17793 4 4 6.53 1,4 15.9 5/6 20.3 8

i
2 9.53 3,8 15.9 5/8 10.2 4
8896 2 4 6.53 14 12.7 1/2 15.2 6
. 7.94 5/16 12.7 /2 10.2 4
4448 3 2 6.53 1/4 12.7 1/2 10.2 4
3 6.53 1/4 12.7 12 10.2 4
12

. 6.53 1/4 12.7 172 10.2 4
<4448 « 2 6.53 14 12.1 12 0.2 4
f 6.53 1,4 12.7 172 10.2: 4

* Applicable to one-tier structure only.
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TABLE VII. SCHEDULE FOR STRUCTURAL STEEL FOUNDATION CONNECTION AT B
(SEE FIGURES 39 to 47)

[R is reaction load carrying capacity based on worst case load on interior
frame (N = Newtons, k = kips).]

ca A ) ANCHUR &

R p’fﬁg PLATE THICKNESS ESE?USIAMETER SHEAR :;‘EE‘J?EF%”

N k TYPE mm in, mm l in. PLATE cni in.

4 9.53 3/8 25.4 | 1 N.R. 0.3 8

788 | 12700953 | yorde | 254 | RQ'D MITH | 263 | 8
H a

35:86 | 8 6 9.53 3/8 25.4 i | ?So'gaulTH 20,3 | 8
N a

5 12.70 1/2 5.4 ;1 N.R. 203 8

2 15.87 5/8 19.1 34 N.R. 127 s

3 9.53 3/8 19.1 3/4 N.R. 6.3 8

758 9.53 3/8 19.1 3/4 N.R. w3 8

26689 | 6 b 9.53 /8 191 3/4 N.R. w3 | s

5 12.70 1/2 19.1 3/4 N.R. 203 8

2 12.70 1/2 15.9 | 5/8 N.R. 10.2] 4

4 6.35 1/4 15.9 | 5/8 N.R. 15.2 6

788 9.53 8 15.9 | 5/8 N.R. 15.21 6

17793 | 4 6 6.35 /4 15.9 | 5/8 $Es'g]ulrn 15.2 | 6
N a

s 9.53 /8 15.9 | 578 N.R. 15,2 6

¢ 9.53 3/8 12.7 1 172 N.R. 102 ¢

P 6.35 1/4 15.9 | 5/8 N.R. i5.2 | 6

748 6.35 1/4 15.9 | 5/8 K.R. 15.2] 6

8696 2 3 6.35 1/4 15.9 | 5/8 ?ES‘?ZNITH 15.2| 6
a

5 §.53 /8 12,7 | e N.R. 5.2 6

¢ 9.53 3/8 12.7 172 N. R, 16.2 4

3 6.53 1/4 15.9 | 5/8 N.R. 15.2| 6

4448 1 2 9.53 /8 15.9 | s/8 N.R. 15.2{ 6

) 6.35 5/16 12.1 | 12 N.R. 102 4

(-4348 (<1 3 7.94 5/16 12.7 172 N.R. 10.2 4

AND AND 2 6.35 1/4 12.7 1/2 N.R. 10.2 4

52221) | »0.5] %1 7.94 5/16 12.7 | w2 N.R. 0.2 4

3 6.35 1/4 2.7 | 1/2 N.R. 10.2| 4

@u b ool 2 6.35 1/4 121 | /2 N.R. 10.2) 4

| . 7.94 5/16 1.7 | /2 N.R. 1.2 4

* £ =12.7 mm (1/2 in.) is to be used with 3 in. or 2 in. tube sections or

2-1/2 in. pipe.
9.53 mm (3/8 in.) is to be used with 3-1/2 in. tube section or
3-1/2 in. pipe.

pe
]

** Applicable to one-tier structures only.
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TABLE VIII.

[L is span length between support frames. ]

TWO-TIER HORIZONTAL BRACING STRUT MEMEER SIZES

Steel
Single Span (See Figures 23 and 28A, 288, ano 28()
L m 0.61 1.22 1.83 2.44 3.05 to 4.88 | 5.18 to 6.10
ft 2 4 6 8 10 to 16 17 to 20
Compression 1 1.1 1 113
Hember lele- UJXIIXE LZxea— LZZXZZXW Wsx10 W8x13
Two, Three, or Four Span (See Figures 24, 29, and 30)
L m 0.61 to 9.14
ft 2 to 30
L:;;lg" 10 am (3/8 in.) giam. rod
Alunipum
Single Span (See Figures 23 and 28A, 288, ana 28C)
L m 0.6} 1.22 1.83 2.44 3.05 3.66 .27 4.88 5.18 to 6.10
ft 2 4 6 8 10 12 14 16 17 to 20
Compression 1.1 1 1 1 3 3
Member lexl?xH LZxeE L3x3xl dedxl best LGxSxe Wi0x7.3| wW8x8.32 W8x10
iwo, Three, or Four Span (See Figures 23, 29 and 30)
L m 1.6 to 9.14
tt 2 to 30
;:;;:g" 10 mm (3/8 in.) diam. roa
Cold-Formed Steel
Single Span (See Figures 23 and 28A, 288, and 28()
L m 0.61 to 3.66 4.27 4.88 to 6.10
tt 2 to 12 4 16 to 20
Compression
Member CIx1.16 C3.5x2.14 2C3x2.N

Twu, Three, or Four Span

(See Figures 23, 29, and 30)

L m
ft

0.61 to 9.14
2 to 30

Tension
Member

10 mm (3/8 in.) diam. rod




TABLE IX. MAXIMUM MOMENT CAPACITY OF ALUMINUM ALLOY 6061-T6 SHAPES USED AS BEAMS

[Mpax 1S maximum moment capacity; L. is maximum unbraced length of compression
member. ]

C10x5.28 | 39892 | 353.1 .61
C10x8.64 | 53517 | 473.5 .61I"

UNEQUAL WT/LENGTH Fimax Le EQUAL WT/LENGTH Mnax Le
LEG ANGLES [ =T el wom | imik | @ | fe| | LEGANSLES e ot | tem | dmk | m | ft
REMEME 6.13] 0.a2 | 2n.2| 187 [ o1 | 2| | Lidaldd 6.26 |0.43 | 154.7| 1.37 | 0.61 | 2
2 . . 2] ) g .26 | 0. a0 .
L2 729|050 | 273 | 242 | e | 2| | L2xa 8.31 (057 | 222 | 197 | .61 |2
(2} 9.48( 0.65 [ 316 | 2.80 | .61 | 2| |tipahd | 18|08 | 33 | 29 | .61 |2
UPdpg | 1 o8 [ 37 | 32 | e | 2| | Ldadg | 140|096 | 49 | 438 | .61 | 2
L2x1pxk 14.0 | 0.96 | 524 | 4.6a | .61 | 2| | Laxex) 1621101 | 683 | 6.05 | .61 | 2
dadd [ ez 1| s0 | 197 [ .o | 2| [Lexepg | 20.4(1.40 [ 066 | 9.44 | .61 [ 2
L2gx2ny 18.4 | 1.26 (1072 | 9.8 | .1 | 2| | L3k 20.5 [1.68 | 1230 [10.89 | .61 | 2
L3x2xy 20.4 | 1.40 (1826 [12.8 | .61 | 2| | talxahek 29.011.99 | 184 [13.04 | .1 | 2
1,01 1,13
L3haeful 205 [ 1.68 1965 [172.4 | .0 | 2 | | Lepehd 29.9 [2.05 | 1672 [14.80 | .61 | 2
Lax3x) 29.0 | 1.99 [ 2187 | 19.36 | .61 | 2| | Laxax) 33.2(2.28 | 1709 [15.13 | .61 | 2
1,15 1.5
Lapxdpxyz | 30.3 | 2.08 {2632 | 23.3 | .61 | 2| | L3y | 35.9(2.46 | 2293 |20.3 61 2
L33age 3.2 [ 2.28 f2a82 | 20,97 | .60 | 2| | 133 36.0|2.47 | 2387 {2103 | .61 2
L4x3x% 35.9 2.46 | 3284 29.07 .61 2 L4x4x1% 41.3]2.83 2649 23.45 .61 2
Laxdd 42.7 | 2.93 |23 | 7.5 | .60 | 2| | shakd 42.7)2.93 | 3106 |27.50 | .61 | 2
L5x3g2 43.9 | 3.01 |as29 | 39.98 | .61 | 2| | L3x3x 47.1(3.23 | 3208 [28.90 | .61 2
L6x3pxe 49.4 | 3.39 | 6aa5 | s7.05 | .61 | 2 L3)a3pe; s5.8|3.83 | 4529 | 40.09 | .61 | 2
L6x3)x3 58.9 | 4.04 | 8831 | 78.13 | .61 | 2| | Léxéxgp 56.913.90 | 4829 | 42.75 | .61} 2
L5x3x) 62.2 | 4.40 [8934 | 79.00 | .61 | 2| | Laxax 64.3| 4.41 | 5758 | 50.97 |} .61 | 2
L5x3)er 68.5 [ 4.70 {s062 | 80.18 | .61 | 2| | LoxEng N1.6| 491 ¢ 6383 | 56.50 | .61 ) 2
Lexaxgh Nn.6 | 4.9 |10029 | e8.73 | .61 | 2 Laxdxyg n.7) a.92 | 6687 | 5516 | .61 2
5
4xdxz 79.1( 5.42 | 7450 | 65.9 61| 2
L6x3pxk 75| 5 iz (e | e |2 | | U
1 81.4| 5.58 | 8285 | 73.30 | .61 | 2
L6xaxr2 91.0 | 6.24 (14586 |129.05 | .61 | 2 L“SE
Laxdx2 93.4| 6.40 | 8744 | 77.35 | .61 2
Lexax 100 | 6.88)16320 |144.39 | .61 | 2 X x?
6x6x% 98.4| 6.75 | 10061 | 89.90 | .61 2
Lbxax Mo | 8.5 19288 [170.65 | .1 | 2 | | %2
CHANKEL nax Le FEASEE Mmaf te '] T (tee) Fnax Le
N-m in.-k m fi N-m | in.-k m ft N-m in.-k m ft
€3x1.42 | 2720 | 24.08 [0.61 | 2 | |wax4.76 | 16788 | 148.6 |0.61 | 2 T2x1.26 649 5.5 | .61 | 2
€3x1.73 | 3100 | 27.44| .61 | 2 | |wsx6.49 | 30222 | 267.5| .61 | 2 T2z 864 265 | el 2
cax1.85 | 4996 | 44.22| .61 | 2 [ {wexa.16 | 21782 [ 192.8| .61 | 2 4
cax2.16 | sa52 | 48.26 | .61 | 2 Wex5.4 | 24663 | 218.3| .61 | 2 T27x1.91 1355 | 12.0 61 2
5x2.32 | 8032 | M. | .6 | 2 | |wex7.8s | aes36 | an1.9] .61 | 2 T3x2.72 2476 | 21,92 | .61 ] 2
t
C6x2.83 | 12066 | 106.8 | .61 | 2 | {wexs.9 | 412n|365.3| .61 ] 2 Tax3.70 wn | azse | e | 2
C6x3.0 | 12484 { 110.5 [ .61 | 2 [ [W8x8.32 | 62308 551.5] .61 | 2
C7x3.56 | 17789 {1571 | .61 | 2 | | wWex10.72| 77052 | 682.0| .61 | 2
C7x4.23 19712 174.4 .61 2 W8x11.24| 81932 724.9| .81 2
c8x4.25 | 24131 | 213.5 | .61 | 2 | |wWex12.99] 86848 | 768.4 | .61 | 2
C9x4.60 | 31003 | 274.3 | .61 | 2 | |wWiox7.3 | 62074 | 557.4| .61 | 2
2
2
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TABLE X. ONE-TIER STRUCTURAL ALUMINUM FRAMES

[R is reaction load carrying capacity (N = Newtons, k = kips); L" is nominal
distance between beams when length of member AC s no greater than length of
one module plus 15 cm (6 in.).]

MEMBER BC
M2 2224 3336 4448
R TILT
.25 .50 .75 1.0 ANGLE,
L [}
m ft
0.61 [ 2| Lot | ndadd | oudakd | ok
: Vv aala) 78 il
22 fa fupapd | ubapg | ukakd | ubakd | e
1..1.1 1,.,1.1 1,11 1,11
1.83 | 6 L121171§ L12112x§ L]lezxg L12112xg
1,11 1,411 1,11 1,11
2.44 8 L‘?-X]?—Xg L]z—’(]z—)(g L]?X1~2—X§ I.]-Z—X]?—Xg
1,11 1,11 1,11 T .10
0.61 2 L\ixlixg lexIExE L1§11fx§ lexlzxg
1,411 1.1 1,.1,1 1,,1.1 °
1.22 | 4 LI-2x12x8 L‘?*]?*B L12112x8 L1§x17x8 30
1.,1.1 1411 1.41.1 1.41.1
1.83 6 Ll?'x]z-)(g L]'Z'X]'ZX-B— L]'EX]'EXE L]z’X]z‘XE'
1,11 1.,1.1 1,11 1
2.44 8 L17X1fx§ L]Q‘X]'ZXQ' L1’2’X1?X§ LZXZX'S
1,11 1.,1.1 1411 1 411
0.61 2 L]EX]'Z'X-S- L]Z'X]?Xg L]‘Z'X1‘2'X§ L]‘zX]z‘XB‘
1,511 1.41.1 1.,1.1 1.1 °
1,11 1411 1411 1
1.83 1 6 L12x12x§ L1zx12x§» L]ZXIZxE L2x2x§
2.40 | 8 | Lipapd | L2xex) L2x2xg Lox2xg
1,11 1..1.1 1,11 1,11
0.61 2 L]§X1'2—X§ L]fX]§X§ L'lzx]?—x§ L]EX]EXE'
1,11 1.1 1,11 1,11 °
1836 | Uhabd | udabd | oLaed L2x2x}
1,11 1 1,11 1,11
2,441 8 L1§x1?x§ L2x2x§ szxzfxg L2§x2?x§
1 .11 1 .11 T 1.1 T 1.1
0.61 1} 2 L1?x1zx§ L]lezxg lex1zxg- lexlzxg
1,511 1,11 1.,1.1 1 o
1.22 | 4 L1§x1§x§ L1Zx12x§ L12x]2x§ L2x2x§ 60
1.831 6 L1;x1%x% LZxe% L2x2x% LZ%xZ%x%
2.46 | 8 | Loxaxg L2x2xy L2pxeig | L2pxzpay
1,11 1,711 1711 1,11
0.61 2 L12—X]2—XB— L]z—X]z—XB- L1~2‘X12‘XE L]E_XLZXB_
1224 | upapy | Udapg | 12eq Lox2xg 70°
1.83 [ 6 | Laxexd L2x2xy L2l | L2pep
2.40 | 8 | L2xexg Legxebd | Lebxed | L2
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TABLE X. ONE-TIER STRUCTURAL ALUMINUM FRAME (CONTINUED)

[R is reaction load carrying capacity (N = Newtons, k = kips); L" is nominal
gistance between beams when length of member AC is no greater than length of
one module plus 15 cm (6 in.).]

MEMBER BC
N 8896 17792 26688 35584 -_
R 1% 2 a 6 8 ANGLE,
w (-]
T
m ft ] i
62 | Uubakd Lxdad RLMIMSE L2jxeld
Pipe 2345 | Pipe 2145 | Pipe 2345 | Pipe 2345
122 4 | ukakd Ligxidsd L tedxedxt | 200
Pive 245 | Pipe 245 | Pipe 2345 | Pipe 2345
111 7 171 111
1.83 6 L]f)(]z)(g L2X2X§ L2~2—X22XE LZQ-XZ?XI
Pipe 2345 | Pipe 2}45 | Pipe 245 | Pipe 2345
240 | 8 [ L2x2nd L2x2xy L2Jx2hs L2Jxebek
Pipe 245 | Pipe 235 | pipe 245 | pipe 2345
B2 | opand L0k Lipxideg Loppxr
Pipe 245 | Pipe 2345 | Pipe 2345 | Pipe 2345
1224 | Ugxigg L2xzxk Loy | Legxegd | 300
Pipe 2345 | Pipe 2345 | Pipe 2045 | pipe 2345
183 | 6 | L2xexg L2gx2per LZ;—xZ%xl— Lz%xz,‘zx}
Pipe 2;#5 | Pipe 245 | Pipe 245 | Pipe 2)4s
240 | 8 | L2xexg Lopxapng Lz%xz%xl— LZ%—XZ%XA—

Pipe 25#5 | Pipe 2345 | Pipe 2345 | Pipe 2345

T 11 110 7.1 S
H1 2 L1§x1§x§ L1§117x§ Lzzxzfxz L2§x27xz
Pipe 23#5 | Pipe 2#5 | Pipe 2345 | Pipe 245

122 | 4 [ Loxeg L2x2xg Logxyug L2gx2yny 40°
Pipe 245 | Pipe 2345 | Pipe 245 [Pipe 2345
1.83 [ 6 | Laxexd L2hxegns L2gx2pny L3x3x}
Pipe 2#5 | Pipe 2345 | Pipe 2045 | Pipe 2345
246 | 8 fr2dxebd | aheld sk Lakxalxl
2¥%5%g X237 z 7%33%g

Pipe 2145 | Pipe 2145 | Pipe 245 |Pipe 2}45

T 11 T 11 T 11
.61 2 L]’2—X12-X§‘ L]2‘X12—X§ LZZXZ‘Z—XI LZZXZEXI
Pipe 245 | Pipe 2145  |Pipe 2345 | Pipe 2Lt

22| 4 |L2xeg Lepxop | L2pelxd Lopzp | 50°
Pipe 2J#5 | Pipe 2045 |Pipe 245 | Pipe 2345

183 | 6 |Lpepg | L2hakd  [Laad L3x3xk
Pipe 2145 | Pipe 2345 |Pipe 2)45 | Pipe 2345

2.44 | 8 | L2jxzpg | Laxax) L3pxdpe | Laxdx)

Pipe 2#5 | Pipe 2345 |Pipe 23#5 | Pipe 2345
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TABLE X. ONE~TIER STRUCTURAL ALUMINUM FRAMES (CONCLUDED)

[k is reaction load carrying capacity (N = Newtons, k = kips); L" is nominal
aistance between beams when length of member AC is no greater than length of
one module plus 15 cm (6 in.).]

MEMBER BC
N 8896 17792 26688 35584 LT
R g 2 4 6 8 ANGLE
LII e
m ft
061 2 | Lipabg | Laxexg FLIMA T IIM
Pipe 2345 | Pipe 245 | Pipe 2345 | Pipe 2345
22| 4 |Lpepg | g | Lpepd | Lo 60°
Pipe 245 | Pipe 245 | Pipe 2p#5 | Pipe 245
1.83| 6 | tzpepxy | L3ndkg L3paht | L3papg
Pipe 2)#5 | Pipe 245 | Pipe 2345 | Pipe 245
244 8 | L3x3xp L3jxabxy | Laxdxp Léxdx}
Pipe 245 | Pipe 20#5 | Pipe 2545 | Pipe 2345
1,511 1 1.,1.1 1.,1.1
0.61 2 L1'EX12-X§ LZXZXB— LZZXZIXE LZZXZE—XI
Pipe 2%#5 Pipe 2045 | Pipe 2045 | Pipe 245
22| 4 | ehebd | 12gehg | L L3x3x) 70°
Pipe 2)#5 | Pipe 2345 | Pipe 2345 | Pipe 2345
1.83] 6 LZ%xZ%x% L3%x3%x% L3%x3%x% L4x4x%
Pire 2045 | Pipe 245 | Pipe 345 | Pipe 345
246 8 | L3x3xk Laxdx} Laxdxpe Laxdx3
Pipe 245 | Pipe 345 | Pipe 345 | Pipe 3345
MEMBER AC
N niz 2224 3336 4448 .
Rk .25 .50 .75 1.0 ANGLE,
" e
m [ ft
0.61 2 | Uhihg Dpdpg | Updpd | Lidakd
22 |4 |udakd | Lkakg | Upabg | udakd | <300
1.83 | 6 | L2xex) L2x2x) L2x2xg L2x2x‘g
2.40 | 8 | Lohebed L2pahg | L2pehg | Lejxeb
0.61 [ 2 | Udxipg Uppg | Ul Ligxip
1.22 Wb Npapg | Lpapg | Ligabd | 300
1 1 1 3 < 700
1.83 | 6 L2x2x§ L2x2x§ L2x2x§ L2x2x§ =
200 | 8 |Lopapg | lepepg | Lopahg | L2hxed
N 8896 17792 26688 35584 LT
Rk 2 2 3 2 ANGLE,
" e
m ft
061 [ 2| L Lpahg | Uapg | Lk
2z |4 fupapg | tdadg | Lexex L2pxelxy | <30°
1.83 | 6 | Loxex) L2pxepg | L2pepg | Lol
2.44 | 8 LZ-;—xZ-}x% Lepeyg | Lepepg | L3}
111 R 331 i
0.611} 2 L1§x1§x§ Ll§x1§x§ LIlesz L2x2x§
122 | 4 | Lzexd L2xaxy Lepepg | Lepxehg | >30°
0
.83 6 | L2hxepd | tehxehg | waaxk | uspald [ 27C
200 8 | L2pdhey L3x3xy Lapaapar | Laxax)
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TABLE XI. TWO-TIER STRUCTURAL ALUMINUM FRAMES

[R is reaction load carrying capacity (N = Newtons, k = kips); L* is nominal
distance between beams when length of member AC* is no greater than length
of two modules plus 15 cm (6 in.).)

MEMBER BC
N me 2224 3336 4448 LT
RTK .25 50 .75 1.0 ANGLE,
m| Tt
061 [ 2 |Uppg | Upapg | ubabd | uhadd
1224 fugakd | e L2x2x) L2x2xy 20°
1.83 | 6 fLaxend L2x2xy tepxogg | L2pxegxl
2.40 | 8 |Loxex) Lepepd | Lelxela L2jxepxt
0.61 | 2 |Lapd | udald Upapd | Udakd
124 fupapd | owed | ed | webd | o0
1.83 | 6 L2x2x% LZ%xZ%x% LZ%xZ%x% LZ%X?%X%
2.4 | 8 | L2pxepd L2pxzpxt | Laxaxg L3x3x}
0.61 | 2 |ugapd | udakd Upip | Laxexg
1.22 | 4 | L2xexd ey | Lehebd | el | a0
1.83 | 6 [Lejxehd Lepep | Lepepe L3x3xg
2.4 | 8 |L2}xahd L2px2per Laxdg L33k
0.61 | 2 |ugapd | ndakd L2x2x} Lox2xg
122 | 4 | Laxeg Lepepay | L2bxehd tpehd | so°
183 | 6 (Lpepd | Lehehg L3x3x} L3px3pct
248 | 8 | L2jx2y L3x3x} Lapxapg | Laxax)
0.61] 2 |Upapy | Lexeg Lax2xg Lexeg
122 4 Lo el | L2hxepg | Leheld |60
.83 6 [tehehd | L3y Laxaxp Labxalek
2.44 | 8 LZ%xZ%x% L3%x3%x% L3%x3%x} L4x4x%
0.61 2 |Upapd | Lexex) Laxexy Logx2pxg
22| 4 |2pepg | hepg | oteheld | usaxd 70°
.83 6 |Lzhepd | Laxaxk L3 | Lalxast
244 8 | L3x3 L3px3pg | Laxdxy Laxdxg
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TABLE X1. TWO-TIER STRUCTURAL ALUMINUM FRAMES (CONTINUED)"

[R is reaction load carrying capacity (N = Newtons, k = kips); L* is nominal
distance between beams when length of member AC' is no greafer than length
of two modules plus 15 cm (6 in.).]

MEMBER BC MEMSER BC
x 8896 17792 26683 38584 I’ N 8896 17792 26688 35584 -
R 2 4 P 8 ANGLE, RIK 2 2 3 8 ANGLE |
° e
M FT 1 14 ; M FT
1,10 1 1 1
0.611 2 [legxzpg | \Zppq | topxepg | Lopxipg 0.60 |2 |12p2pd | 2peht L3axg L3
1 1 \
PIPE 245 | PIPE 25#5 | PIPL 345 | PIPE 3545 PIPE 245 | PIPE 245 | PIPE M5 | pree 35 | soe
T L1 ToT0 7 3 .
1.22| 4 Lipxegng LZZ—xZ?xI L3l3l[ L3x3xz- 20 1.22 | & th} L4x4x} “"“g Lhﬂxg—
1 1
PIE 2345 | PIPE 2#5 | PIPE 345 | PIPE 45 PIPE 2305 | PIPE 35 | PIPE 3345 | PIPE 445
T 10 T 7.1 ] 5
1.831 6 ] L2gxemg Updpeg | Uxdsg Laxdxyg V.83 6 | Lexaxt 1525:3 L5x5x3 Léxbx}
1 1 1
PIPE 2345 | PIPE 255 | PIPE 3,45 | PIPE 415 PIPE 3¢5 PIPE 4#5 | PIPE a5 | PIPE 545
248 8 Jugapg | weg | wead | seed T ] WeA.16 | Wexd.16 | W6xs.4
3 3 3 7
PIPE 212,5 PIPE S PIPE 445 PIPE 5¢5 2.44 | 8 LSx5xg Lﬁxéxg L6xbxz Lﬁxﬁxﬁ
_____ S SR R RT PIPE 445 | PIPE 545 | PIPE 545 | PIPE 545
0.61 2 LZ;KZ%!%— LZ})(Z;-I} Lz%)(?;—l%- LZ‘ZIZ%I} W6x4.,16 W6x5.4 W6x5.4 WEx5.4
100 1 11 1 1 a1
PIPE 2Je5 | pree 25 | p1pe 345 pIpEskIs 0.61 12 | L2gx2yng Lagxzgeg | L3x3xg L3zx3yxg
) 1 ) 1
vzl e [ugepd | o Lpapg | Lpakd | w00 PIPE 2905 | PIPE 235 | pipE 205 | pupEshes
T ) 3 3 .
PIPE 2p¢5 | PIpE 2Jus | PIPE 345 | PIPE ass L2z e apdng | L Laxdxg L5xSxg 60
1 )
1.83| 6 Lm,} Léxax) ._4,4,% ,_4,(4,% PIPE 25 | PIPE 345 | PIPE 3345 | PIPE 45
PIPE 2%-5 PIPE 345 | Pipg 3}«5 etPEaes | | | f==—-- T | T | WexdlT6
T 71 3 3 I 3 3 3 3
2.44]1 8 L37132—xz Lﬂxkxg— LSxSxE L5x5x§ 1.83 |6 L4x4xz— LSxSXE L616x8- L6x615
PIPE 3#5 PIPE 3,}05 PIPE 445 PIPE 5#% PIPE 345 PIPE 4#5 PIPE 545 PIPE 5¢5
----------- W6x4.16 W6x4.16 —_———— W6x4.16 WEx5.4 WEx5.4
111 1. 1 11 T 3 3 7 1
0.61 | 2 LszZZxI Lzzxzle— LZZxZZ-x]— L3x3x4 2.44 | 8 L5x5x§ LGxSxE L6x6x‘—€ L6x612-
PIPE 2345 | PIPE 205 | PIPE 305 | PIpEsLes PIPE 445 | PIPE 545 | PIPE 545 | pIpE 645
1.22] 4 [L33g Lpapr | Laxa Laxdxy3 ac* WExd.16 W6x5. 4 W6x5. 4 WEX5. 4
PIPE 2395 | PIPE 245 | PIPE 345 | PIPE 445 0.60 |2 |L2ean) L3x3x) Lapd | Ukt
183( 6 [L3pahd Laxaxd L5x5c3 15x5x3 PIeE 235 | pive 23 | e s | pree 35
PIPE 2345 | PIPE 3345 | PIPE 485 | PIPE 605 122 [4 [Lapapa Laxdcd Lsxsxd L5xx3 70¢
——————————— N6x3.16 W6x4.16 PIPE 2005 | PIpE 35 | piee ars | pipe ans
2400 8 | Laxin L5x8xg L6x6x3 L6x6x3 mintesnlll Bttt 200 Wex4.16
3 3 3 3
PIPE 345 PIPE 445 | PIPE 545 | PIPE 505 1.83 16 |LSx5xg L5xSxg Léxbxg Léxbxg
e | wexate | wexse VxS PIPE 3365 | PIpE 55 | pIPE 515 | prE ses
W6x4.16 Wox5.4 wW6x5.4 Wox5.4
2.0 8 15x5x3 L6x6x L6x6x3 LexBx)
' ] 8 B *x2
PIPE 4#5 PIPE 545 | PIPE 645 | PIPE 645
W6x4.16 W6x5.4 W6x5.4 WEx7.85
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TABLE XI.

TWO-TIER STRUCTURAL ALUMINUM FRAMES (CONCLUDED)

[R is reaction load carrying capacity (N = Newtons, k = kips); L" is nominal
distance between beams when length of member AC' is no greater than length
of two modules plus 15 cm (6 in.).]

MEMBER AC' (FOR ALL VALUES OF TILT ANGLE e)

N 12 2224 3336 4448 8896 13344
R .25 .50 .75 1.0 2.0 3.0
L" N
m ft
0.61 1 2 | c3x1.42 | c3x1.42 | caxi.85 | caxe.16 | c5x2.32 | C6x2.83
W6x4.16 | W6x4.16 | W6x4.16 | W6x4.16 | W6x4.16 | W6x4.16
L2dx 217% Lodx2lxs L3x3x3 L3%—x3]?x—g—
T2z | 4 | C5x2.32 | C6x2.83 | C7x3.56 | Cix3.56 | C9x4.6 | C10x5.28
W6x4.16 | W6x4.16 | W6x4.16 | W6x4.16 | W6x4.16 | W6x5.4
L3x3x3 | L3px3hx) | Laxdxg Lexbxy | ——== | ———-—
T85 16 | C/x3.58 | Coxd.6 | CT0x5.28 | C12x7.41 | CI5x1T.71 | CI5x11.71
W6x4.16 | W6x4.16 | W6x4.16 | W6x4.16 | W6x5.4 | W10x7.3
Laxdxl | C5xBxy | LBxSxp | L6x6xy ——— | ————
540 | 8 | C10x5.28 | C12x7.41 | C12x7.81 | C15x11.71 | CI6x11.71
W6xA.16 | W6x5.4 | W6x5.4 | W6x5.4 W10x7.3 | W8x10.72
L5x6x) | Lbx6xy | Lbxbxy | ———— | ———— | =———
N | 17792 22240 26688 31136 35584
R 4 5 6 7 8
m | ft
0.61 | 2 | C7x3.54 C7x3.54 C8x4.25 C8x4.25 C9x4.6
W6x4.16 W6x4.16 W6x4.16 W6x4.16 W6X5.4
1.22 | 4 | c12x7.47 Cl2x7.41 | Cl2x7.41 | Ci5x11.71 | C15x11.71
W6X5. 4 W8X5.9 W8X5.9 W10x7.3 W10x7.3
1.831 6 | Ci5x11.71 | Ci5x17.28 | C15x17.28 | PIPE 8480 | —— — —
W10x7.3 W10x7.3 W8x10.72 | Wex10.72 | wex10.72
244 |8 | ———— | == === ] ===
W8x10.72 Wex10.72 | wex12.99 | ———= | ———--
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TABLE XII. MAXIMUM MOMENT CAPACITY OF COLD-FORMED STEEL SHAPES USED AS BEAMS*

(Mnax 1S maximum moment capacity; Le 1s maximum unbraced length of compression
member; L. = 0.61 m (2 ft) in all cases.]

TWO CHANNELS Mmax CHANNEL Mmax

BACK TO BACK N-m 1 in.-k Nem | in.-k
2€3x2.31 1991 . | 17.63 C3x1.16 994 8.83
2€3.5x2.71 2730 | 24.17 €3.5x1.36 | 1214 10.75
2C4x2.88 3244 | 28.72 C3x1.47 1249 11.06
2C5x3.21 3965 | 35.1 €3.5x1.68 | 1681 14.87
2C6x4.91 5825 | 51.56 C4x1.79 1902 16.84
2C7x6.99 8584 | 75.98 C3.5x2.14 | 2096 18.56
2C6x8.47 13463 }119.168 C4x2.27 2500 22.13
2C7x9.71 17907 |158.5 C5x2.53 2937 25.99
208x10.8 22689 | 200.83 C5x3.5 4507 39.9
2C9x11.9 28007 | 247.9 C6x4.23 5473 48.45
2C10x13.1 30978 |274.2 C6x5. 37 8414 74.48
2C10x17.0 43876 | 388.36 C7x6.17 9171 81.18
2C12x18.8 56195 |497.4

HAT Mmax

SECTION T

H1.5x.768 237 2.1

H2x.977 425 3.77

H3x1.40 892 7.9

H4x1.81 1450 12.84

H6x2.65 2112 18.7

H8x4 . 4 3205 28.37

H8X5.57 5339 47.26

H10x11.7 15094 | 133.6

H10x17.6 28519 | 252.43

*Notes and figures for structural steel beam splicing are applicable to cola-
formed steel.
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 TABLE XIII. CONNECTION OF TWO CHANNELS BACK TO BACK (SEE SﬁCTION 4.7.1.4)

S max is maximum allowable spacing of bolts; L" is nominal distance between
beams when Tength of member AC' is no greater than length of one module
plus 15 cm (6 in.); and © is tilt angle.

Member BC
L Tilt angle, o
20° 30° 40° 50° 60° 70°
m ft Values of Smax
One Tier
0.61 2 8 11 15 18 23 25 cm
3 4.5 6 7 9 10 in.
1.22 4 15 23 30.5 38 43 51 cm
6 9 12 15 17 20 in.
1.83 6 23 34 46 56 66 76 cm
9 13.5 18 22 26 30 in.
2.44 8 30.5 46 61 76 89 102 cm
12 18 24 30 35 40 in.
Two Tier
0.61 2 18 23 28 | 32 40 45.5 cm
7 9 11 13.5 16 18 in.
1.22 4 35.5 46 56 68.5 80 91 cm
14 18 22 27 31.5 36 in.
1.83 6 52 68.5 86 103 119 137 cm
20.5 27 34 40.5 47 54 in.
2.44 8 68.5 91.5 114 137 160 183 cm
27 26 45 54 63 72 in.
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TABLE XIV. ONE-TIER COLD-FORMED STEEL FRAMES

[R is reaction load carrying capacity (N = Newtons, k = kips); L* is nominal
gistance between beams when length of member AC is no greater than length of
one module plus 15 ¢m (6 in.).]

MEMBER BC
FOR R < 4448 N (<IK) USE €3x1.16 IN ALL CASES
N 8896 17792 26688 35584 - TILT
R 2 4 6 B |ANGLE,
L m 8
m ft
0.61] 2 C3x1.16 C3x1.16 C3x1.16 €3.5x1.36
1.22] 4 €3x1.16 C3x1.16 C3x1.16 C3.5x1.36 20°
1.83) 6 £3x1.16 €3x1.16 €3x1.16 C3x1.47
2.44| 8 €3x1.16 C3x1.16 €3.5x1.36 C3x1.47
0.61) 2 €3x1.16 C3x1.16 C3x1.16 C3x1.47
1.22 4 C3x1.16 C3x1.16 C3x1.16 €3x1.47 30°
1.83| 6 C3x1.16 €3x1.16 €3.5x1.36 | €3.5x1.68
2.44 1 8 C3x1.16 C3x1.16 C3x1.47 C4x1.79
0.61} 2 €3x1.16 C3x1.16 C3x1.16 C3x1.47
1.22| 4 C3x1.16 C3x1.16 €3.5x1.36 C3x1.47 40°
1.83] 6 €3x1.16 €3x1.16 C3x1.47 C4x1.79
2.44 | 8 C3x1.16 C3.5x1.36 C4x1.79 C5x2.0
0.61 2 C3x1.16 C3x1.16 C3.5x1.36 C3x1.47
1.221 4 €3x1.16 C3x1.16 C3x1.47 Cax1.79 50°
1.83] 6 €3x1.16 €3.5x1.36 | C4x1.79 C5x2.0
2,441 8 C3x1.16 €3x1.61 €5x2.0 2C3x2.31
0.61 2 €3x1.16 €3x1.16 €3.5x1.36 | C€3.5x1.68
1.22] 4 €3x1.16 C3x1.16 €3.5x1.68 C5x2.0 60°
1.831 6 C3x1.16 C5x1.61 C5x2.0 2C3x2.31
2.44| 8 €3.5x1.36 | C4x2.27 2C3x2. 31 2C3x2.31
0.61] 2 €3x1.16 €3x1.16 €3.5x1.36 | C3.5x1.68
1.22] 4 €3x1.16 €3.5x1.36 | C€4x1.79 C4x2.27 70°
1.83}1 6 €3.5x1.36 | C5x1.61 C4x2.27 2C3x2.31
2.44} 8 cax2.27 C4x2.27 2€3x2.3) 2C3.5x2.7%
MEMBER AC
FOR R < 4448 N (1K) USE C3x1.16 IN ALL CASES
N 8896 17792 26688 35584 TILT
R 2 4 6 8 ANGLE,
" ]
m ft

0.61 | 2 €3x1.16 €3x1.16 €3x1.16 €3x1.16
1.22 | 4 €3x1.16 C3x1.16 €3x1.16 €3x1.16 <30°
1.83 | 6 €3x1.16 €3x1.16 €3x1.16 €3x1.16
2.44 | 8 £3x1.16 C3x1.16 €3.5x1.36 | C3.5x1.36
0.61 | 2 €3x1.16 €3x1.16 €3x1.16 €3.5x1.36
V.22 | 4 C3x1.16 €3x1.16 C3x1.47 €3x1.47 >30°
1.83 16 €3x1.16 C5x1.61 €5x1.61 €5x2.0
2.441 8 C3x1.16 C4x2.27 t4x2.27 2C3x2.31
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TABLE XV.

TWO-TIER COLD-FORMED STEEL FRAMES

[R is reaction loac carrying capacity (N = Newtons, k = kips); L" is nominal
gistance between beams when length of member AC' is nc greater than length of
one mooule plus 15 cm (6 in.).]

MEMBER BC
N M2 2224 3336 4448 8896 17792 26688 35584 LT
k .25 .50 .75 1.0 2 4 6 8 AN&LE.
m ft
RN C3x1.16 C3x1.16 C3x1.16 C3x1.16 C3x1.16 | C3x1.16 203x2.95 | 2C3x3.65
1.22 | 4 €3x1.16 C3x1.16 €3x1.16 £3x1.16 203x2.31 | 203x2.31 | 2€3.5x3.37 | 2C3x3.65 20°
1.83 | 6 C3x1.16 C3x1.16 €3x1.16 C3x1.16 203x2.31 | 2C3x2.31 | 2€3.5x3.37 | 2c3.5x4.27
2.44 | 8 €3x1.16 €3x1.16 €3x1.16 €3.5%1.36 | 2C3.5x2.71 [2€3.5x2.71 | 2C3x3.65 | 203.5x4.27
6|2 C3x1.16 C3x1.16 C3x1.16 C3x1.16 2C3x2.31 | 2C3x2.31 | 2C3x2.95 | 2C3x3.65
1.22 | 4 C3x1.16 C3x1.16 €3x1.16 £3x1.16 203x2.31 | 203x2.31 | 2€3x2.95 | 2C3x3.65 30°
1.83 | 6 €3x1.16 C3x1.16 C3x1.16 €3.5x1.36 | 2C3x2.31 | 2c3.5x2.71 | 2€3.5x3.37 | 2C3.5x4.27
2.48 | 8 C3x1.16 €3x1.16 €3.5x1.36 | Cax1.44 203x2.31 | 203.5x2.71 | 23.5x3.37 | 2¢3.5x4.27
61| 2 C3x1.16 C3x1.16 C3x1.16 C3x1.16 2C3x2.31 | 2C3x2.31 2C3x2.95 | 203.5x3.37
1.22 | & C3x1.16 €3x1.16 C3x1.16 C3x1.16 | 2C3x2.31 | 2c3x2.31 2€3.5x3.37 | 2C3x3.65 40°
1.83 | 6 C3x1.16 €3x1.16 €3.5x1.36 | €3.5x1.36 | 2€3x2.31 | 2€3.5x2.71 | 2C3.5x3.37 | 2C3x3.65
2.04 | 8 €3x1.16 €3.5x1.36 | C4x1.44 €5x1.61 203x2.31 | 2C3.5x4.27 | 2€3.5x3.65 | 2C3.5x5.9
6| 2 C3x1.16 C3x1.16 C3x1.16 C3x1.16 | 2C3x2.31 | 2C3x2.31 | 2C3x2.95 | 2C3x3.65
1.22] 4 €3x1.16 C3x1.16 C3x1.16 e3x1.16 | 2e3x2.31 | 2c3x2. 3 203.5x3.37 | 2€3.5x4.27 | 50°
1.83 | 6 C3x1.16 €3x1.16 C5x1.61 €5x1.61 203x2.31 | 2€3.5x3.37 | 2C3.5x4.27 | 2C3.5x5.9
2.40 | 8 C3x1.16 Cax1.44 €5x1.61 £5x2.0 203.5x2.71 | 2€3.5x4.27 | 2€3.5x5.9 | 2€3.5x7.45
6] 2 C3x1.16 C3x1.16 C3x1.16 C3x1.16 | 2C3x2.31 | 2C3x2.31 | 2C3.5x2.71 | 2C3x2.95
1.22 | 4 C3x1.16 €3x1.16 €3.5x1.36 | C3.5x1.36 | 2€3x2.31 | 2C3x2.31 203x2.95 | 2C3x3.65 60°
1.83 | 6 €3x1.16 €3.5x1.36 | €3.5x1.44 | €5x1.61 203x2.31 | 2€3.5x3.37 | 2€3.5x4.27 | 203.5x5.9
2.4 | 8 €3x1.16 €5x1.61 €5x2.0 €3.5x2.14 | 2€3.5x2.71 | 2C3.5x7.45 | 2C3.5x7.45 | 2C6x8.47
6| 2 C3x1.16 €3x1.16 C3x1.16 C3x1.16 203x2.31 | 2C3x2.31 2C3.5x2.71 | 2C3.5x3.37
1.22 | 4 €3x1.16 €3x1.16 €3.5x1.36 | C3.5x1.36 | 2€3x2.31 | 2C3.5x2.71 | 2€3.5x3.37 | 2C3.5x4.27 | 70°
1.83 | 6 C3x1.16 €3.5x1.36 | C5x1.61 €5x2.0 203.5x2.71 | 2€3.5x4.27 | 2€3.5x5.9 | 2¢3.5x7.45
2.44 | 8 €3x1.16 C5x1.61 €5x2.0 203x2.31 | 23.5x3.37 | 2¢3.5x5.9 | 2C6x8.47 | 2c9x8.56
MEMBER AC' (FOR ALL VALUES OF TILT ANGLE o)
TN e 2224 3336 4448 8896 13344
RIT% 25 750 75 1.0 2.0 3.0
m ft
611 2 1C3x1.16 | C3.5x1.68 | 23.5x2.71 2cax2.88 | 2C6x4.91 | 2¢7x5.54
1.22] 8 | c3.5x1.68 |2cax2.88 | 2c6x4.91 |2c6x4.91 | 2c8x6.17 | 2c9x8.56
1.83] 6 | 203.5x2.71|2C6x4.91 | 2C6x4.91 |2C7x5.54 | 2cox8.56 |2c12x14.6
2.06 | 8 | 2caxz.88 |2c6x4.91 | 2¢7x5.54 |2c8x6.17 | 2c10x9.34 | 2c12x14.6
N 17792 22240 26688 31136 35584
RI% 3 5 3 7 8
m | ft
61| 2 | 2c8x6.17 209x8.56 | 2C9x8.56 2010x9.34 | 2C12x14.6
1.22| 4 |2010x9.38 | 2c12x14.6 | 2c12x18.6 | 2c12x14.6 | 2c12x18.8
1.83| 6 | 2c12x18.6 | 2c12x14.6 | 2012x18.8 | —=——=— | —=———
2.4 8 | 2012x14.6 | 2012x18.8 | ~=— == | ————e | e
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TABLE XVI. SCHEDULE FOR COLD-FORMED STEEL
SINGLE CHANNEL AND DOUBLE CHANNEL SECTIONS

y
x
A. Single Channel =
L SIZE t d R AREA WEIGRT
D B
mm in. mm in. mm in, mm in, mm in. mirt in? N/m | 1b/ft
78 | 7.0 [ 9.9 | 2.75 | 3.43 135 20.3 .80 | 4.7¢ 1 3/16 | 1142 1.77 90.0 | 6.17
152 6.0 | 63.5 | 2.50 | 3.43 | .135 [ 17.8 .70 | 476 | 316 994 1.54 78.4 | 5.37
2.67 | .105 | 17.8 .70 | 4.7 | 316 781 1.21 61.7 | 4.23
127 5.0 | s0.8 [ 2.00 | 2.67 | .105 | 17.8 70 | 476 | 3116 645 1.00 51.1 | 3.50
1.91 | .075 | 15.2 60 | 2.38 | 3/32 468 726 | 36.9 | 2.53
1.52 | .060 | 12.7 50 | 2.3 | 3/32 370 573 | 29.2 | 2.00
1.22 | 048 | 12.7 50 | 2.3 | 3/32 297 461 | 23.5] 1.6
102 a0 | 50.6 | 2.00 | 1.91 | 075 | 15.2 | .60 | 2.3 | 3/32 | 420 651 | 331 | 2.27
1.52 | 060 | 12.7 .50 | 2.3 | 3/32 331 513 | 26.1 | 1.79
1.22 | .048 | 12.7 .50 | 2.38 | 3732 266 413 | 210 1.44
89 3.5 | 50.8 { 2.00 [ 1.91 | .075 | 15.2 .60 | 2.38 [ 3/32 395 613 | 31.2 | 2.14
1.52 | .060 | 12.7 50 | 2.33 | 3/32 312 483 | 24.5 ] 1.68
1.22 | .048 | 12.7 .50 | 2.33 | 3/32 251 389 | 19.8{ 1.36
76 3.0 | 44.5 | 1.75 | v.s2 | .060 | 12.7 50 | 2,38 | 3732 273 423 | 215 | 1.47
1.22 | .048 | 10.2 40 | 2.3 | 3/32 214 331 | 16.9 | 1.16
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TABLE XVI. SCHEDULE FUR COLD-FORMED STEEL
SINGLE CHANNEL AND DOUBLE CHANNEL SECTIONS (CONCLUDED)

8 —
s
t ]

B. Double Channel

SIZE t d R AREA WEIGHT
B
mm in. | mm in, | mm in, | mm in. o in, | o iné Nmo | 1bsft
305 2.0 |78 7.0 | 7337 T35 [T 25.4 | 1.00 | 4.76 | 3716 | 3490 | 5.4 270 [ 18.8
2.67 | 105 | 22.9 | .90 | 4.76 | 3716 | 2703 | 4.19 | 213 | 14.6
254 0.0 [ 178 [ 7.0 | 3.43 | 135 | 25.4 | 1.00 | 4.76 | 3/16 | 3142 | 4.87 28 | 17.0
2.67 .105 22.9 .90 4,76 3/16 2432 3.77 191 13.1
1.91 | .o75 | 17.8 70 | 2.38 | 332 | 1729 2.68 136 | 9.34
229 9.0 | 165 | 6.5 2.67 | 105 | 20.3 .80 | 4.76 | 3/16 | 2206 3.42 174 | .9
1.91 | .075 | 17.8 70 | 2.38 | 3732 | 1587 2.46 125 | 8.56
203 8.0 | 152 | 6.0 | 2.67 | .105 | 20.3 .80 | 4.76 | 3/16 | 2000 | 3.10 | 158 | 10.8
1.52 1 060 | 15.2 60 | 2,38 | 32 | a2 | 177 90.0] 6.17
178 7.0 | 140 | s.s | 2.67 | 105 | 20.3 .80 | 4.76 | 316 | 1800 | 2.79 12 | an
1.91 | 075 | 17.8 g0 | 2.3 | 332 | 1297 | 2.0 102 | 6.99
1.52 | .060 | 15.2 .60 | 2.38 | 3/32 | 1025 1.53 80.9] 5.54
152 6.0 | 127 5.0 | 2.67 | .105 | 17.8 .70 | 4.76 | 3/16 | 1568 | 2.43 124 | 8.47
1.52 | .060 | 15.2 60 | 2.38 | w32 | 910 |1.a n.g a9
127 5.0 | 102 | 4.0 | 1.22 | .0a8 | 12.7 .50 | 2.8 | 3/32 | 595 | 0.922 | 46.8] 3.21
102 4.0 | w2 | 4.0 | 1.22 | .o | 12.7 .50 | 2.38 | 3/32 533 | 0.826 | 42.0] 2.88
89 | 3.5 | 102 | 4.0 3.43 | 38 | 17.8 .70 | 4.76 | 3716 | 1381 2.4 109 7.45
2.67 | .105 | 17.8 .70 | 4.6 | 316 | 1090 1.69 86.1] 5.90
1.91 ] o075 | 15.2 .60 | 2.38 | /32| 793 1.23 62.3| 4.27
1.52 | .060 | 12.7 50 | 2.38 | 332 | 623 | o0.966 | 4s.2] 3.37
1.22 | .048 | 12.7 50 | 2.38 | /32 502 | 0.778 39.6] 2.7
76 3.0 | 89 | 3.5 | v.ov | .o75 | 127 .50 | 2.38 | /32 | 617 | 1.05 53.9] 3.65
1.52 | .060 | 12.7 .50 | 2.38 | /32 546 | 0.8a6 | 431 2.95
1.22 | .048 | 10.2 40 | 2,38 | 332 | 428 | 0.663 33.7] 2.31
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TABLE XVII.

SCHEDULE FOR COLD-FORMED STEEL HAT SECTION

e\

¥ —_1__'
X . .  §
—J |
d y L—d—{
8, —

STZE t Bo d R WE[GHT

8

cm in. cm in. mm in, cm in. cm in. mm in. N/m 1bifL
25.4 | 10.0 | 8.7 | 15.0 | 3.43 | 135 | 46.0 | V8.1 | 4.24 | 1.67 | 4.76 | 3/16 | 256.8]17.6
25.4 ] 10.0 | 25.4 [ 1000 [2.67 [ .05 | ;.8 125 [ 340 | 138 | 476 | 306 | 1707 117
1.9 | .o75 | 29.7 | 117 | 2.3 | .915 | 2.38 | 3732 | 119.4| 8.18
20.3 8.0 | 10.2 |, 4.0 11.9v | 075 | 14.4 5.68 | 2.3¢ | .915 | 2.38 | 3/32 8.3} 5.57
1.52 | 060 | 13.7 5.38 | 1.90 | .750 | 2.38 | 3/32 64.21 4.40
15.2 6.0 | 7.6 3.0 | 1.22 | 098 | 10.5 | 4.14 | 1.57 | .618 | 2.38 | 3/32 38.7] 2.65
10.2 4.0 5.1 2.0 | 1.22 | .048 7.98 | 3.14 | 1.57 | .618 | 2.38 | 3/32 26.4| 1.81
7.6 3.0 | 3.8 1.5 | 1.2z | 098 | 6.71 | 2.66 | 1.6/ | .618 | 2.38 | 3/32 20.41 1.40
5.1 2.0 | 26 1.0 [1.22 | .v48 5.4 | 2.14 | 1.7 | .618 | 2.38 | 3/32 14.3] 0.977
7.8 1.5 1.91 75 | 1.22 | .048 | 4.80 | 1.89 | 1.57 | 618 | 2.38 | 3/32 .21 0.768

TABLE XVIII.

[R is reaction load carrying capacity (N = Newtons, k = kips).]

(SEE FIGURES 39 AND 47)

R SC,S\EE PLATE THICKNESS g\gf?OglAMETER ?3&?3&2?”

N Lk TYPE mm in, mm n. cm in.
35586 | & 2 15.87 5/8 9.1 3/4 12.7 5
5 9.53 3/8 25.4 1 20.3 8

26689 | 6 2 2.7 1/2 15.9 5/8 10.2 4
g 9.53 3/8 19.1 374 20.3 8

17793 | & 2 12.7 /2 12.7 172 10.2 I3
5 6.53 1/4 15.9 5/8 15.2 6

8896 | 2 2 9.53 3/8 2.7 172 10.2 2
5 6.53 1/4 15.9 5/8 15.2 6

a288 | 1% 7.92 5/16 12.7 172 16.2 s
2 7.9¢ 5/16 12.7 172 10.2 4

4 7.9¢ 5/16 15.5 5/8 15.2 6

<4848 | <1 T 6.53 /4 12.7 172 10.2 3
2 6.53 174 12.7 172 10.2 4

4 6.53 1/4 12.7 V/2 10.2 a

*Applicable to one-tier structure only.
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TABLE XIX. SCHEDULE FOR COLD-FORMED STEEL FOUNDATION CONNECTION AT B
(SEE FIGURES 39 AND 47)

[R is reaction load carrying capacity (N = Newtons, k = kips).]

- i

R ShsE PLATF THICKNESS BOLT DIAMETER IE\L‘KEEBS‘E:?L

N k TYPE mm in, mm in, cm in.

35586 8 Y 9.3 3/8 19.1 3/4 12.7 5
5 6.53 (¢.53%) IS 19.1 374 [20.3 (12.7%)] 8 (5%)

26669 | 6 3 9.53 378 2.7 172 1577 5
5| 6.53 (5.53) § 0 | 1502 | 2 (s (2| 8 (sv)

17763 | 4 2 2.7 172 15.9 5/8 6.2 3

g 12.7 172 15.9 5/8 10.2 4

5 6.53 1/4 15.9 5/8 20.3 8

€896 | 2 2 9.53 3/8 12.7 1/2 10.2 3

" 9.53 3/8 12.7 172 10.2 4

5 6.53 1/4 15.9 5/8 15.2 6

4288 | 1 » 7.94 5/16 12.7 1/2 10.2 4

4 7.94 5/16 12.7 1/2 10.2 4

4448 | < A 6.53 174 12.7 1/2 10.2 3

2 6.53 18 12.7 12 10.2 4

3 6.53 1/4 12.7 1/2 10.2 4

*Applicable to one-tier structure only.
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TABLE XX.

[See Figure

SCHEDULE FOR FOUNDATION TYPE a

36 for dimension designations. ]

TYPE S W L 2
m ft m ft m ft m ft cm in. | BARS
.18 .5 1.37 4.5 2.58L & .46 1.5 40.6 16 (18
.3c 1.0 1.82 e 2.2 7 .61 2.0 AC.6 1€ (8
la .46 1.5 1.83 €.0 1.83 6 .61 2.0 40.6 1€ [ 133
.61 2.C 1.83 6.0 1.83 [ N 2.0 40.6 16 [
.76 2.5 2.13 7.0 1.52 5 .76 2.5 40.6 16 6%
.15 .5 1.22 4 2.74 9 .30 1 40.6 16 6s2
.30 1.0 1.22 4 2.74 ] .30 1 40.6 16 6+t
2a .46 1.5 1.52 5 2.13 7 .38 1.25 40.6 16 6#%
.61 2.0 1.52 5 2.13 7 .38 1.25 40.6 1€ [
.7 2.5 1.83 6 1.83 6 .46 1.50 40.6 10 [
.15 .5 1.22 4 2.74 9 .15 .5 30.5 1¢ 41
.30 1.0 1.22 4 2.74 9 A5 .5 30.5 12 4
3a .46 1.5 1.22 4 2.74 9 .15 .5 30.5 12 44t
.61 2.0 1.37 4.5 2.44 8 .30 1 30.5 12 6#%
.76 2.5 1.52 5 2.13 7 .30 1 30.5 12 6#%
15 .5 1.37 4.5 2.44 8 .15 .5 30.5 12 44%
.30 1.0 1.37 4.5 2.44 8 .15 .5 30.5 12 4§=
4a .46 1.5 1.37 4.5 2.44 8 .15 .5 30.5 12 44
.61 2.0 1.37 4.5 2.44 8 .15 .5 30.5 12 (X33
.76 2.5 1.37 4.5 2.44 8 .15 .5 30.5 12 (343
.18 .5 1.52 5 1.52 5 .46 1.5 40.6 16 6#5
.30 1.0 1.83 6 1.22 4 .61 2.0 40.6 16 64¢
5a .46 1.5 2.13 7 1.07 3.5 .76 2.5 40.6 16 B#E
.61 2.0 2.44 8 9 3 .76 2.5 40.6 16 6#F
.76 2.5 2.74 9 .9 3 .76 2.5 40.6 16 6t
.15 5 1.22 4 1.93 6.33 .30 1 30.5 12 4%c
.30 1.0 1.52 5 1.52 5 .46 1.5 30.5 12 4¢c
6a .46 1.5 1.60 5.2% 1.52 g .46 1.5 3C.5 12 SET
.61 2.0 1.83 6 1.30 4.25 .46 1.5 30.5 12 64t
.76 2.5 2.13 7 1.12 3.66 .61 2.0 30.5 12 6#%
15 .5 1.22 4 1.83 6 .30 1 30.5 12 4#:
.30 1.0 1.37 4.5 1.74 5.7 .30 1 30.5 12 4ic
7a .46 1.5 1.37 4.5 1.74 5.7 .30 1 30.5 12 445
.61 2.0 1.52 5.0 1.52 5 .30 1 30.5 12 4#E
.76 2.5 1.60 5.25 1.52 5 .30 1 30.5 12 4#c
.15 .5 1.52 5 1.52 5 .15 .5 30.5 12 4#2
.30 1.0 1.52 5 1.52 5 .15 .5 30.5 12 44c
Ba .46 1.5 1.52 5 1.52 5 .15 .5 30.5 12 45t
.61 2.0 1.52 5 1.52 5 .15 .5 30.5 12 45¢
.76 2.5 1.52 5 1.52 5 .15 .5 30.5 12 4%:
.15 .5 1.52 5 1.52 5 - - 30.5 12 445
.30 1.0 1.52 5 1.52 5 - - 30.5 12 4
9a .46 1.5 1.52 5 1.52 5 - - 30.5 12 4#%
.61 2.0 1.52 5 1.52 5 - - 30.5 12 523
.76 2.5 1.52 5 1.52 5 - - 30.5 12 44
+ Re-bar number and size.
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TABLE XX. SCHEDULE FOR FOUNDATION TYPE a (CONTINUED)

[See Figure 36 for aimension designations. ]

TYPE S W L K T 2t
m ft m ft m ft m ft cm in. BARS
.15 .5 | 1.60 | 5.25 9 | 3 61 | 2 30.5 12 a¢:
.30 10| .e3 | 6 81 | C.66 6 | 2 36.5 12 4s:
10a .46 1.5 |23 | 7 .70 | 2.29 76 | 2.5 30.5 12 4st
.61 2.0 | 2.44 | 8 61 | 2 76 | 2.5 30.5 12 44t
.76 2.5 1274 | 9 61 | 2 76 | 2.5 30.5 12 6#2
.15 5 1 1.22 | & 1.22 | & .30 | 1 30.5 12 T
.30 1.0 | 1.52 | s 1.00 | 3.2 46 ] 1.5 30.5 12 I
Nea .46 1.5 | 1.68 | 5.5 .88 | 2.9 51 | 2 3c.5 12 a#s
.61 2.0 {1.83 | 6 .81 | 2.66 81| 2 30.5 12 4=
.76 25 213 | 7 .70 | 2.29 61 | 2 30.5 12 a:z
.15 S5 1122 | g 1.22 | 4 .30 | 1 30.5 12 482
.30 1.0 | 1.22 | 4 1.22 | 4 .30 | 1 30.5 12 4t
12a .46 1.5 | 1.22 | & 1.22 | 4 30 |1 30.5 12 4z
.61 2.0 [1.52 | 5 1.00 | 3.2 .30 | 1 30.5 12 e
.76 2.5 [ 1.68 | 5.5 .88 | 2.9 .46 | 1.5 30.5 12 44z
.15 5| 122 | 4 1.22 | 4 .15 .5 30.5 12 4t
.30 1.0 | 1.22 | 4 1.22 | 4 .15 .5 30.5 12 agc
13a .46 1.5 [ 1.22 | & 1.22 | & .15 .5 30.5 12 4sz
.61 2.0 [1.22 | 2 1.22 | 4 .15 .5 30.8 12 4+t
.76 2.5 |1.22 | a 1.22 | 4 .15 .5 30.5 12 4#s
15 5 | 1.22 | & 1.22 | 4 - - 30.5 12 4z
.30 1.0 | 1.22 | 2 1.22 | 2 - - 30.5 12 ags
14a .46 1.5 [1.22 1 2 1.22 | 4 - - 30.5 12 4¢s5
.61 2.0 [1.22 | a 1.22 | 4 - - 30.5 12 4¢5
.76 25 |1.22 | a 1.22 | 4 - - 30.5 12 44z
.15 5 [ 122 | a .69 | 2.25 R 30.5 12 4#%
15a .30 1.0 {152 | 5 .55 | 1.8 46 | 1.5 30.5 12 4z
.46 1.5 [1.83 | 6 .46 | 1.5 46 | 1.5 30.5 12 4¢s
.15 .5 [ 107 | 3.5 76 | 2.5 .15 .5 30.5 12 a#t
.30 1.0 | 1.22 ] 4 .69 | 2.25 30 |1 30.5 12 ITE
162 .46 1.5 | 1.8 5 55 | 1.g .36 | 36.5 12 2z
.61 2.0 [1.52 | 5 55 | 1.8 .30 | 30.5 12 445
.76 2.5 11.83 | 6 A6 | 1.5 46 | 1.5 30.5 12 4t
.15 .5 9 | 3 9 | 3 - - 30.5 12 45
.30 1.0 .99 | 3.25 .84 | 2.76 .15 .5 30.5 12 ¥
17a .46 1.5 | 1.07 | 3.5 76 | 2.5 15 .5 30.5 12 44
.61 20 {1.22 | 1 .69 | 2.25 15 .5 30.5 12 gex
.76 25 152 | s .55 | 1.8 30 | 1.0 30.5 12 4z

+ Re-bar number and size.
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TABLE XX. SCHEDULE FOR FOUNDATION TYPE a (CONCLUDED)

[See Figure 36 for dimension designations. ]

TYPE S W L K 1 a4+
m ft m ft m ft m ft cm in BARS
.15 .5 91 |3 91 |3 - - 30.5 12 44t
.30 1.0 91 13 91 | 3 - - 30.5 12 4t |
18a .46 1.5 91 | 3 91 | 3 - - 30.5 12 I
.61 2.0 .99 | 3.25 .84 | 2.76 - - 30.5 12 4t
.76 2.5 |1.07 | 3.5 .76 | 2.5 - - 30.5 12 4si
192 |.15-.76] .5-2.5] .91 | 3 . | 3 - - 30.5 12 4es |
.15 5 |1.83 | 6 1.52 | 5 .76 | 2.5 40.6 16 4st
.30 1 213 | 7 1.37 | 4.5 91 | 3 40.6 16 48
202 .46 1.% 2.13 7 1.37 4.5 .91 3 4.6 16 B¢t
.61 2.04 | 8 1.22 | 4 9 | 3 40.6 16 TH
.76 2.5 | 2.4 | 8 1.22 | 4 9 | 3 40.6 16 6t:
.15 213 | 7 1.52 | & 1.07 | 3.5 40.6 16 6EE
2la .30 2143 | 7 1.52 | 5 1.07 | 3.5 40.6 16 I
.46 1.5 | 2.40 | 8 1.37 | 4.5 1.07 | 3.5 40.6 16 645
15 . 2.74 | 9 61 | 2 1.22 | 4 30.5 12 44c
22a .30 ] 2.74 | 9 61 | 2 1.22 | 4 30.5 12 44
.46 1.5 [2.74 | 9 61 | 2 1.22 | a 30.5 12 4t
15 5 | 2.3 | 7 1.98 | 6.5 1.07 | 3.5 * . 467
23a .30 1 2.4 | 8 183 | 6 i.2z | 4. - = .
.46 1.5 | 2.78 | 9 1.52 | 5 1.37 | 4.5 * * 4£7
15 . 2.44 | 8 2.26 | 7.4 1.22 | 4 * * Iy
24a .30 ] 2.74 | 9 2.06 | 6.75 [ 1.37 | 4.5 * * 440
.46 1.5 {274 | 9 2.06 | 6.75 | 1.37 | 4.5 - * ase

+ Re-bar number and size.
* Pedestal to be 40.6 cm by 40.6 cm (16 in. by 16 in.) square; bottom slab
bars in long direction to be #4 at 6 in. 0.C.
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TABLE XXI. SCHEDULE FOR FOUNDATION TYPE b

[See Figure 37 for dimension designations.]

* Foundation aimensions ana reinforcement for typical founaations.

TABLE XXII.

SCHEDULE FOR FOUNDATION TYPE c

[See Figure 38 for dimension designations.]

L N Above Grade Selection

m ft N m 0.15 G.30 0.46 0.61 6.76
1o 2.70 8.86 ft .5 1.0 1.5 2.0 2.5
2b 2.59 8.5 A |m 2.51 2.62 2.73 2.82 2.9
3b 2.26 7.4 ft 8.25 | 8.60 8.95 9.25 9.5¢
&b 2.13 7.0 a |om |#ae2s #4025 #4020 #5028 $5@23
5b 1.95 6.4 BARS] in. |#4€10 #4810 #468 #5011 #5E0
65 1.68 5.5
76* | 1.37 4.5
8b 1.45 4,75
9b 1.30 4,25
10b 1.14 3.75
11b* .91 3.0
12b .76 2.

TYPE DIAMETER c A a +
cm in. m ft m ft BARS

0.15 0.5 1.83 6.0 445

.30 1.0 1.95 6.4 445

1c 46 18 .46 1.5 2.06 6.75 445
.61 2.0 2.13 7.0 445

.76 2.5 2.21 7.25 445

2c 46 18 0.15-0.76 0.5-2.5 2.21 7.25 445
3c 46 18 0.15-0.76 0.5-2.5 2.90 9.5 445
C.15 0.5 2.59 8.5 4#5

.30 1.0 2.67 8.75 4#5

4c 46 18 .46 1.5 2.82 9.25 445
.81 2.0 2.90 9.5 445

.76 2.5 2.97 9.75 445

0.15 0.5 1.98 6.5 445

.30 1.0 2.13 7.0 445

5¢ 61 24 .46 1.5 2.21 7.25 447
.61 2.0 2.29 7.5 447

.76 2.5 2.36 7.75 447

0.15 0.5 2.74 9.0 4#7

.30 1.0 2.82 9.25 447

6c 61 24 .46 1.5 2.97 9.75 447
.61 2.0 3.05 10.0 447

.76 2.5 3.12 10.25 447

Re-bar number and size.
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TABLE XXII. SCHEDULE FOR FOUNDATION TYPE c (CONCLUDED)

[See Figure 38 for dimension designations.]

TYPE DIAMETER c A a’
cm in. m ft m ft BARS

7c 61 24 0.15-0.76 | 0.5-2.5 2.67 £.75 4#7
8¢ 61 24 .15- .76 .5-2.5 3.20 10.5 447
5¢ 61 24 15- .76 .5-2.5 3.96 13.0 as?
10c 61 24 .15- .76 .5-2.5 4.88 16.0 457
0.15 0.5 3.2 10.25 457

.30 1.0 3.2C 10.5 477

Nc 61 24 .46 1.5 3.35 .o 447
.61 2.0 3.43 11.25 447

.76 2.5 3.58 11.75 447

12¢ 61 24 0.15-..76 | 0.5-2.5 5.18 17.0 447
13c 61 2 .15- .76 .5-2.5 6.10 20.0 447
14c 7 28 .15- .76 .5-2.5 3.96 13.0 647
15¢ 76 30 15- .76 .5-2.5 4.65 15.25 847
16¢ 61 24 A5~ .76 .5-2.5 3.66 12.0 447
17¢ 46 18 .15- .76 .5-2.5 3.05 10.0 445
18¢ 46 18 J15- .76 .5-2.5 1.75 5.75 445
19¢ 61 28 .15- .46 .5-1.5 2.90 9.5 447
20c 61 24 .15- .46 .5-1.5 5.33 17.5 447
0.15 0.5 2.21 7.25 445

21c 46 18 .30 1.0 2.29 7.5 445
.46 1.5 2.36 7.75 445

22¢ L1 18 0.15-6.46 | 0.5-1.5 3.47 1.4 475
23c 91 36 15- .76 .5-2.5 4.88 16.0 649
24¢ 91 36 .15- .76 .5-2.5 6.55 21.5 649
0.15 0.5 3.66 12.¢ 447

25¢ 61 24 .30 1.0 3.81 12.5 447
.46 1.5 3.89 12.75 447

26¢ 46 18 0.15-0.76 0.5-2.5 1.62 5.33 445
27¢ 46 18 .15- .76 .5-2.5 1.22 4.0 445
28¢ 30 12 15- .76 .5-2.5 .30 4.26 445
29¢ 30 12 .15- .76 .5-2.5 0.9 3.0 445
30c 30 12 .15- .76 .5-2.5 1.98 6.5 445
3¢ 30 12 .15- .76 .5-2.5 1.75 5.75 445
32¢ 30 12 15~ .76 .5-2.5 1.60 5.25 445
33c 46 18 .15- .76 .5-2.5 1.14 3.75 455
3¢ 30 12 15- .76 .5-2.5 1.52 5.0 445
35¢ 30 12 15- .76 .5-2.5 1.37 4.5 445
36¢c 30 12 .15- .76 .5-2.5 1.68 5.5 445
37 30 12 .15- .76 .5-2.5 1.14 3.75 445
38¢c 30 12 J15- .76 .5-2.5 0.91 3.0 445
39¢ 30 12 .15- .76 .5-2.5 0.84 2.75 445
40c 61 24 .15-..76 .5-2.5 1.91 6.25 447
41c 61 24 .15- .76 .5-2.5 1.68 5.5 447
42¢ 30 12 J15- .76 .5-2.5 1.45 4.75 445
43¢ 46 18 .15- .76 .5-2.5 1.91 6.25 445
a4c 46 18 .15- .76 .5-2.5 2.37 .77 445
45¢ 46 18 8- .76 .5-2.5 1.45 4.75 445
a6c 46 18 .15- .76 .5-2.5 1.32 4.33 445
47c 46 18 .15- .76 .5-2.5 1.22 4.0 445

+ Re-bar number and size.
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TABLE XXIII. FOUNDATION TYPE FOR ONE-TIER TRIANGULAR SYSTEMS

[Reaction is reaction load carrying capacity (N = Newtons, k = kips).]

1112 | 2224 13336 | 4448 | 8896 | 17793 | 26689 | 35586 |11
R 25| 5| .75]| 1.0 2 4 6 8 |ANGLE,
e
gg?ﬁ?RT FOUNDATION TYPE
A 39c | 36c | 33c | 26¢ 3c 11a 6a 2a
8c 10c 13¢ | 20°
B 29¢c 28c| 27c | 26c | 19a 14a 9a 4a*
17¢ 16¢ l4c 15¢
A 38c 35c| 33c | 26¢ 3c 11b 7b 6b
7c 9c 2la
12¢ | 30°
B 29¢c 28c| 27c | 26c | 19a 14a 8a 4a
17¢ 16¢ 14c 15¢
A 37¢ 35¢| 32¢ | 30c 2c 10b 6b 3b
5¢ 6¢C 9c | 40°
B 29c 28c| 27c¢ | 26c | 17a 12a 7a 4a
17¢ 16¢ 14c 15¢
A 37¢c 34c} 31¢ | 30c 1c 9b 5b 2b
4c 6¢c 11c | 50°
B 29c 28c| 27c | 26c | 17a 12a 7a 22a
17¢c 16¢ 14c 15¢
A 37¢ 34c| 31c | 30c| 12b 8b 4b 1b
1c 4c 6¢ 11c | 60°
B 29¢c 28c| 27¢c | 26¢ | 1lé6a 11a 6a la
17¢ 16c l4c 15¢
A 37¢c 34cj 3l1c 30c 12b 8b 4b 1b
1c 4c 6¢c 11c | 70°
B 29c 28¢c| 27¢ | 26¢c| 15a 10a 5a 20a
17¢ 16¢ 14c 15¢

* Shear key not required.
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TABLE XXIV. FOUNDATION TYPE FOR TWO-TIER TRIANGULAR SYSTEMS

[R is reaction load carrying capacity (N = Newtons, k = kips).]

N 1112 | 2224 | 3336 | 4448 | 8896 | 17793 | .26689 | 35586 |T1.T
k .25 51 751 1.0 2 4 6 8 ANgLE,
SUPPORT FOUNDATION TYPE
POINT

A 36c| 45¢c| 43c| 4ic| 1la 2a 23c 24c
8¢ 13c 23a 24a | 20°

B 42c | 26¢c{ 41c| 40c| 16c 15¢ 23c 24c

22a 21a 23a 24a

A 35¢c| 47c| 18c| 44c| 1la 20c 4ay 23c
8c 15¢ 23a | 30°

B 42c} 26¢c| 41c| 40c| 16¢c 15¢ 23c 24c

22a 21a 23a 24a

A 37c¢| 47c| 18c| 43c| 22c 9 5a 15¢
14c 21a | 40°

B 42c¢| 26¢c| 41c|{ 40c| 16c 15¢ 23c 24¢

22a 21a 23a 24a

A 37c| 46¢c| 18c| 43c| 21c 19c 6b 3b
6c 9¢ | 50°

B 42c| 26c] 41c| 40c| 16c 15¢ 23c 24c

22a 21a 23a 24a

A 28c| 45c| 18c| 43c| 21c 19¢ 1b 25¢
11c 60°

B 42c| 26c|{ 41c| 40c| 1i6¢C 15¢ 23c 24c¢

22a| 2la| 23a| 24a

A 28¢c| 45c| 18c| 43c| 2ic 19c¢ 1b 25¢
11c 70°

B 42c| 26¢c| 41c| 40c| 16c¢ 15¢ 23c 24c

22a 2la 23a 24a

* Shear key not required.
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4.7.2 Structural Design of Pole-Mounted Systems

This section is divided into three parts: the structural gesign procedure;
the design figures for pole-mounted systems; ana the design tables for
pole-mounted systems.

4.7.2.1 Structural Design Procedure

A.

Choose height of pole

The height should take into account shading from nearby objects, and ease
and frequency of maintenance.

Determine W: Uniform load appliea to beams. (See Figure 48.)

For top and bottom framing beams,

Wrg =P x L'/2

where
Wrg uniform load applied to top and bottom beams
P, combined 1oad determined in Section 4.3.9
L height dimension of one module

Determine FR: the maximum resultant force at top of pole

FR=1.25 x L x L"

where
L span length of beams
L" nominal distance between top and bottom beams
1.25 factor for wind load reversal

Determine pole size

Proceed to Table XXV for Steel, Table XXVI for Aluminum, or Tables XXVII,
XXVIII, and XXIX for Wood (Douglas fir) poles. ~Using the pole height
(dimension HT in Figure 48) determined in step 1, the calculated value
for Fg determinea in step C, and the worst case value of &, i.e., the
largest ti1t angle that will be usea in the application, select a pole
which has an Fgp larger than the calculated maximum Fg.

Determine sections to be used for framing members (See Figures 48 and. 49)

For each member described below calculate the maximum moment (M), then
proceed to the indicated table and select the beam section which has the
smallest value of Mpax which is larger than the calculated maximum
moment.

Top and bottom framing beams

Mrg = 1.25 Wrgl2/8
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(b)

where

M1g maximum moment developed in top ana bottom beams
L span length between side frames
1.25 factor for wind load reversal

Steel: Table XXX A
ATuminum: Table XXXII

Side framing beams
M=1.25 Wrgx L xL'/4
where
L' nominal distance between top and bottom beams

Steel: Table XXX B
Aluminum: Table XXXIII

Center beam
M=1.25 Wrg x L2/2

Steel: Table XXXI
Aluminum: Table XXXIV

Angle adjustment member

_ 1,11
Use a minimum of Ll?xléxg

Determine connection details from Figures 48 ana 49 and the following:

For Steel: Read specifications given in Section 4.7.1.2
For Aluminum: Read specifications given in Section 4.7.1.3

Read the general notes on foundation design given in Section 4.7.1.5.

Determine pole-mounted foundation details.

Steel pole: The steel pole may, at the designer's option, be embedded in

concrete or welded to a base plate which is boltea to the concrete
foundation.

Pole embedded in concrete:

Proceed to Tables XXXV and XXXVI. Using the pole height (dimension HT in
Figure 48) determined in step A, the calculated value of Fr determinea

in step C, and the worst case value of e, i.e., the largest tilt angle
that will be used in the application, select the appropriate concrete
footing and pole embedment from the tables.

Note: The foundation's bearing surface shall be placed below the local
frost penetration.
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Base plate connection to concrete foundation and concrete founaation
design:

Determine M: the maximum moment sustained by the pole

M=1.25 Fp sin e x HT

where
HT pole height
1.25 factor for wind reversal
6 largest tilt angle that will be used in the application

Proceed to Table XXXIX ana Figures 50 and 51 for base plate and anchor
boit details.

Proceed to Table XXXV and Figures 48 and 50 for foundation design details.
Aluminum pole: Use procedure in step H(a)(2) above.

Wood pole: The wood pole may be embedded in a concrete footing or
directly in the soil. Due to loading considerations, however, embedment
of the pole in sail is not always possible. Table XXVII may be used to
determine when pole embedment in earth is possible,

For wood pole embedded in concrete:

Proceed to Table XXXV to determine the depth of concrete footing required
and Table XXXVII to determine the aepth of embedment of the pole into the
concrete footing.

For wood pole embedded into earth:
Proceed to Table XXXVIII to determine the depth of embedment of the pole
in earth. Backfill soil may be well tampea native soil, sand, or gravel.

Determine shading

If more than one pole-mounted structure is to be used at a single
application site, the structures should be located so as to avoid
shading. The method given in Section 3.5.1 may be used to determine
spacing to avoid shading.
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4.7.2.2 Design Figures for Pole-Mounted Systems

This section consists of figures used to design pole-mounted systems of the

type covered by this handbook. ToP ERAMING BEAM

ALLOWABLE DESIGN LENGTH (L) SHOULD

(//——CENTERBEAM NOT EXCEED 2.44 M (f‘ijj:::;;7

L \
T
£L0F MODULE FASTENERS—
) = . - a1
T |
. TOP FRAMING BEAM
v i~
2 S~ PHOTOVOLTAIC MODULES

—CENTER BEAM

ANGLE ADJUSTMENT
MEMBER:

sin 8

L

I
l«——SIDE FRAMING BEAM ‘

BOTTOM FRAMING
’/BEAM

POLE—

«—POLE

ANGLE ADJUSTMENT
MEMBER

BASE PLATE
(SEE FIG. 50)

FOUNDATION
(TABLE XXXV)

viow v Wl bl

A. Side View B. Front View
Figure 48. Pole-Mounted Structural System
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A. Center Beam Connection Detail
NOTE:

ML To Steel or Aluminum Pole
ALUMINUM SHALL BE SOLDERED.
BOLTS: CENTER BEAM
STEEL - ASTM A 307
ALUMINUM - ALLOY 2024-T4 SEE _1:>L--
NUTS: NOTE
STEEL - ASTM A 307 0.4(1/8")
ALUMINUM - ALLOY 6061-T6 -
STEEL OR 7
ALUMINUM |
HINGE PIN POLE L
10MM (3/8")s BOLT =
(TYp) SEE I
NOTE

BEARING PLATE WHEHN
REQUIRED DUE TO SIZE
CENTER BEAM  DIFFERENCE BETWEEN
POLE & CENTER BEAM
(THICKNESS TO MATCH
CENTER BEAM WALL
THICKNESS)

“—TRUNION PLATE
0.5(3/16") MIN.
THICKNESS

CLIP ANGLE (SIZED SAME
AS BOTTOM FRAMING BEAM)>,

0.4(1/8")
M—STEEL OR ALUMINUM
; POLE
/égk\\\\::> BOTTOM FRAMING i
10MM (3/8") ¢ BOLT: BEAM
(TYP)

] SEE
- NOTE

SEE : 0.4(1/8")

NOTE

0.4(1/8")

CLIP ANGLE (SIZED
SAME AS ANGLE
ADJUSTMENT MEMBER)

\\\20!%(3/8") ¢ BOLT

ANGLE ADJUSTMENT MEMBER
(L 1" x 1, x 1/8")

! [—HOLES PUNCHED ACCORDING
TO DESIRED ANGLE
ADJUSTMENT

Units: CM Unless Otherwise
Noted L

B. Exploded Connection Details

Figure 49. Pole-Mounted Connection Details
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NOTE: POLE MOUNTING CAP TO Units: CM Unless Otherwise
BE CONSTRUCTED FROM SCH #10 Noted.

PIPE (OR EQUIVALENT) SIZED

TO FIT TOP OF WOOD POLE

/

SEE NOTE ON
PREVIOUS PAGE

CENTER BEAM l

BEARING PLATE WHEN bl
REQUIRED DUE TO SIZE “‘—?—‘( \ 20.3 (8") MIN.
DIFFERENCE BETWEEN L

PIPE AND CENTER BEAM Y
2.5 (1") MIN.

0.4 (1/8")

CENTER BEAM

' 7.6 (3") MIN.
A

(THICKNESS TO MATCH
CENTER BEAM WALL
THICKNESS)

POLE MOUNTING CAP
(SEE NOTE ABOVE)

MOUNTING CAP

W00D POLE
12.7 mm (1/2") ¢ BOLT

[ ¢——— WOOD POLE

]

10 mm (3/8") 4 BOLT

HOLES PUNCHED ACCORDING
TO DESIRED ANGLE
ADJUSTMENT

ANGLE ADJUSTMENT MEMBER

C. Connection Details for Wood Pole

Figure 49. Pole-Mountea Connection Details (Concluded)
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NOTE:

Aluminum shall be soldered.

Units:
Noted

/Po]e

|

CM Unless Otherwise

|
|
|
[
I
!
SEE
—— 2.5 (1") MIN. l " . NOTE
AT1-Around Typ c{ 0.5 (3/16") MIN.L” O\ NOTE
Top Of ) | Bearing Plate
Foundation !
l t(Plate Thickness)
- r ou ! '
. i 1 I |
2.5 (1") A D N B SR r L * .
LEVEL INGEE SO L I
GRouT y i R B o
Y “:‘O’ 2 oa :"1:_ o . I 21 A
’qﬁ: T oo gATNT L
A . o " . PR : (0]
5% SR DS 4
BT L0 ! =
ke
. HE
2 I HE
¢ | gF
l LI ° brr}
Iz
—ANCHOR BOLTS—~ ~ | 1} STANDARD
FOUNDATION (SEE TABLE XXXIX) I | Hook OR
(SEE TABLE XXXV) —— '__J / BOLT HEAD
[_—_/ I — [

Figure 50.
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Units: CM Unless Otherwise
Noted

¢ 4 (%) TYP.

—4 (15") TYP.
[
t—[-2.5 (1") TYp.

5
b

POLE DIAMETER

il
N/

-

2g

b
- 4 (14") TYp.
\‘ 1,0
_@_ @ =i 4(15") TYP.
— -4 (1%") TYP.
z; .<§E; —[2.5 (1) Tvp.
1 W
T’ &
&
S
=
w
g NOTE:
SEE TABLE XXXIX
z FOR LETTERED
@2 DIMENSIONS

Figure 51. Pole-Mounted Base Plate And Anchor Bolt Details
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4.7.2.3 Design Tables for Pole-Mounted Systems

This section consists of tables used to design pole-mountea systems of the
type covered by this handbook.

TABLE XXV. STEEL POLES FOR POLE-MOUNTED STRUCTURES

[FR is maximum resultant force at tope of pole; HT is height of pole.]

Nl ass 890 1134 1779 2224 2669 3114 3558 4003 4448 6672 8896 fryq
ts] 100 200 300 400 500 600 700 800 900 1000 1500 2000 At

HT

0.9V{ 3 [pree Jsto [P1PE 15TD PIPC 13570]p19E 1350[P1rE 1570/ 1PE 135T0[PIPE 25T0 [PIFE 25T0 |PIPE 25T0 |PIPE 25T0 [PIPE 2;510[PIPE 25570
1.83| 6 [piee 1570’ [p1pe 13570 p1pe 1)sTO[P1PE 257D [P1eE 2570 Prpe 2)sTolp1pe 2)sTalPiee 2)sTo|piE 2ysTolP1pe 23sT0{PIPE 3570 [PIPE 3ys10 | 200
2.4 | 9 [ewve 1jstolpree 1)stolp1ve 2570 [PIPE 2)stolpiee 23510 |PIPE 235To|p1pE 2JsTo|P1ve 35T [P1pE 350 {PIPE 35TO |PLPE 3STO|PIPE 45TO

.66 12 PIPE llSTD PIPE 257D [PiPE 2;S1D PIPE Z;STD PIPE 2;STD PIPE 3STD |PIPE 3STD [PIPE ISTD |PIPE 3}sm PIPE J;STD PIPE 4STD [PIPE SSTD

0.90 | 3 [pipe 1510 [pipe 1ysTo|pIpe 1)sTo[PIPE 25TO [P1oE 25T0 |PIPE 23510lp1pE 2)570[P1PE 2)sT0P1eE 2JsTO|PIPE 2)sTo|PtPE 357D |PIPE 3Jsto
1831 & |pire 1)5T0/pIPE 2570 [p1PE 2)sTolPIPE 2)STo|PIPE 2)STO|P1PE 3STO (PipE 35TO [PLPE 35TO (PreE 3)s1o[PIpe 3)sTo(e1ee 4sTO (PIPE SSTO [4s¢
2.6 [ 9 {PIVE 1,5TOPIPE 2)ST0|PIPE 2)STD[PIPE 35T [PIPE 35TD |PIPE 3)STO[RIPE 3)STO[PiPe 4sTo [PPE 4sTo [P1PE 4sTD |PipE sSTD |PIPE 65T

3.66 | 12 PIPE 2STD |PIPE Z;STD PIPE 3STD [PIPE 3STD |PIPE J}STD PIPE 3;’51’0 PIPE 4STD |PIPE 4STD |PIPE 5STD [PIPE SSTD |PIPE 6STD [PIPE 6STD

0.9v| 3 fewve 1510 [p1pe 13sT0[ptpe 250 [e1pe 25T [e1pe 2)sTo[p1re 2)sTo|p1pE 23sTo[eire 35To [P1ee 3sTo [P1PE 35TO [PreE 35T0|PIPE 457D
1.83| 6 [PIpe 135T0[PIPE 25TD [PIPE 2)sTO[PIPE 3510 [PIPE 3STO [P1PE 35TO [PIPE 335T|PIPE 33s70|P1PE 3)stolp1pe 4sTD [etee 570 |Pipe 5sTD | 700

2.74 9 PIPE 251D |PIPE Z;Sw PIPE 3STD [PIPE 3STD |PIPE B;STD PIPE 3;51‘0 PIPE 4STD [PIPE ASTD |PIPE SSTU |PIPE 5STD |PIPE 65TD {PIPE 6STD

.66 12 PIPE 2570 |PIPE ZI,STD PIPE 3STD JPIPE J;STD PIPE 4STD [PIPE 4STD |PJPE 5STD }PIPE SSTD JPIPE 5STD |PIPE SSTD |PIPE 6STD |PIPE 8STD
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9¢T

TABLE XXVI.

ALUMINUM POLES FOR POLE-MOUNTED STRUCTURES

[FR is maximum resultant force at top of pole; HT is height of pole.]

445

890

1334

1779

2224

2669

314

1558

4003

4448

6672

8896

W 200 300 200 500 600 700 800 900 1000 1500 2000 ILEE@
HT [}
n_ | £t
0.91] 3 [p1pe Jes0 [pipe 1440 [p1pE 1g010[PIPE 13010{p1PE 1420 [PIPE 210 [PIPE 2640 |PIFE 2440 [PIPE 2040 [PIPE 23410[PIPE 2}440[PIPE 3440
1.83( 6 [PIPE 1440 [PIPE 1}#10[PIPE 2410 [PIPE 2#40 [PIPE 2,410 [PIPE 2440 [PIPE 23#40[PIPE 2440 |PIPE 3440 |PIPE 3440 |PIPE 3#40[PIPE ap40 | 20°
2.74| 9 |p1eE 1lnolpiee 20 |pipe 2440 (PIPE 23140 {PIPE 2)#4u[PIPE 3440 |PIPE 3440 PIPE 3440 |PIPE 3490 [PIPE 33440 P1PE 4440 |PIPE 5¢40
1.66| 12 |PIPE 1}440|PIPE 2440 [PIPE 2}#40|PIPE 2J440 PIPE 3440 |PIPE 3440 [PIPE 3440 |PIPE 35440 |PIPE 3}#40(PIPE 4¥40 |PIPE 5/40 |PIPE 5440
0.9 3 [pipe 1440 [pipe 13010p1pe 2010 [PIPE 2440 [PIPE 2310 [PIPE 2#40PIPE 25#40[PIPE 2#40|PIPE 3440 [PIPE 340 |PIPE 35440{ PIPE 4£40
1.83] 6 [PIPE 1]#10|PIPE 2440 |PIPE 2440 |PIPE 24440 [PIPE 3440 [PIPE 3440 |PIPE 35440[ PIPE 35440 |PIPE 35440|PIPE 4440 |PIPE 5440 |PIPE 5440 | 45°
20| 9 |p1pE 200 [P1pE 2hdo|pire 3vd0 [PIPE 3140 [P1pE 3440 (PIpE 33#40[PIPE 4440 |PIVE 4440 [PIPE 5490 |PIPE 5440 |PIPE 6440 |PIPE 6440
s.66| 12 |pipe 2640 |pIPE 2h#40[PIPe 3040 [PIPE 33440 PIPE 4440 [PIPE 4440 PIPE 5440 |PIPE 5¢40 |PIPE 5440 |PIPE 6440 |PIPE 6140 |PIPE 8420
0.9 3 [pipE 1}n0|pIPE 2010 |PIPE 2040 {PIPE 2)410 [PIPE 2}#4u |PIPE 2#40[PIPE 3440 |PIPE 3440 [PIPE 3440 |PIPE 3440 |PIPE 4440 |PIPE 5440
1.83] 6 [PIPE 2410 [PIPE 2)410|PIPE 2}#40[PIPE 3440 |PIPE 3440 [PIPE 3}#40|PIPE 35440|PIPE 4440 |PIPE 4430 |PIPE 5440 |PIPE 5440 |PIPE 6440 | 70°
2.08| 9 |pipe 2640 [PIPE 23aao|pive 3440 [PIPE 33r40|PIPE 4£40 |PIPE 4440 |PIPE 5440 |PIPE 5440 |PIPE 5040 |PIPE 5440 |PIPE 6440 |PIPE 8420
3.66] 12 |pipe 2ledo[piee ara0 [p1pe 3}saoleipe asto [PIPe 5490 [PIPE 5440 [PIPE 5440 |PIPE 5440 [PIPE 6440 PIPE 6430 |PIPE 8120 [PIPE 8430




TABLE XXVII. CLASS OF WOOD POLES REQUIRED FOR EMBEDMENT IN EARTH
(THE CLASS PERTAINS TO ANSI STANDARD POLES (TABLE XXIX))

[Fgr is maximum resultant force at top of pole; HT is height of pole.]

polt a5 Twso [isse Tiro [aze Toses [ sne [ ssse [ aoos [ aase Xﬁé[s
b 100 200 300 400 500 600 700 800 900 1000 o
HT

m | ft
a1 3 10 7 2 - - -
1.83 [ 10 10 9 7 4 1 - 20°
2.78] 9 10 10 10 9 9 7 5 4 3 1
3.66] 12 10 10 10 9 9 6 4 2 -
EEE 7 - B -
1.83 6 10 6 1 - - 45°
2.78] 9 10 10 7 4 1
3.66 12 10 9 6 2
91| 3 3 - N/A
1.83] 6 10 3 - - - 70°
24| 9 10 9 a
3.66] 12 10 7 2

TABLE XXVIII. CLASS OF WOOD POLES REQUIRED FOR EMBEDMENT. IN CONCRETE
(THE CLASS PERTAINS TO ANSI STANDARD POLES (TABLE XXIX))

[FR is maximum resultant force at top of pole; HT is height of pole.]

Fo N[ a45 890 1334 1779 2224 2669 3114 3558 4003 4448 6672 8896  [TILT
16 | 100 200 300 400 500 600 700 800 900 1000 1500 2000 [ANGLE
HT °
m ft ~
91 3 10 10 10 10 10 10 10 10 10 10 9 9
1.83 | 6 10 10 10 10 10 10 10 10 9 9 9 7 20°
2,74 | 9 10 10 10 10 9 9 9 9 9 9 7 5
3.66 | 12 10 10 10 9 9 9 9 7 7 7 5 4
91| 3 10 10 10 10 10 10 10 9 9 9 7 7
1.83 1 6 10 10 10 9 9 9 9 7 7 7 5 4 45°
2.74 | 9 10 10 9 9 9 7 7 6 6 5 4 3
3.66 | 12 10 9 9 7 7 6 5 5 5 4 3 1
EIREE 10 10 10 10 10 9 9 9 9 7 7 6
1.83 6 10 10 9 9 9 7 7 7 6 6 4 3 70°
2.74 1 9 10 9 9 7 7 6 6 5 5 4 3 ]
3.66 | 12 10 9 7 7 6 5 4 4 4 3 2 H-1
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TABLE XXIX. WOOD POLE CIRCUMFERENCES
(CLASSES OF WOOD POLES ARE IN ACCORDANCE WITH THE ANSI SPECIFICATIONS
FOR WOOD POLES, 05. 1-1974)

[Wooa poles shall be treated.]

Class Minimum Circumference Minimum Circumference at
at Top 1.83 m (6 ft) from Butt
m in. m in.
10 0.31 12 0.35 14
9 0.38 15 0.44 17.5
7 0.38 15 0.49 19.5
6 0.43 17 0.53 21.0
5 0.48 19 0.58 23.0
4 0.53 21 0.63 25.0
3 0.58 23 0.68 27.0
2 0.63 25 0.73 28.0
1 0.68 27 0.78 31.0
H-1 0.73 29 1.05 41.5
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TABLE XXXA. MAXIMUM MOMENT CAPACITY OF STEEL ANGLES USED
AS TOP (AND BOTTOM) FRAMING BEAMS

[Mpax is maximum moment capacity.]

UNEQUAL WEIGHT/LENGTH Myax EQUAL KEIGHT/LENGTH Muax
LEG ANGLES RTR ToTT T v LEG ANGLES o o e

h.-Z%AZx-I% 401 2.75 967 | 8.56 Loxzny 261 1.65 233] 3.83
Uxerdg 2.7 3.07 1372 | 12.14 RENEI 0.9 | 2.2 415 4.20
Laxzpde 49.4 3.39 1422 | 12.58 L2xexdg 3.6 | 2.44 627} 5.55
115 1,13

L2 b 58.4 3.92 1467 | 12.98 L2px2d a4.8 3.07 1000| 8.85
S 9.8 . 1796 | 15.89 L3 54.1 3N 1458 [ 12.90
LIx2hef 65.6 4.5 1855 | 16.41 Lax3x) 1.5 4.9 1907 | 16.87
111 1.1

L3pxdg 18.7 5.4 2566 | 22.7 Laxaxg 96.2 6.6 3470 | 30.70
Lax3x} 84.6 5.8 3307 | 29.26 L4x4x?§ 19 8.2 az261 [ 37.70
Lax3)ay 90.4 6.2 3605 | 30.13

L5x3x} 9.2 6.6 5059 | 44.76

TABLE XXXB. STEEL ANGLE AND CHANNEL USED AS SIDE FRAMING BEAMS
»1 3
For L < 1.22 m (4 ft) use LZ?—XZXE

For 1.22 m< L <2.44 m (4 ft <L < 8 ft) use C3x4.1

TABLE XXXI. MAXIMUM MOMENT CAPACITY OF STEEL TUBES USED AS CENTER BEAM

[Mpax is maximum moment capacity.]

TUBE SECTION Moax
=0 in.-K
TS2x2x. 25 2756 24.4
TS3x3x.25 6936 61.4
TS3px35x. 25 5998 88.5
TS4xdx.5 20550 181.9
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TABLE XXXIT.

(AND BOTTOM) FRAMING BEAMS*

[Mpax 15 maximum moment capacity.]

MAXIMUM MOMENT CAPACITY OF ALUMINUM ANGLES USED AS TOP

WEIGHT/LENGTH

Miax

WEIGHT/LENGTH

UNEQUAL EQUAL max
LEG ANGLES N To/fe Nom | in.—k LEG ANGLES Nim MR Nm | in.k
Uiy 6.13 0.42 m | e Vg 6.20 0.43 164 1.3
L2x1 ) 7.29 0.50 a | 2.4 L2x2xg 8.31 0.57 22| 1.9
L2jx2r} 9.48 0.65 ne | 2.80 L) gag n.s 0.81 33| 2.9
REANY, n.s 0.81 397 | 3.52 Vg 14.0 0.96 a94 | 4.3
t2xiyn 14.01 0.96 s2a | 4.6 Lox2x} 16.2 Y 683 | 6.05
L2yt ag 16.2 RY %0 | 7.9 122y 20.4 1.40 1066 | 9.44
L2juzny 18.4 1.26 w012 | 9.49 L3x3xp 28.5 1.68 1230 | 10.89
L3x2x} 20.4 1.40 1446 | 12.8 L3px3hey 29.0 1.99 1984 | 13.14
L3)x2yn, 2.5 1.68 1965 | 17.4 122y 29.9 2.05 1672 | 14.80
Laxdx) 29.0 1.99 2187 | 19.36 Laxax) 3.2 2.28 1709 | 15.13
Lx2dnyd | 303 2.08 2632 | 23.3 ELNCLIS 35.9 2.46 2293 | 20.3
L3?3H2 33.2 2.28 2842 | 25.15 L3xded 3.0 2.47 2476 | 21.91
Lax3x, ] 35.9 2.46 3284 | 29.07 Lixdxys 0.3 2.83 2649 | 23.45
L4x3xg 2.7 2.93 4236 | 31,5 U;ﬂ;’% 2.7 2.93 3106 | 27.5
L3xng 471 3.23 3206 | 28.4
Liyxdpny 55.8 3.83 4591 40.62

*See TABLE IX.
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TABLE XXXI1I.

[(Mpax 1s maximum moment capacity.]

MAXIMUM MOMERT CAPACLITY OF ALUMINUM ANGLES USED
AS SIDE FRAMING BEAMS*

FOR L = 1.83M (6 FT)

UNEQUAL WEIGHT/LENGTH Mnax EGUAL WELGHT/LENGTH Mmax

LEG ANGLES N/m 1b/ft N-m in, -k LEG AMGLES NIm L/t N-m in. -k

SERIN 6.13 0.42 TR Ll;xl;x& 6.26 0.43 139 | 1.23

L2xi 3} 1.29 0.5 324 | 2.87 L2x2xg 8.3 0.57 221 | 1.9

L2}x2x} 9.48 0.65 28 | 2.6 L g .8 0.8) 253 | 2.24
)

L2x1}x) 13.42 0.96 a8 | 3.79 SESEY 14.0 0.96 415 | 3.68

TN 16.2 nm 610 | 5.4 L2x2x) 16.2 N 594 | & 26

L2)x2x} 18.4 1.26 1134 |10.08 L2yx2xy 20.4 1.4 1054 | 9.33

FOR L = 2.44M (B FT)

UNEGUAL "E1GHT/LENGTH Mnax EQUAL WEIGHT/LENGTH Mmax

LEG ANGLES N/m 1o/ft N-m in.-k LEG ANGLES N/m o/ ft N-m in, -k
‘ N

L 3x1 g 6.13 0.42 66 | 0.586 Lipxigag 6.26 0.43 78 0.69

L?x1%x% 7.29 0.5 132 | 1.17 Lox2xg 8.31 0.57 221 1.96

L2y 9.48 0.65 328 | 2.87 RS 14.0 0.96 276 2.65

L3x2)sg 22.4 1.54 1448 | 12.82 L2x2x} 16.2 . 486 | 4.3

L2)x2)n} 20.4 1.4 938 | 8.3
*For L = 1.22 m (4 ft) use Table XxXXII.

TABLE XX

X1v.

[Mnax is maximum moment capacity. ]

MAXIMUM CAPACITY OF ALUMINUM TUBES ANU
PIPES USED AS CENTER BEAM

TUBE SECTION Fimax PIPE Mgax

N-it .-k N-m in.-k
T51.125x1.125x.12 418 3.7 PIPE 2}080 5027 44.5
T151.25x1.25x.12 531 4.7 PIPE 3#80 8349 73.9
TS1.375x1.375x.12 700 6.2 PIPE 3;—080 8993 79.6
TS1.5x1.5x.12 802 7.1 PIPE 4480 16043 142.0
T51.75x1.75x.156 1386 12.27 PIPE 40120 19455 172.2
TS2x2x.156 1874 16.55
7S2.25x2.25x.156 2435 21.56
T152.5x2.5x.188 3558 N.5
T752.75x2.75x.188 4399 38.94
TS3x3x.219 6010 53.2
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TABLE XXXV. CONCRETE FOOTINGS FOR POLE-MOUNTED STRUCTURES

[Fp is maximum resultant force at top of pole; HT is height of pole]

A. POLE EMBEDDED B. BASEPLATE CONNECTION
IN CONCRETE TO CONCRETE FOUNDATION
#3 TIES AT 1/2 DIAM.
OF PIER
FINISHED GRADE 5 cm (2")
o ]
. S L,
+=1
== 1. e
o= A
. el
DEPTH e DEPTH OF #7 BAR, MINIMUM OF 4, ONE AT
P bl
Egg%f;ggﬁ '_ B ‘; '3’_ I[H] Egg%?EgE EACH CORNER, ADDITIONAL BARS
MR W1y == v
- #7 BAR TR = AS INDICATED
: 1% A t
S ML & o I
=== = = "—‘:“ =
E 61 om (2 ft) DIAM. ¢ *1 61 cm (2 ft) DIAM.
P ] s 890 1334 1779 2224 2669 3114 3556 | 4003 4448 6672 8ags |
R Tisl oo 200 300 400 500 600 700 8ou | 900 1000 1500 2000 "
HT DEPTH OF CONCRETE FOOTING
m ft m ft|m ftlm | ft]m ft | m ft|m Ft|m ft|m ft|m ft | m ft | m ft|m ft
0.91| 3 |0.46]1.5[0.61]2.0[0.07] 2.2 [0.76] 2.5 [0.79] 2.6 |0.88| 2.9 |0.91 3.0 |0.98| 3.2 |1.01] 3.3 [1.07] 3.5 |1.22] 4.0 |1.37] 4.5
1.83 | 6 jo.ssf1.s o |23 |o.e2] 2.7 [0.91] 3.0 [0.98] 3.2 [1.08] 3.4 [1.10] 3.6 [1.06| 3.8 [1.22] 4.0 |1.25] 4.1 [1.46] 4.8 [1.62] 5.3 | 20°
224 9 foeafza fo.r9{2.6 {0.91] 3.0 [1.00{3.3{1.10]3.6 {1.19] 3.9 ]1.25 4.1 |1.31] 4.3 |1.37} 4.5 [1.40] 4.6 |1.62] 5.3 |1.80{ 5.9 |
3.66 | 12 |0.70] 7.3 [0.88]2.9 |1.00] 3.3 |1.10] 3.6 [1.19] 3.9 {1.28] 4.2 {1.34{ 4.4 [1.40] 4.6 {1.46] 4.8 |1.52} 5.0 |1.77} 5.8 {1.95] 6.4
0.91| 3 |0.58|1.9]0.76]2.5 |0.68] 2.9 ]0.96| 3.2 ]1.07] 3.5 |1.13] 3.7 |1.22|4.01.28|4.2|1.38] 4.4 [1.40[ 4.6 |1.62] 5.3 |1.83] 6.0
1.83] 6 {0.73|z.4 0.91 3.0 {1.07] 3.5 [1.19] 3.9 |1.28| 4.2 [1.37] 4.5 |1.a3|a.7 |1.52 5.0 [1.58] 5.2 {1.65] 5.4 |1.92] 6.3 |2.13] 7.0 | as°
28| 9 los2 |22 |v.0a{3.a {116 3.8 {1.31] 4.3 |1.43] 4.7 [1.52] 5.0[1.62|5.3{1.68]5.5(1.77] 5.8 {1.83| 6.0 [2.10]6.9 [2.35] 7.7
3.66 ) 12 Jo.88 )20 010337 infasraala sl |ves) s.afr.7ais.7 |1esle.0i1.89] 6.2 |98 6.5 2,290 7.5 |2.53] 8.3
0.91| 3 [0.67]c.2]|0.85|2.8]0.98]3.2|1.10]3.6 |1.19]3.9 [1.25| 4.1 [1.30|4.4 |1.43] 4.7 [1.49] 4.9 [1.55] 5.1 [1.83] 6.0 [2.04] 6.7
1831 6 lo.79)z.6|1.06]3.4]1.06] 3.8 131143 [1.90]4a.6{1.52] 5.0]1.585.2|1.68]5.5]1.7a] 5.7 |1.83] 6.0 2.13] 7.0 |2.38] 7.8 [ 70°
24| 9 losslz9]vel3.8]1.51]4.3|1.a6{4.8|1.58]5.2[1.68] 5.5[1.77|5.81.86]6.1[1.95] 6.4 [2.01|6.6]2.35] 7.7 |2.62] 8.6
1.66 | 12 fo.9a {3 |r.2s a2 {v.aslar [1ssls.2 [v.n{s.6]1.83| 6.0]1.92]6.3]2.016.6]2.10]6.9]2.19] 7.2]2.53]8.3 |2.80] 9.2




TABLE XXXVI. DEPTH OF EMBEDMENT OF STEEL POLE INTO CONCRETE

[FR is maximum resultant force at top of pole; HT is height of pole]

DEPTH OF

| POLE
EMBEDMENT
1IN CONCRETE

vl

FR N 445 890 1334 1779 2224 2669 3114 3558 4003 4448 6672 8896 IIL{*
b 100 200 300 400 500 600 700 800 900 1000 1500 2000 ANGLE,
HT DEPTH GF EMBEDMENT °
ft m ft | m ft | m ft | m ft| m ft | m ft(m ft | m ftm ftim ft{m ft|m ft
0. 3 0.2410.8 |0.24) 0.8 [0.24]| 0.8 [0.24| 0.8 (0.24]| 0.810.24)1 0.8 |0.24| 0.8]0.24] 0.8 [0.24(03.80.24{0.8|0.24|0.8]0.24 0.8
1. [ 0.24} 0.8 10.24/ 0.8 [0.24| 0.8 {p.24| 0.8 |0.24| 0.8 [0.24] 0.8 |0.24]0.8|0.24| 0.8 |0.24]0.810.24|/0.8(0.24]0.8)0.27 /0.9 |20°
2. 9 0.24}0.8 10.24( 0.8 [0.24]0.8 {0.24]| 0.8 |0.24| 0.8 ]|0.244 0.8 [0.24(0.8 |0.24]| .4 |0.24}0.8]0.24( 0.8 |0.270.9]0.30(1.0
3. 12 0.2410.8 {0.24{0.8 10.2410.8 10.24} 0.8 }0.24) 0.8 )0.24} 0.8]0.24)0.8]0.24}0.81]0.24})0.8140.27]0.91}0.30)1.0}0.30}1.0
-10. 3 0.24]0.8 [0.24| 0.8 [0.24710.8 {0.24] 0.8 {0.24| 0.8 [0.24] 0.8 {0.24]| 0.6 }{0.24]0.8 [0.24}0.8|0.24(0.8]0.24)0.8]0.27|0.9
1. [ 0.2410.8 |0.24( 0.8 0,24} 0.8 |0.24| 0.8 {0.24| 0.8 |0.24} 0.8 )0.24]0.8}0.2710.90.24¢10.8|0.27|0.9]0.30(1.0(0.30]|1.0 |[as5°
2. 9 0.24] 0.8 |0.24| 0.8 |0.24| 0.5 |0.24] 0.8 [0.24] 0.8 {0.271 0.9 0.30|1.0}0.27]0.9(0.30{1.0({0.30(1.0}0.34|1.1}0.37 (1.2
3. 12 0.24lo.8 [o.2al o8 lo.24) 0.8 (0.24| 0.8 10.2710.9 [0.30(1.0}0.30{1.0]0.30]1.0(0.30(1.0({0.30(1.0{0.371.2]0.40]1.3
0. 3 0.24 0.8 10.24]0.8 10,24 0.8 |0.24] 0.8 [0.24]) 0.8 |0.24] 0.8 {0.26{v.8{0.24]0.8 {0.24] 0.4 [0.24}0.8[0.27{0.9(0.30(1.0
1. 6 0.24 (0.8 [0.24] 0.8 |0.24 0.8 {0.24|0.8}0.24]0.8]0.27]|0.9(0.27{0.9|0.27]0.9]0.30(1.0]0.30|1.0{0.30({1.0]0.37|1.2 |70°
2. 9 0.24| 0.6 {0.24( 0.8 }0.24} 0.8 |0.27 0.910.2710.910.30 1.040.30}1.0]0.30{1.0]0.30{1.0]0.30}1.0]0.37 {1.2]0.40 | 1.3
3. 12 0.24}0.810.24| v.80.241 0.8{0.27}0.9}0.30|1.00.30}1.0]0.30]1.0[0.34]1.1]0.3¢}1.1(0.37]1.2]0.40 }1.3]0.40(1.3




12721

TABLE XXXVII. DEPTH OF EMBEDMENT OF WOOD POLE INTO CONCRETE

[FR is maximum resultant force at top of pole; HT is height of pole; e is
tilt angle.]

DEPTH OF
POLE

[ EMBEDMENT
1IN CONCRETE

Fo N 445 890 1334 1779 2224 2669 3114 1558 4003 4448 6672 B89__ _|
1t 100 200 | 300 400 500 600 700 800 900 1000 1500 2000 (}LEIL

HE DEPTH OF EMBEDMENT Pe
m ft. m ftlm ft|m ft(m ft|m ft {m ftim ftlm ftlm ftim ftim ft{m ft
0.91 3 0.24]0.8]0.24] 0.8 {0.2a]0.8 {C.24]0.8 |0.24 Ju.8 |0.24 |0.6 |0.24| 0.8 |0.28 | 0.8 |0.24|0.8 |0.24]0.8 |0.24]0.8 |0.27]0.9
1.83[ 6 {0.24]|0.8 [0.24] 0.8 |0.2a] 0.8 |0.26]0.8 [0.24 |u. |o.24 [v.8 [0.24 | 0.8 |0.24| 0.8 [0.24 0.8 [0.27|0.9 |o.30{ 1.0 J0.37] 1.2 | 20°
2.74) 9 o.24{0.8 }0.2410.8 [0.24|0.8 |0.23} 0.8 |0.24 [0.8 {0.24 |0.8 |0.27]0.9 [0.27 (0.9 Jo.30|1.0 |o.30]{ 1.0 |0.40) 1.3 [0.46{1.5
3.66| 12 o.z4]o0.8 |o.24] 0.8 [0.2a]0.8 |0.24]0.8 [0.27 |0.9 |0.27 |0.9 {0.30{ 1.0 |0.34 | 1.1 {o.q0 f1.1 [0.37] 1.2 o.52 1.5 fo.52 (1.7
091 3 Jo.2a]0.8]0.2a]0.8 [0.24 0.8 [0.24 0.8 [0.2¢ 0.6 |0.24 [0.8 [0.24 0.8 [0.24 |0.8 |0.24 | 0.8 [0.27 [ 0.9 [0.30 [ 1.0 [0.37]1.2
1.83] 6 Jo.24|v.80.24]| 0.8 |u.2a] 0.8 {6.2a|0.8 [0.27 {0.9 [0.30 [1.0 [0.30|1.0 Jo.34 1.1 [o.37 | r.2 o.37{1.2 [o.52 ) 1.5 Jo.52 1.7 | 45°
2.74] 9 Jo.24l0.8 [0.24]0 8 [0.24 0.8 10.30 1.0 |0.34 {1.1 |0.37 |1.2 |0.37 1.2 [0.90 | 1.3 |0.43 (1.4 |0.46 {1.5 [0.55 1.8 {0.64}2.1
3.66) 12 fo.24]|0.8 |o.24] 0.8 [0.27]0.9 {0.38 [ 1.1 [0.37 |1.2 |0.40 |1.3 J0.43 | 1.4 [0.46 {1.5 |0.49 {1.6 |0.52|1.7 |0.64 | 2.1 |0.73]| 2.4
0.9 3 [0.24]0.8 [0.24] 0.8 fo.24 0.8 Jo.2a]0.8 [0.24[0.8 |0.24 0.8 [0.24 0.8 |0.27]0.9 {0.27]0.9 ]Jo.30{1.0 0.7 1.2 [0.43]1.4
1.830 6 Jo.2alo.8lo.2¢) 0.8 |0.2410.8 {0.27 0.9 {0.38 |1.1 1o.38 1.7 {0.37 ) 1.2 {0.40 {v.3 }o.40 |v.3 [0.43}1.4 Jo.52{1.7 Jo.61 j2.0 | 70°
281 9 lo.2a10.8 [0.24]0.8 lo.2710.9 {0.38 1.1 {0.37 {1.2 lo.40 |1.3 jo.4311.4 Jo.46 |1.5 Jo.49 {1.6 |0.52|1.7 lo.64 {2.1 J0.73 ) 2.4
3661 12 Jo.2a}0.8 [0.27]0.9 [0.38 {1.1 {0.40]1.3 [0.43 {1.4 Jo.46 |1.5 [0.49 | 1.6 {0.52 1.7 {o.55 |1.8 Jo.61 |2.0 |0.73 |2.4 |o.85]2.8
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TABLE XXVIIl. DEPTH OF EMBEDMENT OF WOOD POLE INTO EARTH

[FR is maximum resultant force at top of pole; HT is height of pole; e is
tilt angle.]

DEPTH OF
POLE. —
EMBEDMENT
IN EARTH |
Fo N 445 890 1334 1779 2224 2669 3114 3558 4003 4448
il 100 200 300 400 500 600 700 800 900 1000 R‘(L;IE
HT DEPTH OF EMBEDMENT A
m ft m ftl m ft] m ftl m ftim ft | m ft|m tt|m ft | m ft | m ft
0.9V 3 {1.04] 3.4 [1.19] 3.9[1.22] 4.0/- - - - |- - I- - - - 1- N N
1.83| 6 (1.22la.0{1.62{5.3{1.11] 5.6 [1.80] 5.9 [1183] 6.0 [1.80] 5.9 - - - - - - - - 20°
2,741 9 11.37) 4.5 1.7715.8)2.11| 6.9 |2.10) 6.9 |2.29] 7.5 |2.32} 7.6 | 2.35| 7.7 |2.43] 7.9 |2.44] 8.0 |- 7.9
3.66] 12 |1.46) 4.8 |1.92]6.3{2.23| 7.3 |2.26( 7.4 |2.44| 8.0 [2.41| 7.9|2.41] 7.9(2.41| 7.9 {- - |- -
0.91 3 1.221 4.0 |- - - - - - - -
1.83| 6 [1.65| 5.4 ]1.80]5.9[1.83] 6.0~ - - - 45°
2.714| 9 |[1.80]5.972.35]7.7]2.35] 7.7 ]2.41} 7.9 |2.44] 8.0
3.66 0 12 |1.9s)e.4{2.29)7.5|2.44] 8.02.44]|8.0}- -
o] 3 |rz22|sol- |- |- |- [- [- |- |- N/A
1.831 6 [1.86]6.1[1.83]6.0]- - - - |- - 70°
2.7 9 lz.ov)6.6]2.38)7.8)2.41]7.9]- - - -
.66 | 12 [caelzale.an|7.9]2.94]8.0]- - |- -




TABLE XXXIX.

SCHEDULE FOR BASE PLATE AND ANCHOR BOLTS
FOR POLE-MOUNTED STRUCTURES

MOMENT b* t*" e** A.B.DIAMETER | # OF BOLTS
N-m in.-k cm in. cm in. cm in. cm in. cm in.

565 5 15.2 | 6 15.2 6 1.9 | /4 10.16 | 4 1.211 172 4
1129 10 178 7 17.8 7 1.9 | 3/4 10.16 | 4 1.21] 172 4
2259 20 7.8 7 17.8 7 1.9 | /4 10.16 | 4 1.27( 1/2 4
3389 0 18.4 | 7.25 18.4 7.25 | 1.9 | /4 10.16 | 4 1.6 | 5/8 4
4519 40 18.4 | 7.25 18.4 7.5 | 1.9 | /4 10.16 | 4 1.9 | 34 ]
5649 50 19.3| 7.6 19.3 7.6 1.9 | e 1016 | 4 1.9 | ¥4 4
6778 60 19.3 1 7.6 19.3 7.6 1.9 | 34 1006 | 4 1.9 | 4 4
7908 10 20.3| 8 20.3 8 1.9 | /4 12.7 5 1.9 | ¥4 4
9038 80 20.3| 8 20.3 8 1.9 | /4 12.7 5 2.2 | 18 ]
10168 90 22 8.7 22 8.7 1.6 | 5/8 127 |5 1.9 | /4 ]
1298 | 100 22 8.7 22 8.7 1.6 | 5/8 12.7 5 2.2 | us8 4
16947 | 150 23.9] 9.4 23.9 9.4 1.6 | 5/8 15.24 | 6 2.2 | s 4
22595 | 200 23.9 | 9.4 n.e | 12.5 1.6 | 5/8 20.32 | 8 1.9 | /4 8
33893 | 300 27.4 | 1.8 4.7 | 17.6 V.21 | V2 15.24 | 6 2.2 | ys 8
38413 | 340 27.4 { 10.8 50 19.7 1.27 ] V)2 20.32 | 8 2.2 | 18 8

* See Figure 50 for designation of dimensions
** See Figure 51 for designation of dimensions
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4.8 Installation and Maintenance Factors

A complete installation ana maintenance plan should be written in the form of
a statement of work which includes:

A fabrication and installation plan
A procurement plan

A quality control plan

A maintenance plan

b~

Statement of Work

The statement of work may be divided into the following tasks:

Task 1. Management and System Integration
Task 2. System Installation

Task 3. System Checkout

Task 4. System Performance Verification
Task 5. Maintenance

(a) Task 1: Management and System Integration

Task 1 involves the following steps:

(1) Planning

(2) Coordinating and administering the entire project work effort
(3) Managing the work of subcontractors and consultants
(4) Maintaining quality control

(5) Defining all work tasks

(6) Monitoring and controlling cost

(7) Scheduling and maintaining schedule control

(8) Managing and controlling change orders

(9) Reporting progress at periodic intervals

(10) Accepting the completed work

(11) Establishing a safety plan (optional)

(b) Task 2. System Installation

Task 2 involves:

(1) Site preparation

o Preparing the necessary documents for procurement of iabor,
materials and services .

o Inspecting the site during construction

(3 Certifying recommendation or approval of contractor's invoices
for payment

° Monitoring all safety matters

e Initiating erosion-control and water drainage procedures for
the site (if necessary)

© Complete grading of array site
o Fencing
© Accepting completea work
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(2) Array structure and electrical connections

° Instaliing foundations and structural members, and making
appropriate connections
° Installing modules, cabling, switches, and junction boxes on
array and making appropriate electrical connections
(3) Safety
° Installating electrical grounding and lightning protection

(c) Task 3. System Checkout

Task 3 includes:

Defining tests required

Writing procedure for system check-out

Inspecting all work

Conaucting start-up test of complete system under normal operating
conditions

o~
SH WM =
S et e

(d) Task 4. System Performance Verification

Task 4 involves:

(1) Writing test plan for a trial operation
) Conducting all-up system trial operation

) Conducting approved experiments

(e) Task 5. Maintenance Plan

This task involves:

(1) VYearly or bi-yearly visits to site

(2) Inspecting and testing of modules

(3) Inspecting foundation, structure, and mechanical connections
(4) Inspecting electrical connections and grounding

(5) Reporting results of inspection

(6) Repairing/replacing parts and components as necessary

4,9 C(Cost Analysis

A necessary part of any practical engineering design is the cost analysis.
This is especially critical in photovoltaic array design, where the cost for
an array for one particular application may vary significantly depending on
the module type and construction materials used.

The cost analysis for the array structure may be divided into the following
parts:

Preliminary Costs

Site Preparation Costs
Array Structure Costs
Array Electrical Costs
Miscellaneous Costs
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A.  Preliminary Costs

The preliminary costs include:

(a) Building permit fees, as described in Section 4.2

(b) Plan checking fee (not necessarily required: the local zoning board
should be consulted)

(c) Site survey

B. Site Preparation Costs

Site preparation costs include the material and labor, incluaing machinery,
cost of: ;

(a) Grading the site

(b) Clearing the site

(c) Roads

(a) Fences

(e) Drainage

(f) Relocation or modification of existing structures
(g) Hole preparation for foundation

C. Array Structure Costs

Array structure costs include the material, labor, and machinery costs for:

Photovolitaic modules
Structural members (beams and columns)
Complete foundation

a
b
c
d) Mechanical connections (bolts, welds, etc.)

s o~ o, o~
e e’ e e

D. Array Electrical Costs

Array electrical costs include the material, labor, and machinery costs for:

Junction boxes, conduits, etc.

Cabiing

Grounding

Lightning protection

Mechanical connections for conduit or junction boxes to array structure

P P PN P~
[ 3N« NN oI w1}
N e S e

E. Miscellaneous Costs

Miscellaneous costs include:

(a) Insurance on materials and labor

(b) Sales tax

(c) Overhead and profit for sub-contractors

(d) Array cleaning or washing equipment

(e) Maintenance costs (cost to make regular checkout of system and cost to
replace a module or sets of modules)

(f) Inflation
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The cost of each part and subpart of the cost analysis should be calculated
as the sum of four distinct costs:

Cost of equipment or material at location of purchase

Cost of delivery of equipment or material to site

Cost of checking material at site (before and after assembly in array)
Cost of labor for on-site fabrication, assembly, and installation

Once the costs are determined, they should be organized in table form. A
sample structural cost estimate table is shown herein. The sub-total costs
can then be added to find the overall cost.

In order to adequately perform the cost analysis, the designer must have
adequate information sources. These include the following:

Manufacturers (lumber yards, fabricators, aluminum exteriors)

Local suppliers and supply houses

Tra?e associations for the respective construction materials (See Section
7.0

Cost Analysis Manuals

Means

Dodge

Building Cost File (Regional Editions)

Construction contractors

STRUCTURAL COST ESTIMATE (PRELIMINARY)

ITEM

UNIT COSTS CosST

QUANTITY | MATERIAL| INSTALLATION| MATERIAL | INSTALLATION

TOTAL

COSTS

Site Preparation

Concrete Foundation(s)

Steel

Sub-Total

15% Insurance on labor

6% Sales Tax

Sub-Total

20% Overhead and Profit

Sub-Total

10% Inflation

TOTAL
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5.0 ARRAY/STRUCTURAL DESIGN EXAMPLE PROBLEMS

This section illustrates the use of this hanabook for designing triangular and
pole-mounted array/structural systems for photovoitaic system applications.
There are five examples covering the three generic systems discussed in this
handbook. Three of the examples (Examples 1, 3, and 5) use English Units,
while the other two examples (Examples 2 and 4) use SI Units. The first
example is for a 1 kWp dedicatea system and is worked out in aetail for
structural steel, aluminum, and cold-formed steel with a cost analysis for
each. (Costs for modules and electrical hardware are not incluaea, however.)
The next two examples, one for 200 Wp and one for 4 kWp, are used to show the
difference in PV module and structural member sizes when designing different
systems. In addition, the third example illustrates the method used to
determine the sun's position relative to site location as a function of the
time of year and time of day, and the method used to aetermine row spacing to
avoid shading from one row to the next. The fourth example, for a 1 khp
portable system is used to illustrate the difference between dedicated and
portable triangular systems. Finally, the fifth example is for a 200 Wp
pole-mounted system.

In the cost analysis it should be noted that the costs are valid only to show
how to do a cost analysis. Costs of the different materials are a function of
location in the world, time when ordered, and amount orderea, and SO may vary
widely depending upon these restrictions. 1In aadition, the costs for labor
and services vary significantly as a function of location and time. Therefore
the costs given should not be considered actual costs for building a
photovoltaic array/structural system.

5.1 Design Example 1: 1 kWp Dedicated (English Calculations)

A. Description

Site location: Near Puget Sound, Washington (Latitude = 47.5°
N, Longitude = 1230 W).
Site conditions: -Level site, no size or shape restrictions on

array field, and no shading from nearby trees or
structures.

Weather conditions: Consult tables and figures.

Tilt angle: Design for permanent (fixed) tilt of 500 (See
Step 1, item (b) in Section 2.0).

Array orientation: Orient array so that it faces due south.

B. Module Determination

13 percent efficient module
Size: 2 ft x 2 ft
Weight: 3 1b/ft2

C. Array Size
1 kwp/m2 insulation and 13 percent efficiency implies that 1 kWp
requires 7.7 mé or 82.9 ft2 of array. The specific size of the

array, however, must be an integral number of modules. In addition, the
integral number of modules needed to produce the desired voltage must be
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considered (See Step 1, item (b) in Section 2.0). Since the voltage is
not given in this example, the array size is taken as 84 ft2 (21
modules).

Array Layout

The layout of the structure is ceterminea by the site conaitions. Since
there are no apparent restrictions for this site, a one-tier, two-bay
structure was chosen for this example. A small site may require a
two-tier structure with smaller spans or a structure consisting of
multiple rows. This layout, however, assumes there are 42 ft of clear
area within which to place the structure so a one-tier structure will be
used. Other considerations for layout are serviceability and
maintenance. Generally speaking, a two~tier structure or muitiple row
structural system is more costly to maintain and more difficult to
service. The structural system chosen for this example is illustratea in
the following figure:

9\ .—’—." - .
/(\/ \r"' b B
L e = 50°
< A
Codes

No codes consulted; design in accordance with this handbook.
Loads

Dead Load: The dead load is equal to the weight of the array plus the
weight of the structure. The weight of the array is providea by the
manufacturer; 3 psf in this case. The weight of the structure may be
carefully estimated by section designations or computed using the aensity
of the material. 1In this example, all three primary materials covered in
the handbook (structural steel, aluminum, ana cold-formed steel) are
considered. Of these, steel is the heaviest. The average weight of the
steel structure is 4 psf (this is a conservative estimate). After the
structure is designed, the weight can be computea and compared to the
estimated value; if necessary, the design may be revised if the weight is
underestimated. The deaa load, DL = weight of structure + weight of
modules = 4 psf + 3 psf = 7 psf.
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Live and other loads: The wind map (Figure 9) inaicates a 30 psf wind
pressure for the site. Design for 25 psf since the structure is less
than 30 ft above ground. The seismic load, V = 0.24 OL = 0.24 x 7 psf =
1.68 psf. The snow map (Figure 10) indicates a 10 psf snow pressure for
the site. Reduction is not done because snow loaa is less than 15 psf.
Ice l?ads are not of concern. Maintenance load is 15 psf (See Section
4.3.2).

Using the method given in Section 4.3.9:

Total Load = Dead Load + Live Load = 7 psf + 15 psf = 22 psf.
Total Load = Dead Load + Wind Load = 7 psf + 25 psf = 32 psf.
Total Load = Dead Load + Seismic Load = 7 psf + 1.68 psf = 8.68 psf.
Total Load = Dead Load + Snow Load = 7 psf + 10 psf = 17 psf.

Use total load of 32 psf as the design criterion since this is most
critical load.

Note: DL and WL are combined without regard to direction for simplicity
- this is a conservative approach.

Structural Design

See Section 4.7.1.1, Structural Design Proceaure and Figures 11C, 148,
and 16A.

Determine W: wuniform load applied to the beams.
For top and bottom beams:

W = Total Load x L'/2
where

L' height of one module
W=32 Ib/ft x 2 ft x 1/2 = 32 1b/ft

Determine M: The maximum moment developed in top and bottom beams.
For two continuous span beams:

M= 1.25 WL2/8
where
L span length between support frames
M=1.25 x 32 1b/ft x (21 ft)2 x 1/8 x 12 in./ft x 0.001 k/1b = 26.46 k-in.

Determine R: The maximum reaction for the top and bottom beams.
For two continuous span beams:

R=WL x 1.25
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(d)

where
L span length between support frames
R =32 1b/ft x 21 ft x 1.25 x 0.001 k/1b = 0.84 k

Determine lengths of members AC and BC.

AC = AB = height of module + 3 in. + 1/2 in. = 2.3 ft = L"; tilt angle =
50° up from horizontal.

BC = \(EL"Z - 2L"¢ cos o

BC = {5(2.3')2 - 2(2.3)2 cos 500 = 1.94 ft
Determine the sections to be used:

Structural Steel

Top and bottom beams (see Table II1): Based on the maximum moment (M),
the options are: L4x3x1/4 (5.8 1b/ft), L4x4x1/4 (6.6 1b/ft), WT5x6

(6 1b/ft), C3x4.1 (4.1 1b/ft), and W6x9 (9 1b/ft). Selection is based on
weight and availability. Assuming equal availability, choose (3x4.1
since it is the lightest section. Recalculation of the equations using
the new value of P (combined loaa) for actual member weight (4.1 1b/ft
versus original estimate of 4 1b/ft) results in selection of the same
member section, i.e., C3x4.1 for the top and bottom beams.

Members AC ana BC: Member selection based on R = 0.84 kips.

For member AC (see Table IV): L1x1x1/8.
For member BC (see Table IV): L1lxlx1/8.
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(2)

Aluminum

Top and bottom beams (see Table IX): Based on the maximum moment (M)
calculated for structural steel, the options are: L4x3x5/16 (2.46
1b/ft), L3-1/2x3-1/2x3/8 (2.93 1b/ft), €3x1.73 (1.73 1b/ft), W4x4.76
(4.76 1b/ft), and T4x3.74 (3.74 1b/ft). Assuming equal availability,
choose lightest section: (3x1.73. Recalculation of the equations
using the new value for P (combined load) for actual member weight
(1.73 Tb/ft versus orginal estimate of 4 1b/ft) results in selection of
the same member section, i.e., C3x1.73 for the top and bottom beams.
New values are M = 24.58 k-in. and R = 0.78 kips.

Members AC and BC: Member selection is based on R = 0.78 kips.

For member AC (see Table X): L1-1/2x1-1/2x1/8.
For member BC (see Table X): L1-1/2x1-1/2x1/8.

Cold-Formed Steel

Top and bottom beams (see Table XII): Based on the maximum moment (M)
calculated for structural steel, the options are: 2(4x2.88 (2.88
1b/ft), C5x3.5 (3.5 1b/ft) and H8x4.4 (4.4 1b/ft). Assuming equal
availability, choose Tightest section: 2C4x2.88. Recalculation using
the new value for P (combined load) for actual member weight (2.88
1b/ft versus original of 4 1b/ft) results in selection of section:
C5%x2.53 (2.53 ib/ft) for the top and bottom beams. This member is
lighter than the member previously chosen. New values are M = 25.24
k-in. ana R = 0.80 kips.

Members AC and BC: Member selection is based on R = 0.80 kips.

For member AC (see Table XIV): (3x1.16
For member BC (see Tabls XIV): (3x1.16

Determine connection details (see Figure 13A):
Structural Steel

Beam splicing (see Section 4.7.1.2): Beam splicing, if required, shall
be as per Figure 17.

Frame connections at C: Details are given in Figure 20 for connecting
the top and bottom beams to members AC and for connecting members BC to
members AC. Use welded connection for connecting members BC to members
AC. Use 5/8 in. diam. ASTM A307 bolts and nuts for connecting the top
and bottom beams to the clip angles attached to members AC (four bolts
required for each beam; one each end and two at the center).

Aluminum
Beam spTicing (see Section 4.7.1.3): Beam splicing, if required, is

the same as for structural steel, except aluminum shall be soldered
where steel is welded.

Frame connections at C: Same as above for structural steel, except

aluminum shall be soldered where steel is welded, and 1/2 in. diam.
aluminum alloy 2024-T4 bolts and 6061-T6 nuts shall be used in place of
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(1)

the 5/8 in. diam. A307 bolts and nuts for connecting the top and bottom
beams to the clip angles attached to members AC.

Cold-formed Steel

Beam splicing (see Section 4.7.1.4 and Note at bottom of Table XII):
Beam splicing, if required, is the same as for structural steel.

Frame connections at C: Details are given in Figure 35 for connecting
the top and bottom beams to members AC. Use four-bolt connections with
4 in. by 5-1/2 in. by 1/4 in. thick ASTM A36 steel plates welded to the
beams at the connection points. Use four 1/4 in. diam. ASTM A36 bolts
and nuts at each connection. Details are given in Figure 32 for
connecting members BC to members AC. Use welded connection.

Determine bracing details:

Structural Steel

Bracing shall be provided as indicated in Figure 23B for a two-bay,
one-tier structure. Details for the bracing connections are given in
Figures 24A and 24B. Use 3/8 in. diam, ASTM A36 rods threaded on both
ends with 3/8 in. N.C. threads as the bracing members and ASTM A307
nuts and lockwashers. Connections to members BC shall be made in
accordance with Figures 24A and 248B.

Aluminum

Same as above for structural steel, except use 3/8 in. diam. aluminum
alloy 6061-T6 rods threaded on both ends with 3/8 in. N.C. threads as
the bracing members and 6061-T6 nuts and Tockwashers. Also aluminum

shall be soldered where steel is welded.

Cold-formed steel

Bracing shall be provided as indicated in Figure 23B for a two-bay,
one-tier structure. Details for the bracing connections are given in
Figures 24A and 25. Use 3/8 in. diam. ASTM A36 rods threaded on both
ends with 3/8 in. N.C. threads as the bracing members and ASTM A307
nuts and lockwashers. Use a 3-1/2 in. by 1-3/4 in. by 1/8 in. thick
ASTM A36 steel baseplate welded to the center member BC for the
mid—frame brace connections. Connections to members BC shall be made
in accordance with Figures 24A and 25.

Determine foundation required (See Section 4.7.1.5 and Table XXIII):
Find the support point A and support point B rows in Table XXIII that
correspond to a tilt angle of 50°. The column with the smallest

value of R that is greater than the R calculated for the top and bottom
beam support points gives the foundation types required. In this case
the foundation types required are:

At support point A: 30 c
At support point B: 26 ¢

Specifications for the foundation types are given in Table XXII and
Figure 38.
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Note: The foundation types required are the same for structural steel,
aluminum and cold-formed steel.

Foundation Details

For foundations at point A: Use type 30 c reinforced concrete pier
with the following dimensions: diameter, 12 in.; height above finished
grade, 12 in.; and depth below finished grade, 6.5 ft.

For foundations at point B: Use type 26 ¢ reinforcea concrete pier
with the following dimensions: diameter, 18 in.; height above finished
grade, 12 in.; and depth below finished grade, 5.33 ft.

Use number 5 reinforcing bar, arranged and tied as indicated in Figure
38.

Determine connection details for members AC and BC to the foundation:

Structural Steel

Foundation connections at point A (See Figures 39 and 40 and Table
VI): For end frames and center frame: Use Type 1 connection with
4-1/2 in. by 4 in. by 1/4 in. thick ASTM A36 baseplate and 1/2 in.
diam. by 6 in. long (N.C. thread) ASTM A307 anchor bolts and nuts.
Embed bolts 4 in. into concrete.

Foundation connections at point B (See Figures 39 and 40 and Table
VII): For end frames and center frame: Same as above, except use 5/16
in. thick steel plate.

Aluminum

Foundation connections at points A and B are the same as for structural
steel, except use aluminum alloy 6061-T6 baseplates soldered to members
AC and BC. Bolts and embedment are the same as above.

Cold-formed Steel

Foundation connections at points A and B (See Figures 39 and 47 and
Tables XVI, XVIII and XIX): For end frames and center frame: Use Type
1 connection as per Figure 47 with 3-1/2 in. by 2-1/4 in. by 1/4 in.
thick ASTM A36 steel baseplates and 1/2 in. diam. by 6 in. long (N.C.
thread) anchor bolts and nuts. Embed bolts 4 in. into concrete.

Basic cost analysis:
Determine amount of materials needed.
Lengths of members:
Beams = 42 ft. Members AC

= 2.3 ft
Members BC = 1.94 ft. Bracing rods = 2

1.1 ft

Structural Steel
ASTM A36 materials needed:

° 2 - 42 ft pieces of C3x4.1 sections (beams). Note: May need to
use 21 ft pieces spliced together.

) 3 - 2.3 ft pieces of L1x1x1/8 (members AC) + 3 - 1.94 ft pieces of
L1x1x1/8 (members BC).
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° 2 - 3/8 in. diam. by 21.2 ft long rods, thread on both ends with
N.C. threads (diagonal braces).

° 4 - 1-1/4 in. long pieces of L3x3x3/16 (clips for end frame
members AC) + 2 — 6 in. long pieces of L3x3x3/16 (clip for center
frame member AC).

° 4 - 1-1/2 in. long pieces of L1-1/2x1-1/2x1/8.(bracing connection
brackets).

° 1 - 3-1/2 in. by 1-3/4 in. by 1/8 in. plate (center bracing
support basepiate).

° 3 -4 in. by 4-1/2 in. by 1/4 in. plates (baseplates for
foundation connections at support A).

° 3 -4 in. by 4-1/2 in. by 5/16 in. plates (baseplates for
foundation connections at support B).

ASTM A307 materials needed:

° 8 - 5/8 in. diam. by 1-1/4 in. long (N.C.) bolts and nuts (for
connecting beams to members AC).

° 8 - 3/8 in. N.C. nuts and lockwashers (for connecting brace rods
to members BC).

Other materials needed:
Welding rod sufficient to weld the following:

° Clips to members AC (approximately 3 ft weld length).
° Members AC to members BC (approximately 1/2 ft weld length).

° Bracing support plate to center frame member BC (approximately
1-1/4 ft weld length).

° Foundation baseplates to members AC and members BC (approximately
2 ft weld length).

Total weld length = 6-3/4 ft

Cost of materials:

° 2 x 42 ft x 4.1 1b/ft = 344.4 1b

® (3 x 2.3 ft + 3 x 1.94 ft) 0.8 1b/ft = 10.18 1b

2
2xm N 1 ft
® —4_ (0.375 1n.) X W

L (4 x 0.1 ft +2 x 0.5 ft) 3.71 1b/ft

x 21.1 ft x 490 1b/ft3 = 15.9 1b
5.2 1b

158



(2)

° 4 x 0.1 ft x 1.23 1b/ft = 0.51 1b

. . .1 ftd 3
° (3-1/2 in. x 1-3/4 in. x 1/8 in.) 3 X 490 1b/ft” = 0.22 1b
1728 ins
. . 1 ftS 3
'Y 3 (4 in. x 4-1/2 in, x 1/4 in.) — 3 X 490 1b/ft” = 3.83 1b
1728 in?
. . o1 ftd 3
° 3 (4 in. x 4-1/2 in. x 5/16 in.) 3 X 490 1b/ft” = 4.79 1b
1728 in?

° Welding rod and bolts, nuts and washers = 15 1b (approx.)
Total = 400 1b

Assume material and installation cost of $1000/ton, incluaing welding
rods and bolts, nuts and washers.

Material and installation (excluding welding): 400 1b x $1000/ton =
$400.00

Welding: 6.75 ft (1/8 in. and 3/16 in. welds) x $0.06/L.F. = $4.05

Total bare cost estimate for structural steel (excluding foundation) =
$404.05

Aluminum
Aluminum alloy 6061-T6 materials needed:

° 2 - 42 ft pieces of C3x1.73 sections (beams). Note: May need to
use 21 ft pieces spliced together.

° 3 - 2.3 ft pieces of L1-1/2x1-1/2x1/8 (members AC) +
3 -1.94 ft pieces of L1-1/2x1-1/2x1/8 (members BC).

® 2 - 3/8 in, diam. by 21.1 ft long rods, thread on both ends with
N.C. threads (diagonal braces).

® 4 - 1-3/4 in. long pieces of L3x3x3/16 (clips for end frame

members AC) + 2 - 6 in. Tong pieces of L3x3x3/16 (clip for center
frame member AC).

° 4 - 1-1/2 in. long pieces of L1-1/2x1-1/2x1/8 (bracing connection
brackets).

® 1 -3-1/2 in. x 1-3/4 in. by 3/16 in. plate (center bracing
support baseplate).

® 3 -4 1in. by 4-1/2 in. by 1/4 in. plates (baseplates for
foundation connections at support A).
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° 3 -4 in. by 4-1/2 in. by 5/16 in. plates (baseplates for
founaation connections at support B).

Aluminum alloy 2024-T4 materials needed:

) 8 - 1/2 in. diam. by 1-1/4 in. long (N.C.) bolts and nuts (for
connecting beams to members AC).

° 8 - 3/8 in. N.C. nuts and lockwashers (for connecting brace rods
to members BC).

Soldering materials sufficient to solder the following:
° Clips to members AC (approximately 4 ft soldering length).
° Members AC to members BC (approximately 1 ft soldering length).

° Bracing support plate to center frame member BC (approximately 1
ft soldering length).

° Foundation baseplates to members AC and BC (approximately 3-1/2 ft
soldering length).

Total soldering length = 9-1/2 ft

Cost of materials:

° 2 x 42 ft x 1.73 1b/ft = 145.3 1b
° (3 x 2.3 ft + 3 x 1.94 ft) 0.42 1b/ft = 5.34 1b

2
)2 x L ft % 21.1 £t x 165 1b/Ft3 = 5.37 b

2Xm .
° 7 (0.375 in.
144 in;

. (4 x 0.15 ft + 2 x 0.6 ft) 1.28 1b/ft = 2.3 1b
° 4 x 0.15 ft x 0.42 1b/ft = 0.25 1b

3
e  (3-1/2 in. x 1-3/4 in. x 3/16 in.) -l-iji-fg x 165 1b/ft>

1728 in.

]

G.11 1b

1 ftd

1728 in.3

!
—

o 3 (4 in. x 4-1/2 in. x 1/4 in.) x 165 1b/ft3 = 1.29 1b

1 i3

1728 in.3

]
—

o 3 (4 in. x 4-1/2 in. x 5/16 in.) x 165 1b/ft3 = 1.61 1b
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° Soldering rod and bolts, nuts and washers = 12 1b (approx.)
Total = 174 1b

Assume material and installation cost of $2.30/1b including solder and
nuts, bolts and washers.

Material ana installation (excluding soldering): 174 1b x $2.30/1b =
$400.20

Soldering: 9.5 ft x $0.60/L.F. = $5.70
Total bare cost estimate for aluminum (excluding foundation) = $405.90

Cold-formed Steel

ASTM A245C, A446A, A570C and/or A611C materials needed:

° 2 - 42 ft pieces of (5x2.53 sections (beams). Note: May neea to
use 21 ft pieces spliced together.

° 3 - 2.3 ft pieces of C3x1.16 (members AC) + 3 - 1.94 ft pieces of
C3x1.16 (members BC).

° 2 - 3/8 in.diam. by 21.1 ft long rods, thread on both ends with
N.C. threads (diagonal braces).

ASTM A36 materials needed:

) 6 - 4 in. by 5-1/2 in. by 1/4 in. plates (to connect beams to
members AC)

° 4 - 1-1/2 in. long pieces of L1-1/2x1-1/2x1/8 (bracing connection
brackets)

° 1 - 3-1/2 in. by 1-3/4 in. by 1/8 in. plate (center bracing
support baseplate)

o 6 — 3-1/2 in. by 2-1/4 in. by 1/4 in. plates (baseplates for
foundation connection at supports A and B)

ASTM A307 materials needed:

° 24 - 1/4 in. diam. by 1-1/4 in. long (N.C.) bolts and nuts (for
connecting beams to members AC).

° 8 - 3/8 in. N.C. nuts and lockwashers (for connecting brace rods
to members BC).

Other material needed:

WeTding rod sufficient to weld the following:

. Plates to beams (approximately 4 ft weld length),

° Members AC to members BC (approximately 3 ft weld length).
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° Bracing support plate to center frame member BC (approximately 1 ft
weld length).

o Foundation baseplates to members AC and members BC (approximately 4 ft
weld length).

Total weld length = 12 ft

Cost of materials:

. 2 x 42 ft x 2.53 1b/ft = 212.52 1b
[ (3 x 2.3 ft +3 x 1.94 ft) 1.16 1b/ft = 14.76 1b

2
o ZT (0,375 in.)% x 2L x 21.1 £t x 490 1b/ft7 = 15.86 1b
144 in.
1 1 1 ft3 3
o 6 (4dn x5 in xFin) ——T—x 490 1b/ft’ = 9.36 1b
1728 in.
) 4 x 0.1 ft x 1.23 1b/ft = 0.49 1b
1 3 1 1 ft3 3
° (3 §-in. x 1 T in. x g-in.) ——3 X 490 1b/ft” = 0.22 1b
1728 in.
3
1 . 1. 1. 1 ft 3
° 6 (3% in. x 2 = in. x ¢ in,) ————— x 490 1b/ft” = 3.35 1b
2 4 4 1728 in.3

) Welding rod and bolts, nuts and washers = 16 1b (approx.)
Total = 273 1b

Assume material and installation cost of $1100/ton, including welding
rods and bolts, nuts and washers.

Materials and installation (excluding welding): 273 1b x $1100/ton =
$150.15

Welding: 12 ft (1/8 in. and 3/16 in,welds) x $0.60/L.F. = $7.20

Total bare cost estimate for cold-formed steel (excluding foundation) =
$157.35

Foundations:
Reinforcea concrete needed:
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o Type 30 c: 3x g7 (1ft)°x 7.5 ft = 17.67 3

o Type 26 c: 3 xF (L5 £t)% x 6.33 ft = 33.56 ft3

Total = 51.23 ft3 = 1.90 cu yd
Anchor bolts (including material and installation):

6 (1/2 in. diam. by 6 in. long (N.C.) bolts and nuts) x $3.48 ea. =
$20.88

Assume cost of $135/cu yd for concrete, rebar and installation
(including forming, but excluding anchor bolts)

1.9 cu yd x $135/cu yd = $256.50
Anchor bolts = $20.88
Total bare cost estimate for foundations = $5277.38

Summary:
Structural Steel System Cost:

Structure Cost = $404.05

Foundation Cost = $277.38

Total Bare Cost Estimate = $681.43
25 percent for 0+P = £170.36

15 percent for Contingency = $102.21
Total Estimated Cost = $954.00

ATuminum System Cost:

Structure Cost = $405.90

Foundation Cost = $277.38

Total Bare Cost Estimate = $683.28
25 percent for 0+P = $170.82

15 percent for Contingency = $102.49
Total Estimated Cost = $956.59

Cold-formed Steel System Cost:

Structure Cost = $157.35

Foundation Cost = $277.38

Total Bare Cost Estimate = $434.73
25 percent for O0+P = $108.68

15 percent for Contingency = $65.21
Total Estimated Cost = $608.62

Based on this analysis, the cola-formed structural steel system should

be chosen. Other considerations, however, may dictate use of one of
the other systems.
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5.2

Note: The above cost analysis is based on estimated costs in 1979
dollars and includes only the bare costs for the structures and their
foundations.

Design Example 2: 200 Wp Dedicated (Metric Calculations)

Description
Site location: Near Lima, Peru (Latitude = 129 S, Longitude
Site conditions: Level site, no size or shape restrictions on

array field, and no shading from nearby tress
or structures.

Weather conditions: Temperate, semi-arid area with temperature
range of approximately 59 to 259C (no
frost or snow); assume maximum wind velocity
of 130 km/hr.

Tilt angle: Design for fixed tilt of 120 (see Step 1,
jtem (b) in Section 2.0).
Array orientation: Orient array so that it faces due North.

Module Determination

34.5 watts (peak) module (7.2 percent efficiency)
Size: 0.4 mx1.2m
Weight: 8.2 kg/mé

Array Size

Six 34.5-watt modules are required for the array. This assumes that
this combination of modules will provide the desired voltage (see Step
1, item (b) in Section 2.0). In this case the array size is 2.88 m-.

Array Layout and Structural Material Selection

Since there are no apparent restrictions for the site, a one-tier
one-bay structure was chosen for this example. The structural system
chosen is illustrated in the following figure:

2.4 m

Use structural steel as the structural material for this example.
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(b)

(c)

Loads

Dead Load:
DL = weight of structure + weight of modules
L = 200 N/n® (est.) + 8.2 K « 9&3 N _

m

Live and other loads: The maximum wind velocity for the site is 130
km/hr. Using Table 3.7 of the reference given in Section 7.4 and
converting to Eng]igh Units and then back to metric units yields a wind
pressure of 785 N/m¢ at heights of 1ess than 9 metegs. The seismic
load is V = 0.24 DL = 0.24 x 280.36 N/mé = 67.3 N/m There are _no
snow or ice loads for the site. The ma1ntenance 1oad is 718 N/m

(See Section 4.3.2.).

Using the method given in Section 4.3.9:

Totg] Load = Dead Load + Wind Load + 280.36 N/m2 + 785 N/mé = 1065
N/m=.

Use total load of 1070 N/mé as the design criterion.

Structural Design

See Section 4.7.1.2, Structural Design Procedure and Figures 11A, 148,
and 16A

Determine W: Uniform load applied to top and bottom beams.

W = Total Load x L'/2
where
L' height of one module
W=1070 N/m2 x 1.2 m x 1/2 = 642 N/m

Determine M: The maximum moment developed in top and bottom beams.

For single span beams:

M= 1.25 WL2/8
where
L span length between support frames
M=1.25 x 642 N/fm x (2.4 m)2 x 1/8 = 577.8 N-m

Determine R: The maximum reaction for the top and bottom beams.

For single span beams:

= WL/2
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(d)

where
L span length between support frames
R =642 N/mx 2.4 mx 1/2 =770.4 N
Determine sections to be used for top and bottom beams.

Use Structural Steel

For top and bottom beams (See Table III): Use L2-1/2x2x3/16 or metric
equivalent.

Determine lengths of members AC and BC.

AC = AB = height of module + 7.6 cm + 1.3 cm = 1.29 m = L"; tilt =
129 up from horizontal.

BC ={2 L"2 — 2 L" cos o

BC ={2 (1.29)2 (1.29)2 cos 120 = 0.270 m
Determine sections to be used for members AC and BC.

Use Structural Steel

For Member AC (See Table IV): Use L1x1x1/8 or metric equivalent.
For Member BC (See Table IV): Use L1x1x1/8 or metric equivalent.

Determine connection details (See Figure 13A):

Frame connections at C: Details are given in Figure 19 for connecting
the top and bottom beams to members AC and for connecting members BC to
members AC. Use bolted connection (10 mm diam. ASTM A325 bolts and
nuts, or equivalent) for connecting members BC to members AC. Use 12
mm diam. ASTM A307 bolts and nuts for connecting the top and bottom
beams to the clip angles attached to members AC.

Note: Since this is a relatively small structure at a very low tilt
anglie, diagonal bracing in the "BC" plane is not needed.
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5.3

Determine foundation required (See Section 4.7.1.5 and Table XXIII):
Foundation types required are:

At support point A: 39 ¢
At support point B: 29 c

Specifications for the foundation types are given in Table XXII and
Figure 38.

Foundation Details

For foundations at point A: Use type 39 c reinforced concrete pier
with following dimensions: diameter, 30 cm; height above finished
grade, 0.15 m; and depth below grade, 0.84 m.

For foundations at point B: Use type 29 c reinforced concrete pier
with following dimensions: diameter, 30 cm; height above finished
grade, 0.15 m; and depth below grade, 0.91 m.

Use number 5 reinforcing bar, arranged and tied as indicated in Figure
38.

Determine connection details for members AC and BC to the foundation:
Foundation connection at point A (See Figures 39 and 40 and Table VI).
Use Type 1 connection with 11.4 cm by 10 cm by 6.53 mm thick ASTM A36

baseplate and 12.7 mm diam. x 15 cm long ASTM A307 anchor bolts and
nuts. Embed bolts 10.2 cm into concrete.

Foundation connection at point B (See Figures 39 and 40 and Table VII):
Same as above, except use 7.94 mm thick steel plate.

Design Example 3: 4 kWp Dedicated (English Calculations)

Description

Site location: Tucson, Arizona (Latitude = 32.20 N,
Longitude = 1110 W),

Site conditions: Level site, no size or shape restrictions on
array field, and no shading from nearby trees
or structures.

Weather conditions: Consult tables and figures.

Tilt angle: Design for permanent (fixed) tilt of 30°
(see Step 1, item (b) in Section 2.0).

Array orientation: Orient array so that it faces due south.

Other information: Space structures so as to avoid array shading

after 0900 hours local time.

Module Determination

25 watt (peak) module (6.7 percent efficiency)
Size: 2 ft x 2 ft
Weight: 2.5 1b/ft
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E.
(a)

(b)

Array Size

160 25-watt modules are required for the array. Therefore, the array
size must.be 160 x 2 ft x 2 ft = 640 ft2. This assumes that this
combination of modules will provide integral sets of modules (strings)
to produce the desired voltage. For this example, assume a string
consists of eight modules (See Step 1, item (b) in Section 2.0).

Array Layout and Structural Material Selection

Since there are no apparent restrictions for the site, a two-tier
two-bay structural system consisting of four rows was chosen for this
example. This arrangement requires four structures 40 ft long with
each structure housing 40 solar cell modules. The structural system
chosen is illustrated in the following figure:

Use structural steel as the structural material.
Loads
Dead Load:

DL = Weight of structure + Weight of modules

DL = 4 psf (est.) + 2.5 psf = 6.5 psf

Live and other loads: The wind map (Figure 9) indicates a 20 psf wind
pressure for the site. Design for 15 psf since structure is less than
30 ft above ground. The seismic load, V = 0.24 DL = 0.24 x 6.5 psf =
1.56 psf. The snow map (Figure 10) indicates a 5 psf snow pressure for
the site. Reduction is not done because snow load is less than 15

psf. Ice loads are not considered significant for the area.
Maintenance load is 15 psf.

Using the method given in Section 4.3.9:
Total Load = Dead Load + Wind Load = 6.5 psf + 15 psf = 21.5 psf.

Use total load of 22 psf as the design criterion.
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Structural Design

See Section 4.7.1.1, Structural Design Procedure and Figures 11D, 14A,
and 168

Determine W: Uniform load applied to the beams.
For top and bottom beams:

W = Total Load x L'/2
where

L' height of one module
W =22 psf x 2 ft/2 = 22 1b/ft
For middle beam:

W Total Load x L'

W =22 psf x 2 ft = 44 1b/ft

Determine M: The maximum moment developed in the beams.
For two continuous span beams
For top and bottom beams:

M= 1.25 LW2/8 = 1.25 x 22 1b/ft x (20 ft)2 x 1/8 x 12 in./ft x
0.001 k/1b = 16.5 k-in.
For middle beam:

Mp = Mg X 2 = 16.5 k-in,x 2 = 22 k-in.

Determine R: The maximum reaction for the top and bottom beams.
For two continuous span beams:

R=1.25WL =1,25 x 22 1b/ft x 20 ft x 0.001 k/1b = 0.550 k = 1.25 WL
Determine sections to be used for top, bottom, and middle beams.

Use Structural Steel

Top and bottom beams (See Table III): Use C3x4.1.

Middie beam (See Table III): Select a T (tee) or wide flange; depth of
top and bottom beams can be adjusted when connected to members AC' so
that top surfaces align with top surface of middle beam when beams
chosen are of different depths. Use WT5x6.
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(e)

Determine lengths of members AC' and BC.

AC' = AB = height of two modules + 3 in. = 4.25 ft = 2 L", tilt = 309
up from horizontal.

BC

1176.25 L"2 _ 6 L"2 cos 6

BC {6.25 (4.25/2 f£)2 - 6 (4.25/2 ft)2 cos 30° = 2.18 ft

Determine sections to be used for members AC' and BC.
For member AC' (See Table V): Use C3x4.1.
For member BC (See Table V): Use L1-1/2x1-1/2x1/8.

Determine connection details (See Figure 16B)

Beam splicing (See Section 4.7.1.2): Beam splicing, if required, shall
be as per Figure 17.

Beam connections to members AC': Connection of the top and bottom beam
to members AC' are identical to that for one-tier structures. The
details for these connections may be developed from Figure 20. Details
for connecting the middle beam to members AC' are given in Figure 21.
Use 5/8 in. diam ASTM A307 bolts and nuts for connecting the beams to
the clip angles attached to members AC'.

Frame connections at C: Details for connecting members BC to members
AC are given in Figure 22A. Use welded connection, as indicated.

Determine bracing details:

Bracing shall be provided as indicated in Figure 23B for a two-bay,
two-tier structure. Details for the bracing requirements may be
developed from Table VIII and Figures 24A, 25, 29, and 30. Use 3/8 in.
diam. ASTM A36 rods threaded on both ends with 3/8 in. N.C. threads as
both the horizontal strut and diagonal bracing members, and ASTM A307
nuts and lockwashers. Use 3/16 in. thick ASTM A36 steel baseplates
welded to the center frame members (AC' and BC) for the mid-frame
horizontal strut and diagonal bracing connections. Connections to

members AC' and BC shall be made in accordance with Figures 24A, 25,
29, and 30.
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(1)

Determine foundation required (See Section 4.7.1.5 and Table XXIV):
Foundation types required are:

At support point A: 18 c
At support point B: 41 ¢

Specifications for the foundation types are given in Table XXII and
Figure 38.

Foundation Details

For foundations at point A: Use type 18 c¢ reinforced concrete pier
with following dimensions: diameter, 18 in.; height above finished
grade, 12 in.; and depth below grade, 5.75 ft.

For foundations at point B: Use type 41 c reinforced concrete pier
with following dimensions: diameter, 24 in.; height above finished
grade, 12 in.; and depth below grade, 5.50 ft.

Use number 5 reinforcing bar for type 18 ¢ and number 7 for type 41 c,
arranged and tied as indicated in Figure 38.

Determine connection details for members AC' and BC to the foundation:

Foundation connections at points A and B may be developed from Figures
39 and 41 and Tables VI and VII. Use 1/4 in. thick ASTM A36 baseplate

and 1/2 in. diam. by 6 in. long (N.C. thread) ASTM A307 anchor bolts
and nuts. Embed bolts four inches into concrete.

Determine row spacing to avoid shading after 0900 hours on December 22.
Using the method given in section 3.5.1:
From Tables IIA and IIB:

d = (-23.459), ET = 0.030 hours and TZIN = +7

h =15 (t - 12 + TZN + ET) - Long

h = 15%hr (9 - 12 + 7 + 0.03) hr - 1110 = 50.550
h* = cos—! (-tan Lat.)(tan d)

h' = cos~! [-tan 32.20][tan (-23.459)] = 74.150

| h | < |h*'| , therefore the time chosen to avoid shading is after
sunrise.

Sunrise at the site on December 22 is:

SRT = 12 - (h'/15) - ET - TZN + (Long/15)

SRT = 12 - 74.15/15 - 0.030 - 7 + (111/15) = 7.427 hr = 7:26 a.m. MST

SALT = sin-l (cos Lat. cos h cos d + sin Lat. sin d)
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5.4

SALT = sin-l [cos 32.20 cos (-50.559) cos (-23.450)
+ sin 32.20 sin (-23.459)]
SALT = 16.330
SAZM = sin-1 [cos d sin h/cos (SALT)]
SAZM = sin-l [cos (-23.45°) sin (~50.55°)/cos 16.339]
SAZM = -47.589 or 47.580 East of South.
Y sin (s + 1)
SPACEl = SNy
a = | sAzh + cazm | = |-47.580 + 00 | = 47.58°
0
§ = arc tan [tan (SALT']= arc tan[fiﬂ—léiég—]= 23.47°
cos a os 47.58°
(4 ft) sin (23.47° + 30°)
SPACE1 = - 5 = 8.06 ft
sin 23.47
X sin (8 * 1) 1
SPACEZ N sin § X STn T cot (SALT) sin a
. 0 0
SPACE2 _ (40 ft) sin (23.42 + 30) % . 1 . -
sin 23.47 sin 30" cot 16.33° sin 47.58
SPACE2 = 64.06 ft

Since either SPACE; or SPACEp ensures no shading, use 8.06 ft as
spacing between the rows in the South to North direction.

Design Example 4: 1 kWp Portable (Metric Calculations)

Description

Site Tocation: Tangaye, Upper Volta (Latitude = 12.50 N,
Longitude = QO0)

Site conditions: This is to be a portable array capable of
being moved from site to site with a minimum of
effort. It is assumed that all sites will be
level with no size or shape restrictions on
the array field and selected so as to avoid
shading from nearby trees or structures.

Weather conditions: Temperature range of 70 to 490 C (no frost
or snow); maximum wind velocity = 130 km/hr.

Tilt angle: Design for fixed tilt of 12.50 (see Step 1,
item (b) in Section 2.0).

Array orientation: Assume array will be oriented so that it faces
due south.
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Module Determination

84 watt (peak) module (12.5 percent efficiency)
Size: 0.56 mx 1.2 m
Weight: 13.6 kg/m2

Array Size

Twelve 84-watt modules are required for the array. This assumes that
this combination of modules will provide the desired voitage (see Step
1, item (b) in Section 2.0). 1In this case the array size is 8 m<.

Array Layout and Structural Material Selection

Since the array is intended to be portable, i.e., capable of being
easily moved from one site to another within a locality, a one-tier,
one-bay structural system consisting of four portable units was chosen
for this example. This arrangement requires four separate structures
1.68 meters long with each structure housing three solar cell modules.
The structural system chosen is illustrated in the following figure:

- : %

Use aluminum as the structural material.
Loads

Dead Load:

DL

Weight of structure + Weight of modules

OL = 100 N/me (est.) + 13.6 kg/m? x 9.8 N/kg = 233.28 N/m2

Live and other loads: The maximum wind velocity for the locality is
130 km/hr. Using Table 3.7 of thg reference given in Section 7.4
yields a wind pressure of 785 N/m¢ at heights of less than 9 meters.
The seismic load is V = 0.24 DL = 0.24 x 233.38 N/m® = 56 N/m<.

There are po snow or ice loads for the locality. The maintenance load
is 718 N/m¢ (See Section 4.3.2).

Using the method given in Section 4.3.9:

Total Load = Dead Load + Wind Load = 233.28 N/mé + 785 N/m

1018.28 N/m2
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Use total load of 1020 N/mZ as the design criterion.

Structural Design

See Section 4.7.1.1, Structural Design Procedure and Figures 13D and 16A
Determine W: Uniform load applied to top ana bottom beams.
W = Total Load x L'/2
where
L' height of one module
W=1020 N/m¢ x 1.2 m x 1/2 = 612 N/m

Determine M: The maximum moment developed in top and bottom beams.
For single span beams:

M= 1.25 WL2/8
where

L span length between support frames
M=1.25x 612 N/m x (1.68 m)2 x 1/8 = 269.9 N-m

Determine R: The maximum reaction for the top and bottom beams.
For single span beams:

R = WL/2
where
L span length between support frames
R =612 N/m x 1.68 m x 1/2 = 514 N
Determine sections to be used for top and bottom beams:
Use Aluminum

Top and bottom beams (see Table IX): Use L2x1-1/2x1/8 or metric
equivalent.

Determine lengths of members AC and BC.
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(e)

(f)

Determine lengths of members AC and BC.

SERR
1.9 ® _”"A\

8
‘/ 8 = 12.50

Y 7errr B

]

AC = AB = height of module + 7.6 cm + 1.27 cm = 1.29 m = L"; tilt =
12.5% up from horizontal.

BC ={ 2 1"2 _ 2 L2 cos o

BC = ‘[2 (1.29)2 — 2 (1.29)2 cos 12.50 = 0.281 m

Determine sections to be used for members AC and BC.
Use Aluminum

For Member AC (see Table X): Use L1-1/2x1-1/2x1/8 or metric equivalent.
For Member BC (see Table X): Use L1-1/2x1-1/2x1/8 or metric equivalent.

Determine anchoring regquirements for the portable structures:

For one-tier structure
UpTift and lateral loads at support points A and B due to wind:

R'/tan g (See Section 4.7.1.1)

B =

X -

B =R

)I/ ] ]
Ax =2R sine-R /tan 8
A= 2R _R

y cos o

g = (180 - o)/2 = (180° - 12.5%)/2 = 83.75°

Determine wind load W': uniform wind Toad applied to top and bottom
beams.

W' = wind load x L'/2
where
L height of one module
W' = 785 N/mé x 1.2 m x 1/2 = 471 N/m
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Determine R': The maximum reaction for the top and bottom beams due to
winc Toad alone.

For single span beams:
R' = W'L/2
where
L span length between support frames

R' = 471 N/m x 1.68 m x 1/2 = 395.64 N

Lateral loads at B due to wind:
B, = (395.64 N)/tan 83.75% = 43.33 N

Uplift loads at B due to wind:

=R = .64
By 395.64 N

Lateral loads at A due to wind:
A, =2 (395.64 N) sin 12.5° ~ 395.64 N/tan 83.75

Ax = 127.93 N

Uplift loads at A due to wind:

Ay 2 (395.64 N) cos 12.5° - 395.64 N

A
y
Therefore, the weight which must be placed at support B to resist both
uplift and sliding due to wind is 396 N. The weight which must be
placed at support A to resist both uplift and sliding due to wind is
377 N.

]

376.88 N

One option is to connect the frame support points A and B together with
spreader bars and then apply weights, such as sand bags, to the bars to
provide resistance to overturning and/or sliding due to wind. In this
case, it is assumed that the sand bags are concentrated as close as
poessible to the support points. If the weights are concentrated within
1/3 meter of the support points A and B, then the maximum moment in the
spreader-bars is

Mmax =1/3 mx 396 N = 132 N-m

BAR
From Table IX: Use L1-3/4x1-1/4x1/8 or metric equivalent.

Note: If the structures are to be left in one place for a year or more,
it is suggested that the weights be increased by 1-1/2 times the
calculated weights needed to resist uplift and sliding. Also if the
structures are to be relocated to sites outside the locality for which
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5.5

they were designed, then they should be reevaluated for the wind
conditions for the new site.

Determine connection details (see Figures 13D and 16A)

Frame connections at C: Details are given in Figure 19 and Section
4.7.1.3 for connecting the top and bottom beams to members AC and for
connecting members BC to members AC. Use bolted connection (1.27 cm
diam. aluminum alloy 2024-T4 bolts and 6061-T6 nuts, or equivalent) for
connecting members BC to members AC and for connecting the
spreader-bars to members AC and BC. Use 1.27 cm diam. aluminum alloy
2024-T4 bolts and 6061-T6 nuts, or equivalent, for connecting the top
and bottom beams to the clip angles attached to members AC.

Note: Since this is a relatively small structure at a very Tow tilt
angle, diagonal bracing in the BC plane is not needed.

Design Example 5: 200 Wp Pole-Mounted (English Calculations)

Description (See Section 4.7.2)

Site location: Hawaii (Latitude = 18954'N, Longitude =
155 5'W)

Site conditions: Level site, clear of obstructions

Weather conditions: Average temperature 65 to 700 F (no frost or
snow); maximum wind velocity = 80 mph.

Tilt angle: Maximum variable tilt that will be used is
34 .

Array orientation: Orient array so that it faces due south.

Module Determination

20 watt (peak) module (7.5 percent efficiency)
Size: 3/4 ft x 4 ft
Weight: 2.8 1b/ft2

Array Size

Ten 20-watt modules are required for the array. This assumes that this
combination of modules will provide the desired voltage (see Stsp 1,
item (b) in Section 2.0). 1In this case the array size is 30 ft¢.

Array Layout, Height of Pole and Structural Material Selection

Use single row of ten modules in side~by-side configuration., This
means that the array must be 4 ft high (L') by 7.5 ft wide (L).

Use a pole height (HT) of 6 ft.

Use aluminum as the structural material.
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Loads

Dead Load:

DL = weight of structure + weight of modules

DL = 3 psf (est.) + 2.8 psf = 5.8 psf

]

Live and other loads: The maximum wind velocity given for the site is
80 mph. From Table 3.7 of the reference given in Section 7.4, this
corresponds to a wind load of 16.4 psf at heights of less than 30 ft.
The seismic load is V = 0.24 DL = 0.24 x 5.8 psf = 1.4 psf. There are
no snow or ice loads for the site. The maintenance load is 15 psf (see
Section 4.3.2).

Using the method given in Section 4.3.9:

Total Load = Dead Load *+ Wind Load = 5.8 psf + 16.4 psf = 22.2 psf.
Use total load of 23 psf as design criterion.

Structural Design

See Section 4.7.2.1, Structural Design Procedure and Figures 12, 48 and
49

Determine W: wuniform load applied to the beams.
For top and bottom framing beams:

W = Total Load x L'/2
where

L' height of one module
W =23 psf x 4 ft/2 = 46 1b/ft

Determine FR: The maximum resultant force at top of pole.

Fp = 1.25 P x L x L"
where

P total load
L span length
L" nominal distance between top and bottom beams

FR = 1.25 x 23 1b/ft2 x 7.5 ft x 4 ft = 863 1b

Determine pole size (see Table XXVI):
Based on a maximum Fp of 863 1b, a maximum tilt angle of 340, and a
pole height of 6 ft, the pole size required is:

Pole size: 3-1/2 #40 pipe.
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Determine sections to be used for framing members.
Top and bottom framing beams (see Table XXXII):
1.25 WL2/8

1.25 (46 1b/ft) (7.5 ft)2 x 0.001 k/1b x 12 in./ft x 1/8
4.86 k-in.

M

nonon

Use: L2x2x1/4
Side framing beam (see Table XXXIII):

M=1.25WLL'/4
1.25 (46 1b/ft) (7.5 ft) (4 ft) x 0.001 k/1b x 12 in./ft x 1/4

5.18 k-1in.

Use: L2x2x1/4
Center beam (see Table XXXIV):
1.25 WL2/?2

1.25 (46 1b/ft) (7.5 ft)2 x 0.001 k/1b x 12 in./ft x 1/2
19.40 k-in.

M

Use TS2.25x2.25x0.156 with 1/4 in. thick trunion plates.

Angle adjusting member (see Figure 49):
Use L1-1/2x1-1/2x1/8.

Determine connection requirements.

Details for connecting the top and bottom beams to the side framing
beams, the center beam to the side framing beams, center beam to top of
pole, and connection of the angle adjustment member to the frame and
pole are given in Figures 48 and 49.

Bonded connections shall be soldered.

Bolted connections shall consist of aluminum alloy 2024§T4 bolts and
6061-T6 nuts.

Bolt sizes shall be as follows:
Top/Bottom beam to side frame: Use 3/8 in. diam. bolts
Center beam trunion plate to side frame: Use 1/2 in. diam. bolts
Angle adjustment member to frame: Use 3/8 in. diam. bolts
Angle adjustment member to pole: Use 3/8 in. diam. bolts

Determine foundation and baseplate connection requirements (see
Figures 48, 50 and 51):

M=1,25 FR sin ¢ x HT
where

HT height of pole
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=
I u

1.25 x 863 1b x sin 340 x 6 ft x 0.001 k/1b x 12 in./ft = 43.4
43.4 k-1in,

(1) Foundation details (Table XXXV):

Use reinforced concrete pier with the following dimensions:

diameter,

2 ft; height above finished grade, 2 in.; and depth below finished

grade, 4 ft.

Use reinforcing bar arranged and tied as indicated in

Figure B at the top of Table XXXV.

(2) Foundation connection details (Table XXXIX):
Use four-bolt connection with 7.6 in. by 7.6 in. by 3/4 in. thick
aluminum alloy 6061-T6 baseplate soldered to the bottom of the aluminum

mounting pole.
anchor bolts and nuts.

Use 3/4 in. diam. by 7 in. long (N.C. thread) ASTM A307
Embed bolts 4 inches into concrete.

6.0 GLOSSARY

6.1 Symbols and Acronyms

AISC
AITC
ASTM
AWS
BBC

American Institute of Steel Construction

American Institute of Timber Construction

American Society for Testing and Materials

American Welding Society

Basic Building Code (also known as BOCA)

centimeter

cubic yard

resultant force developed at top of pole under design load
feet

hours

height of pole

current

inches

Jet Propulsion LLaboratory

kip (1000 1bf) or kilo (1000)

kilograms force

kilometer per hour

span length between support frames

height of one module (Figure 14)

nominal distance between beams (Figure 13 or Table IV)
maximum unbraced length of compression member
pounds force

maximum moment developed in middle beam under loads
maximum moment capacity

maximum moment developed in top and bottom beams
miles per hour

Newton

National Aeronautics and Space Administration
National Building Code

National Electric Code

National Oceanic and Atmospheric Administration
combined loads

1bf/ft2

reaction load carrying capacity

reaction developed in top and bottom beams under design load
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Southern Standard Building Code
Temperature (OC)

Uniform Building Code

Voltage (volts)

uniform load applied to beams
uniform load applied to middle beam
peak power (watts)

uniform load applied to top and bottom beams
tilt angle (degrees up from horizontal) = ¢

and Figure 8C)
bolt size (diameter)

Conversions
Length

1 meter (m) = 100 centimeters (cm) = 1000 millimeters (mm) = 3.2808 ft

1 inch (in.) = 2.54 cm
1 foot (ft) = 0.3048 m

Area

1 ft2 = 0.0929 m2

1 m? = 10.764 ft2

Volume

1 ft3 = 0.0283 m3

1 m3 = 35,313 ft3

Force

1 Newton (N) = 0.2248 1bf = 0.102 kgf
1 kgf = 9.807 N

1 1bf = 4.448 N

1 kip (k) = 1000 1bf = 4448 N
Pressure

1 N/mé = 0.02089 1bf/ft2 (PSF)
1 kgf/m?_= 0.2048 1bf/ft2 = 9.80665 Némz
1 1bf/ft? = 4.8824 kgf/m2 = 47.88 N/m

Moment

1 N-m = 8.851 1bf-in. = 0.7376 1bf-ft
1 ft-1bf = 1.356 N-m -

Velocity

1 kilometer/hr (km/hr) = 0.621 miles/hr (MPH)
1 MPH = 1.609 km/hr
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7.0

(d)

REFERENCES

General References

Additional Design Sources

Structural Engineering Handbook (1979 Edition)
Gaylord and Gaylerd

McGraw-Hill Book Company

New York, New York

Wind Loading on Buildings (1975 Edition)
Angus J. MacDonald

Applied Science Publishers, Ltd.

London, England

Other Sources

Thermal Environmental Engineering (1970 Edition)
James L. Threlkeld

Prentice-Hall, Inc.

Englewood Cliffs, New Jersey

Selar Energy Thermal Process (1974 Edition)
John A. Duffie and William A. Beckman

A Wiley-Interscience Publication

John Wiley and Sons, Inc.

New York - London - Sydney - Toronto

Applicable Industry Codes and Standards

Codes: See 1ist in Section 4.2.

Material Standards

Manual of Steel Construction (8th Edition)

American Institute of Steel Construction, Inc.
101 Park Avenue
New York, NY 10017

Timber-Construction Manual (2nd Edition, 1974)

American Institute of Timber Construction
333 West Hampden Avenue
Englewood, Colorado 80110

CRSI Handbook (1980 Edition)

Concrete Reinforcing Steel Institute
180 North LaSalle Street
Chicago, I1linois 60601

Cold-Formed Steel Design Manual (1977 Edition)

American Iron and Steel Institute
1000 16th Street NW
Washington, D.C. 20036
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(h)

(1)

Handbook of Plastics and Elastomers (1975 Edition)
Charles A. Harper, Editor-in-Chief

McGraw-Hi11l Book Company

New York, New York

Manual of Cold Form Welded Structural Steel Tubing (1st Edition)

Welded Steel Tube Institute, Inc.
Structural Tube Division

522 Westgate Tower

Cleveland, Ohio 44116

Manual of Standard Practice for Detailing Reinforced

Concrete Structures (ACI-315-74, 1974 Edition)

Manual of Concrete Practice (1977 Edition)

American Concrete Institute
Box 19150, Redford Station
Detroit, Michigan 48219

Welding Aluminum (1972 Edition)
American Welding Society

2501 NW 7th Street

Pittsburgh, Pennsylvania

Aluminum Standards and Data (1979 Edition)
Specifications for Aluminum Structures (1976 Edition)
Engineering Data for ATuminum Structures (1975 Edition)
The Aluminum Association, Inc.

818 Connecticut Avenue NW

Washington, D.C. 20006

7.3 List of Manufacturers and Suppliers of Equipment Components and
Materials

7.3.1 Materials

A.

Mmoo w

Steel: American Institute of Steel Construction, Inc. (New York, New
York)

Wood: American Institute of Timber Construction (Englewood, Colorado)
Cold-Formed Steel: American Iron and Steel Institute (Washington, D.C.)
Aluminum: The Aluminum Association (Washington, D.C.).

Concrete: Concrete Reinforcing Steel Institute (Chicago, I1linois)

7.3.2 Mechanical Components

The following is a partial list of mechanical component manufacturers.

OTMMOOm X

Columbia Nut and Bolt Corp. (New York, New York)

Fasteners and Metal Products Corp. (Waltham, Massachusetts)
H-P Products (Louisville, Ohio)

Jarvis Steel & Lumber Co., Inc. (Baltimore, Maryland)

Kee Klamp (Buffalo, New York)

P.G. Structures, Inc. (New York, New York)

Unistrut (Baltimore, Maryland)
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7.3.3 Electrical Components

The following is a partial list of electrical component manufacturers.

A Air Born Connectors (Columbia, Maryland)

B Ampheno 1 (Bunker Ramo) (Broadview, I11inois)

C Brad Harrison (La Grange, I11inois)

D. Camolok (Cincinnati, Ohio)

E. General Connector Corporation (Newton, Massachusetts)
F ITT Cannon (Santa Ana, California)

G Winchester Electronics (Oakville, Connecticut)

7

.3.4 Modules

Amperex Electronic Corporation (Slatesville, Rhode Island)
ARCO Solar (Chatsworth, California)

Mobil Tyco Solar Energy (Waltham, Massachusetts)

Motorola Solar Systems (Phoenix, Arizona)

Optical Coating Laboratories, Inc. (OCLI) (City of Industry, California)
SES (Newark, Delaware)

Sensor Technology (Chatsworth, California.)

Silicon Material, Inc. (Mantain View, California)

Silicon Sensor, Inc. (Dodgeville, Wisconsin)

Solar Power Corp (North Billercia, Massachusetts)

Solarex (Rockville, Maryland)

Solenergy Corp. (Wakefield, Massachusetts)

Solec International (Los Angeles, California)

Sollos, Inc. (West Los Angeles, California)

Tideland Signal (Houston, Texas)

Texas Instruments (Dallas, Texas)

Vo2 RCGL—~ITOMMoOom D

7.4 Wind Load Design Criteria

The information in this section was reproduced from the American
Institute of Timber Construction Timber Construction Manual, Second
Edition, copyrighted 1974, published by John Wiley and Sons, Inc., New
York, New York.

Reproduced with permission of:
John Wiley and Sons, Inc.
605 3rd Avenue
New York, New York 10016
and
American Institute of Timber Construction

333 West Hampden Avenue
Englewood, Colorado 80110
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WIND LOADS
General

Designing structures to resist wind loading is, like the analysis for snow
loading, a very complex engineering problem. Considerable research has
been conducted to evaluate wind effects on various structures that has
resulted in the establishment of design pressure coefficients that account
for building shape and wind direction. In addition, extensive studies of
basic wind velocities related to geographical location have resulted in the
development of detailed wind velocity maps for the United States. Other
studies of surface resistance relative to the degree of land development and
gust characteristics at a given location have provided a method for a further
refinement of the basic wind velocity and its effect on structures. However,
much work remains to be done to relate further the dynamic behavior of
structures to wind forces that are attributable to gusting and turbulence.

The wind load analysis information presented here is intended to pro-
vide the engineer with a design procedure that accounts for the basic
parameters affecting wind loading of structures. The material has been
compiled from a variety of sources, including the American National
Standard Building Code Requirements for Minimum Design Loads in Buildings
and Other Structures, American National Standards Institute; Wind Forces
on Structures, Paper No. 3269, Final Report of the Task Committee on
Wind Forces of the Committee on Loads and Stresses of the Structural
Division, ASCE; New Distributions of Extreme Winds in the United States by
H. C. S. Thom, Vol. 94, ST 7, July 1968, Journal of the Structural Division,
ASCE; Strength of Houses, Building Materials and Structures Report 109,
National Bureau of Standards, U.S. Department of Commerce; and Struc-
tural Information for Building Design in Canada, 1965, Supplement No. 3 to
the National Building Code of Canada.

Basic Wind Velocities

Figures 3.2 and 3.3 represent wind probability maps for 50- and 100-year
mean recurrence intervals, respectively. These figures provide basic wind
velocities for observed air flows in open, level country at a height of 30 ft
above the ground. For the design of most permanent structures, a basic
wind speed with a 50-year mean recurrence interval should be applied.
However, if in the judgment of the engineer or authority having jurisdic-
tion, the structure presents an unusually high degree of hazard to life and
property in case of failure, a 100-year mean recurrence interval wind
velocity should be used for design. Similarly, for temporary structures or
structures having negligible risk of human life in case of failure, a design
wind velocity based on a 25-year mean recurrence interval may be used.
Additional wind velocity maps for various mean recurrence intervals are
given in New Distribution of Extreme Winds in the United States, by H. C. S.
Thom, Vol. 94, ST 7, July 1968, Journal of the Structural Division, ASCE.
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Since the wind velocities given in Figures 3.2 and 3.3 are for a height of
30 ft, it is necessary to modify this value for other design heights. An ac-
cepted procedure is to apply an exponential formula of the form

, , h 1x
lh=lao(%>

where ¥, = wind velocity at any height
V3, = wind velocity at a height of 30 ft
h = height

x = exponent depending upon general site exposure conditions
such as follows:

For level or slightly rolling terrain with minimal obstructions such as
airports, x may be taken as 7; for rolling terrain with numerous obstruc-

tions such as suburban areas, a value of 5 may be assumed; and for urban
areas, a value of 3 is recommended.
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Figure3.2. 1SOTACH 0.02 QUANTILES, IN MPH: ANNUAL EXTREME-MILE 30 FT ABOVE GROUND, 50-YR MEAN
RECURRENCE INTERVAL. Source: New Distribution of Extreme Winds in the Unated States, by H. C. 8. Thom.-Paper No. 6048,
Vol G ST, July 1968 Journal of the Structural Division, ASCE.
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Figure 3.3. ISOTACH 0.01 QUANTILES, IN MPH: ANNUAL EXTREME-MILE 30 FT ABOVE GROUND, 100-YR
MEAN RECURRENCE INTERVAL. Source: New Distribution of Extreme Winds in the United States, by H. C. S. Thom, Paper
No. 6038, Vol. ¥4, ST7, July 1968, fournal of the Structural Division, ASCE.

Thus for open, relatively level areas similar to those from which the data
given in Figures 3.2 and 3.3 are derived, the following equation is applicable:

RA\?
Vi="Vs3 (3_0)

This is commonly referred to as the }th power law for determining wind
velocities.

Based on the use of this relationship, Table 3.6 gives wind velocities for
various height zones based on multiplying the basic wind velocity obtained
from Figure 3.2 or 3.3 by an average correction factor for that height zone.
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TABLE 3.6
WIND VELOCITIES CORRESPONDING TO VARIOUS HEIGHTS

. . . Basic Wind Velocities, mph
Height, Approximate { Correction
h, ft Height Zone Factor? 60|70 80 | 90100 |110
30 20to 40 ft 1.00 60{70{ 80} 90100 [110
60 41to 80 ft 1.10 6677 88| 99| 110 |121
110 81 to 140 ft 1.20 72184 96 |108 | 120 |132
190 141 to 240 ft 1.30 78 {91104 | 117 | 130 | 143
320 24110 400 ft 1.40 84198 ] 112|126 | 140 {154

2Based on the relationship ¥y = ¥30(h/30)"7.

250

200 - 7
150
g
[V
e K="
£
& 100 Vi

50 //
. /

0.80 0.90 1.00 1.10 1.20 1.30 1.40
Height correction factor

_Figure 3.4. HEIGHT CORRECTION FACTOR BASED ON 1/7th
POWER LAW,

188



Similarly, Figure 3.4 can be used to determine a height correction factor
based on the }th power law for any specific height to be analyzed in design.

In addition to adjusting the basic wind velocities for height and site ex-
posture conditions, it is also possible to apply a gust response factor in the
determination of design velocity pressures. The concept of determining
gust response factors is very complex and the engineer is referred to the
following ASCE papers for a detailed analysis of gust loading of structures:
Gust Loading Factors by Davenport, Vol. 93, ST 3, June 1967, Journal of the
Structural Division, and Gust Response Factors by Vellozzi and Cohen, Vol, 94,
ST 6, June 1968, Journal of the Structural Division.

As a general guide, the gust response factor is primarily a function of the
size and height of the structure and the surface roughness and obstruc-
tions existing in the surrounding area. For small-to-medium size structures
located in open, relatively level terrain and ranging in height up to approxi-
mately 100 ft, a gust responsc factor of 1.3 is commonly assumed. Similarly,
for taller buildings of approximately 400 ft in height, a gust response factor
of 1.1 can be used for design purposes.

It is recommended that the designer use a dynamic analysis accounting
for wind turbulence and the size and natural frequency of the structure to
determine gusting effects on structures greater than 400 ft in height. There-
fore, a design wind velocity is determined by modifying the basic wind
velocity obtained from either Figure 3.2 or 3.3 for height, site exposure,
and the gust effect. For additional information related to the effect of site
exposure on wind velocity, the engineer is referred to the American National
Standard Building Code Requirements for Minimum Design Loads in Buildings
and Other Structures, ANSI A 58,1-1972.

Velocity Pressures

For standard air (0.07651 pcf, corresponding to 15°C at 760 mm of mer-
cury) and velocity of wind, ¥, expressed in miles per hour, the velocity
(dynamic) pressure, ¢, in psf, is given by

g = 0.002561"2

Thus the dynamic pressure for any given combination of geographic loca-
tion, height of structure, and basic wind velocity can be determined by
using the design wind velocity in the above equation. Table 3.7 gives vel-
ocity pressure values for various heights and basic wind velocities for a site
located in open, level terrain. The gust response factor has not been incor-
porated in this table but can easily be accounted for in a separate calculation
by multiplying the tabulated values by the applicable gust response factor.

Therefore, for general design purposes, the effective velocity pressure
for any height, h, may be determined from the relationship

gn = (0.00256) (V30)*(h/30)**(GF)

where V3, = basic wind velocity obtained from Figure 3.2 or 3.3
h = height of building
= exponent depending upon general site exposure conditions
Gr = gust response factor
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TABLE 3.7

VELOCITY PRESSURES,?¢q, CORRESPONDING TO BASIC
WIND VELOCITIES, V

Basic Wind Velocity, mph¢

Height," ft | 60 70 80 90 100 | 110
30 9.2 12,5 16.4 20.7 25.6 31.0

60 11.2 15.2 | 20.0 | 25.2 | 31.2 | 37.8

110 13.3 18.1 23.8 30.0 37.1 44.9
100 156 | 21.2 | 27.8 | 35.1 | 43.4 | 525
320 18.1 24.6 323 40.8 50.4 61.1
510 20.7 | 28.1 36.9 | 46.6 | 57.6 | 69.7

aVelocity pressure based on gy = 0.00256} 3"
*Height correction based on g, = ¢s0(#/30)27.
‘From Figure 3.2 or 3.3.

Example. Calculate the effective velocity pressure acting on a permanent
structure to be located in relatively open, level terrain near Cheyenne,
Wyoming. Assume the design height to be 100 ft and that a 50-year mean
recurrence interval wind velocity is applicable.

From Fig. 3.2, a basic wind velocity of 80 mph for a height of 30 ft is
applicable for Cheyenne, Wyoming.

Since the height of the structure is 100 ft, and the structure is to be
located in relatively open, level terrain, a gust response factor of 1.3 is
applied.

Also for this type of site exposure it is recommended that an exponential
value of x be taken as 7. The effective velocity pressure for this condition is:

217
qmo=0.00255(80)2(1—(3’—8) (1.3)

Groo = 30.0 psf
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7.5 Wind Load Data

The information in this section was reproduced from the U.S. Army and

Air Force Manual TM5-809-1/AFM 88-3 with permission of the U.S. Army Corps
of Engineers.

Note: When available, the American National Standards Institute's
(ANSI's) Building Code Requirements for Minimum Design Loads in Buildings
and Other Structures (A58-1) should be used instead of the "Peak Velocity"
data given in these tables.

TABLE IT. WIND, SNOW, AND FROST DATA

Peak Velocity Roof Snow or Max. Frost
(Gust included) Live Load Penetration.
Location MPH PSF Inches
CONTIGUOUS UNITED STATES:
ATABAMA
Brookley AFB 120 20 6
Maxwell AFB 90 20 9
Mobile 120 20 6
Montgomery 90 20 6
ARTZONA
Davis Monthan AFB 80 20 5
Inke AFB 90 20 7
Williams AFB 80 20 7
Phoenix 80 20 7
ARKANSAS
Little Rock AFB 90 15 12
CALIFORNIA
Castle AFB 80 20 5
Hamilton AFB 85 20 5
March AFB 80 20 5
Mather AFB 100 20 5
Travis AFB 80 20 5
Vandenberg AFB 80 20 5
San Diego 80 20 0
Pasadena 80 20 0
Long Beach 80 20 0
San Francisco 85 20 5
Oakland 85 20 5
Mare Island 85 20 5
Sacramento 105 20 5
Stockton 90 20 5
COLORADO
Lowry AFB 80 20 60
Denver 80 20 60
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Table TT (Continued).

Peak Velocity Roof Snow or Max. Frost
(Gust included) Live Load Penetration
Location MPH PSF Inches
CONNECTICUT
New London 80 20 35
New Haven 80 20 35
DELAWARE
Dover AFB 95 20 20
FLORIDA
Eglin AFB 125 20 5
Homestead AFB 125 20 0
MacDill AFB 90 20 2
Patrick AFB 125 20 2
Jacksonville 105 20 2
Miami 125 20 0
Key West 125 20 0
Pensacola 125 20 2
Tampa 90 20 2
GEORGIA
Hunter AFB 105 20 5
Robins AFB 80 20 5
Turner AFB 85 20 5
Augusta 85 20 5
Atlanta 85 20 7
Savannah 105 20 3
Macon 85 20 5
IDAHO
Mountain Home AFB 85 20 Lo
JLLINOIS
CThanute AFB 95 20 35
Scott AFB 80 20 35
Chicago 85 20 Lo
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Table IT (Continued).

Peak Velocity

Roof Snow or

Max. Frost

(Gust included) Live Load Penetration
Location MPH PSF Inches
INDIANA
Fort Wayne 90 20 Lo
Indianapolis 105 20 30
IOWA
T Sloux City 100 20 Sk
KANSAS
Forbes AFB 110 20 30
Schilling AFB 100 20 2L
KENTUCKY
Lexington 90 20 18
Iouisville 90 20 18
TOUISTANA
Barksdale AFB 80 20 5
Chennault AFB 120 20 I
New Orleans 120 20 2
MATNE
" Dow AFB 100 Lo 75
Loring AFB 90 Lo 75
Portland 100 Lo 65
Bangor 100 Lo 72
MARYTAND
~ Andrews AFB 90 20 25
Baltimore 90 20 22
MASSACHUSETTS
L. G. Hanscom Field 110 25 50
Otis AFB 120 20 50
Westover AFB 85 30 70
Boston 110 25 50
Springfield 85 30 70
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Table 1T (Continued).

Peak Velocity Roof Snow or Max, Frost
(Gust included) Live Load Penetration

Location MPH PSF Inches
MICHIGAN

Kinchelow AFB 95 Lo 65

Selfridge AFB 80 20 50

Detroit 80 20 50
MINNESOTA

Minn-5t.Paul IAP 90 35 75

Minneapolis 90 35 75

Duluth 100 Lo 75
MISSISSIPPI

Jackson 105 20 3
MISSOURI

Kansas City 100 20 28

St. Louis 80 20 27
MONTANA

Malmstrom AFB 85 25 75
NEBRASKA
T Offutt AFB 95 25 55

Omaha 95 25 55
NEVADA

Nellis AFB 90 20 8

Stead AFB 90 25 23

Fallon 90 25 12

Hawthorne 90 25 30

Reno 95 25 23
NEW HAMPSHIRE

Pease AFB 105 30 60

Portsmouth 105 30 60
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Table IT (Continued).

Peak Velocity Roof Snow or Max. Frost
(Gust included) Iive Load Penetration
Location MPH PSF Inches
NEW JERSEY
McGuire AFB 85 20 30
Atlantic City 100 20 20
Bayonne 85 20 30
NEW MEXICO
T Cannon AFB 80 20 15
Holloman AFB 80 20 20
Walker AFB 85 20 15
Albuquerque 100 20 17
NEW YORK
Griffis AFB 80 Lo 50
Plattsburg AFB 90 35 70
Stewart AFB 90 25 us
Buffalo 90 30 35
Albany 80 30 5k
New York 85 20 110
Syracuse 80 L0 56
NCRTH CAROLINA
Pope AFB 80 20 9
Charlotte 90 20 8
Wilmington 130 20 5
NCRTH DAKOTA
Grand Forks AFB 100 25 85
Minot AFB 100 20 80
OHIO
Wright-Patterson AFB 90 20 Lo
Columbus 90 20 L0
Cincinnati 90 20 20
OKLAHOMA
T Tinker AFB 90 20 20
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Table IT (Continued).

Peak Velocity Roof Snow or -Max. Frost
(Gust included) Live Load Penetration
Location MPH PSF Inches
OREGON
~ Portland Int. Apt. 115 20 6
Portland 115 20 6
PENNSYLVANTA
Olmsted AFB 80 20 35
Harrisburg 85 20 30
Pittsburg 85 20 38
Philadelphia 80 20 30
RHODE ISLAND
Providence 115 20 L5
SOUTH CAROLINA.
Shaw AFB 80 20 6
Charleston 120 20 3
SOUTH DAKOTA
Ellsworth AFB 105 20 55
TENNESSEE
Sewart AFB 95 20 10
Memphis 90 20 10
TEXAS
Amarillo AFB 120 20 20
Bergstrom AFB 85 20 L
Biggs AFB 90 20 6
Carswell AFB 85 20 12
Dyess AFB 100 20 10
Ellington AFB 90 20 3
Kelly AFB 90 20 L
Reese AFB 85 20 15
Sheppard AFB 85 20 15
Corpus Christi 100 20 2
El Paso 90 20 6
Fort Worth 80 20 10
Galveston 100 20 3
liouston 90 20 3
San Antonio 80 20 L
Amarillo 120 20 20
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Table II (Contirmued).

Peak Velocity Roof Snow or Max. Frost
(Gust included) Live Load Penetration

Location MPH PSF Inches
UTAH

Hill AFB 95 30 35

Salt Lake City 90 25 35
VERMONT

Burlington 90 35 72
VIRGINTIA

Langley AFB 110 20 6

Newport News 105 20 10

Norfolk 105 20 10

Richmond 90 20 1L
WASHINGTON
T Fairchild AFB 90 25 65

Larson AFB 80 25 35

McChord AFB 85 20 10

Bremerton 85 20 9

Seattle 85 20 8

Spokane 90 20 30

Pasco , 80 30 25

Tacoma 85 20 8
WEST VIRGINIA

Charleston 80 20 30
WISCONSIN

Truax Field 115 25 50

Milwaukee 110 25 5k

Green Bay 100 25 sL
WYOMING

Francis E. Warren AFB 100 20 70
WASHINGTON, DC 90 20 20
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Table IT (Contimued).

Peak Velocity Roof Snow or Max. Frost
(Gust included) Live Load Penetration
Location MPH PSF Inches
AFRICA:
Libya
Wheelus AB 85 20 0
Morocco
Casablanca 85 20 0
Port Lyautey NAS 85 20 0
ASIA:
India
Bombay 85 20 0
Calcutta 105 20 0
Madras 85 20 0
New Delhi 85 20 0
Japan
Ttazuke AB 90 20 6
Johnson AB 105 20 6
Misawa AB 95 20 18
Tachikawa AB 100 20 6
Tokyo 100 20 6
Wakkanai 115 Lo 36
Korea
~Kimpo AB 80 20 30
Seoul 80 20 30
Uijongbu 80 20 36
Pakistan
Peshawar 80 20 6
Saudia Arabia
Bahrain Island 80 20 0
Dhahran AB 80 20 0
Taiwan
Tainan 120 20 0
Taipei 130 20 0]
Thailand
Bangkok 80 20 0
Turkey
Ankara 90 20 2l
Karamrsel 105 20 12
Viet Nam
Saigon 95 20 0
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Table II (Continued).

Peak Velocity Roof Snow or Max., Frost
(Gust included) Live Load Penetration
Location MPH PSF Inches
ATIANTIC OCEAN AREA:
Ascension Island 80 20 0
Azores
Lajes Field 115 20 0
Bermuda )
Bermuda NAS 110 20 0
Kindley AFB 125 20 0
CARIBBEAN SEA:
Bahama Islands
Eleuthera Island 140 20 0
Grand Bahama Island 1L0 20 0
Great Exuma Island 140 20 0
Cuba
Guantanamo NAS 80 20 0
Ieeward Islands
Antigua Island 140 20 0
Puerto Rico
Raney AFB 95 20 0
San Juan 115 20 0
Viequest Island 1Lo 20 0
Trinidad Island
Port of Spain 80 20 0
Trinidad NS 80 20 0
CENTRAL AMERICA:
Canal Zone
~ Albrook AFB 80 20 0
Balboa 80 20 0
Coco Solo 80 20 0
Colon 80 20 0
Cristobal 80 20 0
France AFB 80 20 0
EUROPE:
England
Birmingham 85 20 12
London g0 20 12
Mildenhall AB 95 20 12
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Table II (Continued)

Peak Velocity Roof Snow or Max. Frost
(Gust included) Live Load Penetration
Location MPH PSF Inches
EUROPE:
England
Plymouth 85 20 12
Sculthorpe AB 90 20 12
Southport 95 20 12
South Shields 90 20 12
Spurn Head 90 20 12
France
Nancy 80 20 18
Paris/Ie Bourget 95 20 18
Rennes 100 20 18
Vichy 115 25 2l
Germany
Bremen 80 25 30
Munich-Riem 90 Lo 36
Rhein-Main AB 80 25 30
Stuttgart AB 85 Lo 36
Greece
ens 85 20 0
Ttaly
Aviano AB 80 20 18
Brindisi 100 20 6
Scotland
~ Aberdeen 85 20 12
Edinburgh 90 20 12
Edzell 85 20 12
Glasgow/Renfrew
Airfield 95 20 12
Lerwick, Shetland
Islands 105 20 18
Londonderry 125 20 12
Prestwick 95 20 12
Stornoway 110 20 12
Thurso 100 20 12
Spain
Madrid 80 20 6
Rota 85 20 0
San Pablo 110 20 6
Zaragoza 110 20 6
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Table II (Continued).

Peak Velocity Roof Snow or Max. Frost

201

(Gust included) Live Load Penetration
Location MPH PSF Inches
NORTH AMERICA:
Alaska
Adak, Aleutian Is. 125 20 2l
Anchorage 95 35 60
Annette 95 20 2L
Attu 180 35 2L
Barrow 100 20 Permafrost
Bethel 95 35 60
Cold Bay 110 20 36
Cordova 95 Lo L8
Eielson AFB 80 35 60
Elmendorf AFB 95 35 60
Fairbanks 80 35 60
Gambell 130 25 L8
Juneau 90 Lo 36
King Salmon 115 20 60
Kodiak 115 20 48
Kotzebue 120 20 Permafrost
McGrath 85 Lo 84
Middleton Island AFS 125 Lo L8
Nikolaski, Umnak Is. 130 25 36
Nome 120 Lo Permafrost
Northeast Cape AFS,
St. Lawrence Is. 135 25 L8
Shemya Island 180 35 2l
St. Paul Island 105 25 36
Umiat 110 30 Permafrost
Wales 105 LO Permafrost
Yakutat 100 Lo 36
Canada
~ Argentia NAS, Nfld. 105 Lo 36
Churchill, Manitoba 100 Lo Permafrost
Cold Lake, Alberta 80 Lo 72
Edmonton, Alberta 80 30 60
E. Harmon AFB, NFld. 105 Lo 60
Fort William, Ontario 80 Lo 60
Frobisher, N.W.T. 100 Lo Permafrost
Goose Airport, Nfld. 85 Lo 60
Ottawa, Ontario 85 Lo 48
St. John's, Nfld. 105 10 36
Toronto, Ontario 85 Lo 36
Winnipeg, Manitoba 80 Lo 60



Table 1T (Continued).

Peak Velocity Roof Snow or Max. Frost
(Gust included) Live Load Penetration
Location MPH PSF Inches
NORTH AMERICA:
Greenland
Narsarssuak AB 130 30 60
Simiutak AB 155 25 60
Sondrestrom AB 110 20 Permafrost
Thule AB 130 25 Permafrost
Iceland
Keflavik 115 30 2k
Thorshofn 135 30 36
PACIFIC OCEAN AREA:
Caroline Islands
Koror, Palau Ilslands 95 20 0
Ponape 110 20 0
Hawaiil
Barber!s Point 80 20 0
Hickam AFB 80 20 0
Kaneohe Bay 85 20 0
Wheeler AFB 80 20 0
Johnston Island 80 20 0
Mariana Islands
Agana, Guam 155 20 0
Andersen AFB, Guam 155 20 0
Saipan 150 20 0
Tinian 150 20 0
Marshall Islands
Kwajaleln 105 20 0
Eniwetok 105 20 0
Marcus Island 150 20 0
Midway Island 85 20 0
Okinawa
Kadena AB 185 20 0
Naha AB 180 20 0
Phillppine Islands
Clark AFB 85 20 0
Sangley Point 80 20 0
Subic Bay 80 20 0
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Table IT (Continued).

Peak Velocity

Roof Snow or

Max. Frost

(Gust included) Iive Load Penetration
Location MPH PSF Inches
PACIFIC OCEAN AREA:
Samoa Islands
Apia, Upolu Island 145 20 0
Tutuila, Tutuila Island 145 20 0
Volcano Islands
Two Jima AB 205 20 0
Wake Island 85 20 0
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7.6 Seismic Load Design

The information in this section was reproduced from the 1976 Edition of
the Uniform Building Code, copyright 1976, with permission of the publisher,
the Tnternational Conference of Building Officials.

for these individual members).

(h) Miscellaneous Structures. Greenhouses, lath houses and agricultural
buildings shall be designed for the horizontal wind pressures as set forth in
Table No. 23-F, except that, if the height zone is 20 feet or less, two-thirds
of the first line of listed values may be used. The structures shall be de-
signed to withstand an uplift wind pressure equal to three-fourths of the
horizontal pressure.

(i) Moment of Stability. The overturning moment calculated from the
wind pressure shall in no case exceed two-thirds of the dead load resisting
moment.

The weight of earth superimposed over footings may be used to
calculate the dead load resisting moment.

(j) Combined Wind and Live Loads. For the purpose of determining
stresses all vertical design loads except the roof live load and crane loads
shall be considered as acting simultaneously with the wind pressure.

EXCEPTION: Where snow loading is required in the design of roofs, at
least 50 percent of such snow load shall be considered acting in combination
with the wind load. The Building Official may require that a greater percen-
tage of snow load be considered due to local conditions.

Earthquake Regulations

Sec. 2312. (a) General. Every building or structure and every portion
thereof shall be designed and constructed to resist stresses produced by
lateral forces as provided in this Section. Stresses shall be calculated as the
effect of a force applied horizontally at each floor or roof level above the
. base. The force shall be assumed to come from any horizontal direction.
¥ Structural concepts other than set forth in this Section may be approved
© by the Building Official when evidence is submitted showing that
% equivalent ductility and energy absorption are provided.
©  Where prescribed wind loads produce higher stresses, such loads shall be
¢ used in lieu of the loads resulting from earthquake forces.

(b) Definitions. The following definitions apply only to the provisions

© of this Section:

©  BASE is the level at which the earthquake motions are considered to be

imparted to the structure or the level at which the structure as a dynamic
vibrator is supported.

:  BOX SYSTEM is a structural system without a complete vertical load-
carrying space frame. In this system the required lateral forces are

% resisted by shear walls or braced frames as hereinafter defined.

BRACED FRAME is a truss system or its equivalent which is provided
to resist lateral forces in the frame system and in which the members are
subjected primarily to axial stresses.

DUCTILE MOMENT RESISTING SPACE FRAME is a moment
resisting space frame complying with the requirements for a ductile mo-
ment resisting space frame as given in Section 2312 (j).

ESSENTIAL FACILITIES—See Section 2312 (k).

LATERAL FORCE RESISTING SYSTEM is that part of the structural
system assigned to resist the lateral forces prescribed in Section 2312 (d) 1.

MOMENT RESISTING SPACE FRAME is a vertical load carrying
space frame in which the members and joints are capable of resisting
forces primarily by flexure.

SHEAR WALL is a wall designed to resist lateral forces parallel to the
wall.
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SPACE FRAME is a three-dimensional structural system without bear- #
ing walls, composed of interconnected members laterally supported so as

to function

horizontal diaphragms or floor bracing systems.

as a complete self-contained unit with or without the aid of

VERTICAL LOAD-CARRYING SPACE FRAME is a space frame
designed to carry all vertical loads. #

(c) Symbols and Notations. The following symbols and notations apply

only to the provisions of this Section:

C =

C, =

D

6i 6,,

FF,F,

£y

i

F,

il

g
hhh,
I

K =
Level i
)
i

Leveln

Levelx

Fxd NuwzZx
I

Numerical coefficient as specified in Section 2312 (d) 1.
Numerical coefficient as specified in Section 2312 (g) and as
set forth in Table No. 23-J.

The dimension of the structure, in feet, in a direction parallel °
to the applied forces. ;
Deflections at levels i and n respectively, relative to the base, dueto
applied lateral forces or as determined in Section 2312 (h). :
Lateral force applied to level i, n, or x, respectively.
Lateral forces on a part of the structure and in the direction
under consideration.
That portion of ¥ considered concentrated at the top of the #
structure in addition to F,. .
Acceleration due to gravity.

Height in feet above the base to level i, n, or x respectively. :
Occupancy Importance Factor as specified in Table No. 23-K. #

Numerical coefficient as set forth in Table No. 23-1.

Level of the structure referred to by the subscript i.
1 designates the first level above the base.

That level which is uppermost in the main portion of the
structure.

That level which is under design consideration.

1 designates the first level above the base.

The total number of stories above the base to level n.
Numerical coefficient for site-structure resonance. ;
Fundamental elastic period of vibration of the building or i
structure in seconds in the direction under consideration. 2
Characteristic site period.

The total lateral force or shear at the base.

The total dead load as defined in Section 2302 including the
partition loading specified in Section 2304 (d) where ap-
plicable.

EXCEPTION: ‘W shall be equal to the total dead load plus 25 percent
of the floor live load in storage and warehouse occupancies. Where the design
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snow load is 30 psf or less, no part need be included in the value of “W.”

Where the snow load is greater than 30 psf, the snow load shall be included;

however, where the snow load duration warrants, the Building Official may

allow the snow load to be reduced up to 75 percent.
wW, = That portion of W which is located at or is assigned to level {
or x respectively.
W, = The weight of a portion of a structure.

Z = Numerical coefficient dependent upon the zone as determined
by Figures No. 1, No. 2 and No. 3 in this Chapter. For loca-
tions in Zone No. 1, Z = ¥s. For locations in Zone No. 2,
Z = %. For locations in Zone No. 3, Z = %. For locations
inZoneNo.4,Z = 1.

(d) Minimum Earthquake Forces for Structures. Except as provided in
Section 2312 (g) and (i), every structure shall be designed and constructed
to resist minimum total lateral seismic forces assumed to act non-
* concurrently in the direction of each of the main axes of the structure in
. accordance with the following formula:

V=ZIKCSW................... (12-1)

©: The value of K shall be not less than that set forth in Table No. 23-1. The
¢ value of C and S are as indicated hereafter except that the product of CS
¢ need not exceed 0.14. ’

The value of C shall be determined in accordance with the following for-
¢ mula: ]

C= =
15VT

.................. (12-2)

The value of C need not exceed 0.12.

The period T shall be established using the structural properties and
deformational characteristics of the resisting elements in a properly
. substantiated analysis such as the following formula:

n n—1
T= ;W\KE w,»é',*’) + g[ S Fiéi+ (F + F,,)(s,,} . (12:3)
i=1 i=1

¢ where the values of F;, F,, 5, and §, shall be determined from the base
. shear V, distributed approximately in accordance with the principles of
< Formulas (12-5), (12-6) and (12-7) or any arbitrary base shear with a ra-

# tional distribution. -

In the absence of a determination as indicated above, the value of T for
buildings may be determined by the following formula:

T = 9.05h, (12-3A)
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Or in buildings in which the lateral force resisting system consists of
ductile moment-resisting space frames capable of resisting 100 percent of
the required lateral forces and such system is not enclosed by or adjoined
by more rigid elements tending to prevent the frame from resisting lateral

forces:
T=010N.....c..ovivo. ... (12-3B)
The value of S shall be determined by the following formulas, but shall

be not less than 1.0:

2
For T/T,= 1.0 orless S=1.0+ % —~05 [%]

For TIT, greater than 1.0 S =1.2+ 0.6 % -03 [%]

....................... (12-4A) ©

*

WHERE:

T in Formulas (12-4) and (12-4A) shall be established by a properly
substantiated analysis but T shall be not less than 0.3 second.

The range of values of T, may be established from properly substan-
tiated geotechnical data, in accordance with U.B.C. Standard No. 23-1,
except that T shall not be taken as less than 0.5 second nor more than 2.5
seconds. T, shall be that value within the range of site periods, as determin-
ed above, that is nearest to 7.

When Tis not properly established, the value of S shall be 1.5.
EXCEPTION: Where T has been established by a properly substantiated
analysis and exceeds 2.5 seconds, the value of S may be determined by assum-
ing a value of 2.5 seconds for T.

() Distribution of Lateral Forces. 1. Structures having regular shapes
or framing systems. The total lateral force V shall be distributed over the
height of the structure in accordance with Formulas (12-5), (12-6) and (12-
7). "

V=F,+EF; ................ (12-5)

i=1

The concentrated force at the top shall be determined according to the
following formula:

F, need not exceed 0.25V and may be considered as 0 where T is 0.7 sec-
ond or less. The remaining portion of the total base shear V shall be
distributed over the height of the structure including level n according to
the following formula:
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At each level designated as x, the force F, shall be applied over the area
of the building in accordance with the mass distribution on that level.

2. Setbacks. Buildings having setbacks wherein the plan dimension of
. the tower in each direction is at least 75 percent of the corresponding plan
dimension of the lower part may be considered as uniform buildings
. without setbacks providing other irregularities as defined in this Section
do not exist.

- 3. Structures having irregular shapes or framing systems. The distribu-
- tion of the lateral forces in structures which have highly irregular shapes,
large differences in lateral resistance or stiffness between adjacent stories
© or other unusual structural features shall be determined considering the
- dynamic characteristics of the structure.

4. Distribution of horizontal shear. Total shear in any horizontal plane

shall be distributed to the various elements of the lateral force resisting
. system in proportion to their rigidities considering the rigidity of the
: horizontal bracing system or diaphragm.
Rigid elements that are assumed not to be part of the lateral force
. resisting system may be incorporated into buildings provided that their ef-
fect on the action of the system is considered and provided for in the
. design.

5. Horizontal torsional moments. Provisions shall be made for the in-
crease in shear resulting from the horizontal torsion due to an eccentricity
between the center of mass and the center of rigidity. Negative torsional
shears shall be neglected. Where the vertical resisting elements depend on
diaphragm action for shear distribution at any level, the shear-resisting
elements shall be capable of resisting a torsional moment assumed to be
# equivalent to the story shear acting with an eccentricity of not less than §
¢ percent of the maximum building dimension at that level.

(f) Overturning. Every building or structure shall be designed to resist
. the overturning effects caused by the wind forces and related requirements
¢ specified in Section 2311, or the earthquake forces specified in this Sec-
: tion, whichever governs.

¢ Atany level the incremental changes of the design overturning moment,
i in the story under consideration, shall be distributed to the various
resisting elements in the same proportion as the distribution of the shears
in the resisting system. Where other vertical members are provided which
. are capable of partially resisting the overturning moments, a redistribution
- may be made to these members if framing members of sufficient strength
. and stiffness to transmit the required loads are provided.

Where a vertical resisting element is discontinuous, the overturning
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moment carried by the lowest story of that element shall be carried down &
as loads to the foundation. ]

(g) Lateral Force on Elements of Structures. Parts or portions of struc-
tures and their anchorage shall be designed for lateral forces in ac-
cordance with the foilowing formula:

E,=ZIC,SW, ............... (12-8)

EXCEPTION: Where C, in Table No. 23-J is 1.0 or more the value of / :

and S need not exceed 1.0. :

The distribution of these forces shall be according to the gravity loads
pertaining thereto.

(h) Drift and Building Separations. Lateral deflections or drift of a
story relative to its adjacent stories shall not exceed 0.005 times the story
height unless it can be demonstrated that greater drift can be tolerated.
The displacement calculated from the application of the required lateral
forces shall be multiplied by (1.0/K) to obtain the drift. The ratio (1.0/K)
shall be not less than 1.0.

All portions of structures shall be designed and constructed to act as an
integral unit in resisting horizontal forces unless separated structurally by
a distance sufficient to avoid contact under deflection from seismic action
or wind forces.

(i) Alternate Determination and Distribution of Seismic Forces.
Nothing in Section 2312 shall be deemed to prohibit the submission of
properly substantiated technical data for establishing the lateral forces and
distribution by dynamic analyses, in such analyses the dynamic &
characteristics of the structure must be considered.

() Structural Systems. 1. Ductility requirements. A. All buildings
designed with a horizontal force factor K = 0.67 or 0.80 shall have ductile
moment resisting space frames.

B. Buildings more than 160 feet in height shall have ductile moment
resisting space frames capable of resisting not less than 25 percent of the
required seismic forces for the structure as a whole.

EXCEPTION: Buildings more than 160 feet in height in Seismic Zone No.
I may have concrete shear walls designed in conformance with Section 2627
of this Code in lieu of a ductile moment resisting space frame, provided a K
value of 1.00 or 1.33 is utilized in the design.

C. In Seismic Zones No. 2, No. 3 and No. 4 all concrete space frames re-
quired by design to be part of the lateral force resisting system and all
concrete frames located in the perimeter line of vertical support shall be
ductile moment resisting space frames.

EXCEPTION: Frames in the perimeter line of the vertical support of

buildings designed with shear walls taking 100 percent of the design lateral
forces need only conform with Section 2312 (j) 1D.

D. In Seismic Zones No. 2, No. 3 and No. 4 all framing elements not re-

quired by design to be part of the lateral force resisting system shall be in-
vestigated and shown to be adequate for vertical load-carrying capacity
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% and induced moment due to 3/K times the distortions resulting from the

Code required lateral forces. The rigidity of other elements shall be con-
% sidered in accordance with Section 2312 (e) 4.

% E. Moment resisting space frames and ductile moment resisting space
. frames may be enclosed by or adjoined by more rigid elements which
¢ would tend to prevent the space frame from resisting lateral forces where it
¢ can be shown that the action or failure of the more rigid elements will not
»: impair the vertical and lateral load resisting ability of the space frame.

& F. The necessary ductility for a ductile moment resisting space frame
. shall be provided by a frame of structural steel with moment resisting con-
i nections (complying with Section 2722 for buildings in Seismic Zones
No. 2, No. 3 and No. 4 or Section 2723 for buildings in Seismic Zone
No. 1) or by a reinforced concrete frame (complying with Section 2626 for
buildings in Seismic Zones No. 2, No. 3 and No. 4 or Section 2625 for
buildings in Seismic Zone No. 1).

G. In Seismic Zones No. 2, No. 3 and No. 4 all members in braced
frames shall be designed for 1.25 times the force determined in accordance
with Section 2312 (d). Connections shall be designed to develop the full
capacity of the members or shall be based on the above forces without the
one-third increase usually permitted for stresses resulting from earthquake
forces.

Braced frames in buildings shall be composed of axially loaded bracing
members of A36, A440, Ad4l, ASOL, AST2 (except Grades 60 and 65) or
A588 structural steel; or reinforced concrete members conforming to the
requirements of Section 2627.

H. Reinforced concrete shear walls for all buildings shall conform to
the requirements of Section 2627.

L. In structures where K = 0.67 and K = 0.80, the special ductility re-
quirements of structural steel (complying with Section 2722 for buildings
in Seismic Zones No. 2, No. 3 and No. 4 or Section 2723 for buildings in
¢ Seismic Zone No. 1) or by reinforced concrete (complying with Section
2626 for buildings in Seismic Zones No. 2, No. 3 and No. 4 or with Sec-
tion 2625 for buildings in Seismic Zone No. 1), as appropriate, shall ap-

+ ply to all structural elements below the base which are required to

. transmit to the foundation the forces resulting from lateral loads.

% 2. Design requirements. A. Minor alterations. Minor structural altera-
# tions may be made in existing buildings and other structures, but the

¢ resistance to lateral forces shall be not less than that before such altera-

tions were made, unless the building as altered meets the requirements of

% this Section.

: B. Reinforced masonry or concrete. All elements within structures
2 located in Seismic Zones No. 2, No. 3 and No. 4 which are of masonry or
. concrete shall be reinforced so as to qualify as reinforced masonry or con-
i crete under the provisions of Chapters 24 and 26. Principal reinforcement

: in masonry shall be spaced 2 feet maximum on center in buildings using a
% moment resisting space frame.
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C. Combined vertical and horizontal forces. In computing the effect of #
seismic force in combination with vertical loads, gravity load stresses in-
duced in members by dead load plus design live load, except roof live
load, shall be considered. Consideration should also be given to minimum
gravity loads acting in combination with lateral forces.

D. Diaphragms. Floor and roof diaphragms shall be designed to resist
the forces set forth in Table No. 23-J. Diaphragms supporting concrete or
masonry walls shall have continuous ties between diaphragm chords to
distribute, into the diaphragm, the anchorage forces specified in this :
Chapter. Added chords may be used to form sub-diaphragms to transmit
the anchorage forces to the main cross ties. Diaphragm deformations shall
be considered in the design of the supported walls. See Section 2312 (j)3 A
for special anchorage requirements of wood diaphragms.

3. Special requirements. A. Wood diaphragms providing lateral sup-
port for concrete or masonry walls. Where wood diaphragms are used to
laterally support concrete or masonry walls the anchorage shall conform i
to Section 2310. In Zones No. 2, No. 3 and No. 4 anchorage shall not be i
accomplished by use of toe nails, or nails subjected to withdrawal; nor
shall wood framing be used in cross grain bending or cross grain tension.

B. Pile caps and caissons. Individual pile caps and caissons of every
building or structure shall be interconnected by ties, each of which can
carry by tension and compression a minimum horizontal force equal to 10 &
percent of the larger pile cap or caisson loading, unless it can be i
demonstrated that equivalent restraint can be provided by other approved i
methods. :

C. Exterior elements. Precast, nonbearing, nonshear wall panels or i
similar elements which are attached to or enclose the exterior, shall ac-
commodate movements of the structure resulting from lateral forces or
temperature changes. The concrete panels or other elements shall be sup- i
ported by means of cast-in-place concrete or by mechanical fasteners in :
accordance with the following provisions. ;

Connections and panel joints shall allow for a relative movement be- i
tween stories of not less than two times story drift caused by wind or
(3.0/K) times story drift caused by required seismic forces; or % inch, &
whichever is greater. :

Connections shall have sufficient ductility and rotation capacity so as to
preclude fracture of the concrete or brittle failures at or near welds. Inserts &
in concrete shall be attached to, or hooked around reinforcing steel, or i
otherwise terminated so as to effectively transfer forces to the reinforcing
steel. '

Connections to permit movement in the plane of the panel for story drift
shall be properly designed sliding connections using slotted or oversize
holes or may be connections which permit movement by bending of steel
or other connections providing equivalent sliding and ductility capacity.

(k) Essential Facilities. Essential facilities are those structures or
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buildings which must be safe and usable for emergency purposes after an
earthquake in order to preserve the health and safety of the general public.
Such facilities shall include but not be limited to:

1. Hospitals and other medical facilities having surgery or emergency

treatment areas.

2. Fire and police stations.

3. Municipal government disaster operation and communication

centers deemed to be vital in emergencies.

The design and detailing of equipment which must remain in place and
be functional following a major earthquake shall be based upon the re-
quirements of Section 2312 (g) and Table No. 23-J. In addition, their
design and detailing shall consider effects induced by structure drifts of
not less than (2.0/K) times the story drift caused by required seismic forces
nor less than the story drift caused by wind, Special consideration shall
also be given to relative movements at separation joints.

(1) Earthquake Recording Instrumentations. For earthquake recording
. instrumentations see Appendix, Section 2312 (1).
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*See Section 2306 for live load reductions. The rate of reduction r in Section
2306 Formula (6-1) shall be as indicated in the Table. The maximum reduc-
tion R shall not exceed the value indicated in the Table.

’As defined in Section 4506.

TABLE NO. 23-D—~MAXIMUM ALLOWABLE DEFLECTION
FOR STRUCTURAL MEMBERS'

MEMBER LOADED WITH

MEMBER LOADED WITH
LIVE LOAD PLUS

LIVE LOAD ONLY DEAD LOAD
TYPE OF MEMBER (L.L) {L.L. + KD.L)
Roof Member Supporting
Plaster or Floor Member L/360 L./240

‘Sufficient slope or camber shall be provided for tlat roofs in accordance

with Section 2305 (f).
L.L. = Liveload
D.L. = Deadload
K =

L

Factor as determined by Table No. 23-E
Length of member in same units as deflection

TABLE NO. 23-E—VALUE OF “K”

w0oD

Unseasoned Seasoned’

REINFORCED CONCRETE? STERL

1.0 Lﬁos

[2-12(A"/A)] = 0.6 0

'Scasoned lumber is lumber having a moisture content of less than 16 percent
at time of installation and used under dry conditions of use such as in

covered structures,
1See also Section 2609.

A§ = Areaof compression reinforcement.
As = Area of nonprestressed tension reinforcement.

213




TABLE NO. 23-F—WIND PRESSURES FOR VARIOUS HEIGHT

ZONES ABOVE GROUND!
WIND-PRESSURE-MAP AREAS
HEIGHT ZONES (pounds per square foot)

(In feet) 20 25 0 3 40 45 50
Less than 30 15 120 |25 | 25| 30 | 35 40
30 to 49 20 125 {30 | 35| 40 | 45 50
50 to 99 25 |30 {40 | 45| 50 | 55 60
100 to 499 30 |40 |45 | 55| 60 | 70 75
500 to 1199 35 {45 | 55 | 60| 70-| 80 | 90
1200 and over 40 | 50 | 60 [ 70 | 80 | 90 | 100

'See Figure No. 4. Wind pressure column in the table should be selected which
is headed by a value corresponding to the minimum permissible, resultant

wind pressure indicated for the particular locality.

The figures given are recommended as minimum. These requirements do not

provide for tornadoes.

TABLE NO.23-G—MULTIPLYING FACTORS FORWIND

PRESSURES—CHIMNEYS, TANKS, AND SOLID TOWERS

HORIZONTAL CROSS SECTION FACTOR
Square or rectangular 1.00
Hexagonal or octagonal 0.80
Round or elliptical 0.60

TABLE NO. 23-H—SHAPE FACTORS FOR RADIO TOWERS

AND TRUSSED TOWERS
TYPE OF EXPOSURE FACTOR
1. Wind normal to one face of tower
Four-comered, flat or angular sections, steel or wood  2.20
Three-commered, flat or angular sections, steel or
wood 2.00
2. Wind on comer, four-cornered tower, flat or angular
sections 2.40
3. Wind parallel to one face of three-cornered tower,
flat or angular sections 1.50
4. Factors for towers with cylindrical elements are ap-
proximately two-thirds of those for similar towers
with flat or angular sections
5.Wind on individual members
Cylindrical members
Two inches or less in diameter 1.00
Over two inches in diameter 0.80
Flat or angular sections 1.30
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TABLE NO. 23.1—HORIZONTAL FORCE FACTOR “K” FOR

BUILDINGS OR OTHER STRUCTURES'

TYPE OR ARRANGEMENT OF RESISTING ELEMENTS

VALUE® OF
K

- All building framing systems except as hereinafter classified

1.00

(5]

. Buildings with a box system as specified in Section 2312 (b)

1.33

- Buildings with a dual bracing system consisting of a

ductile moment resisting space frame and shear walls or
braced frames using the following design criteria:

a. The frames and shear walls shall resist the total lateral
force in accordance with their relative rigidities consider-
ing the interaction of the shear walls and frames

b. The shear walls acting independently of the ductile
moment resisting portions of the space frame shall resist
the total required lateral forces

¢. The ductile moment resisting space frame shall have
the capacity to resist not less than 25 percent of the
required lateral force

0.80

- Buildings with a ductile moment resisting space frame

designed in accordance with the following criteria: The
ductile moment resisting space frame shall have the
capacity to resist the total required lateral force

0.67

. Elevated tanks plus fill contents, on four or more cross-

braced legs and not supported by a building

[ )
n

. Structures other than buildings and other than those set

torth in Table No. 23-J

2.00

Where wind load as specified in Section 2311 would produce higher stresses,
this load shall be used in lieu of the loads resulting from earthquake forces.

‘See Figure Nos. 1, 2 and 3 this chapter and definition of 2" as specified

in Section 2312 (¢).

‘The minimum value of **KC"’ shall be 0.12 and the maximum value of “AC"’

need not exceed 0.25.

The tower shall be designed for an accidental torsion of five percent as speci-
fied in Section 2312 (e) S. Elevated tanks which are supported by buildings
or do not conform to type or arrangement of supporting elements as gie-
scribed above shall be designed in accordance with Section 2312 (g) using

“Cp= L.
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TABLE NO. 23-J—HORIZONTAL FORCE FACTOR “C,,” FOR

ELEMENTS OF STRUCTURES
DIRECTION | VALUEOF]
PART OR PORTION OF BUILDINGS OF FORCE Cp
}. Exterior bearing and nonbearing walls, | Normalto
interior bearing walls and partitions, tlat 0.20°
interior nonbearing walls and partitions. surface
Masonry or concrete fences
2. Cantilever parapet Normal to
tlat 1.00
surface
3. Exterior and interior ornamentations and Any
appendages. direction 1.00
4. When connected to, part of, or housed
within a building:
a. Towers, tanks, towers and tanks plus
contents, chimneys, smokestacks and 0.20°
penthouse
b. Storage racks with the upper storage Any
level at more than 8 feet in height direction 0.20°*

plus contents

<. Equipment or machinery not required
for life satety systems or for continued 0.20° ¢
operations of essential tacilities

d. Equipment or machinery required for
life safety systems or for continued 0.50 *
operation of essential tacilities

S. When resting on the ground, tank plus Any
eftective mass of its contents. direction 0.12
6. Suspended ceiling framing systems (Ap- Any
plies to Seismic Zones Nos. 2, 3 and 4 | direction 0.20°
only)
7. Floors and roofs acting as diaphragms Any 0.12°
direction
8. Connections for exterior panels or_for Any
clements complying with Section 2312 | direction 2.00
() 3C.
9. Connections for prefabricated structural Any
elements other than walls, with torce direction 0.30°

applied at center of gravity ol assembly

‘See also Section 2309 (b) for minimum load on deflection criteria for interior
partitions.

*When located in the upper portion of any building where the h,/D ratio is
five-to-one or greater the value shall be increased by S0 percent.

-u'p for storage racks shall be the weight of the racks plus contents. The
value of C, for racks over two storage support levels in height shall be
0.16 for the levels below the top two levels. In lieu of the tabulated values
steel storage racks may be designed in accordance with U.B.C. Standard
No. 2711

(Continued)
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Where a number of storage rack units are interconnected so that there are a
minimum of four vertical elements in each direction on each column line
designed to resist horizontal forces, the design coefficients may be as for a
building with K values from Table No. 23-1, CS = 0.20 for use in the for-
mula V = ZIKCSW and W equal to the total dead load plus 50 percent of
the rack rated capacity. Where the design and rack contigurations are in
accordance with this paragraph the design provisions in U.B.C. Standard
No. 27-11 do not apply.

‘For flexible and flexibly mounted equipment and machinery, the appropriate
values of C, shall be determined with consideration given to both the
dynamic properties of the equipment and machinery and to the building or
structure in which it is placed but shall not be less than the listed values.
The design of the equipment and machinery and their anchorage is an in-
tegral part of the design and specification of such equipment and
machinery.

*For Essential Facilities and life safety systems, the design and detailing of
equipment which must remain in place and be functional following a major
earthquake shall consider drifts in accordance with Section 2312 (k). The
product of IS need not exceed 1.5.

*Ceiling weight shall include all light fixtures and other equipment which are
laterally supported by the ceiling. For purposes of determining the lateral
force, a ceiling weight of not less than 4 pounds per square foot shall be
used.

'Floors and roofs acting as diaphragms shall be designed for a minimum
force resulting froma C,0f 0.12 applied to w, unless a greater force results
from the distribution of fateral forces in accordance with Section 2312 {e}.

'The Wp shall include 25 percent of the floor live load in storage and
warehouse occupancies.

TABLE NO. 23K
VALUES FOR OCCUPANCY IMPORTANCE FACTOR!

TYPE OF OCCUPANCY 1
Essential Facilities' 1.5
Any building where the primary occupancy 1.25
is for assembly use for more than 300 persons

(in one room)

All others 1.0

'Scfe S_]gc}ion 2312 (k) for definition and additional requirements for essential
acilities.
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7.7 Snow Load Design

The information in this section was reproduced from the American o
Institute of Timber Construction Timber Construction Manual, Second Edition,
copyrightea 1974, published by John Wiley and Sons, Inc., New York, New York.

Reproduced with permission of:

John Wiley and Sons, Inc.
605 3rd Avenue
New York, New York 10016

and

American Institute of Timber Construction
333 West Hampden Avenue
Englewood, Colorado 80110

SNOW LOADS
Basic Snow Loads

Snow loads on roofs vary widely throughout the United States. Factors
affecting snow load accumulation on roofs include climatic variables of
elevation, latitude, wind frequency and duration of snowfall, roof geometry,
and site exposure. In addition, snowfall varies from year to year, and either
a mean recurrence interval must be established for design purposes or
design should be based on the maximum recorded snow load for which
data is available. Snow loads should be as stipulated by the governing build-
ing code, but in the absence of such a code, snow loading used for design
should be based on local investigation, or by the use of accepted snow load
maps.

Before discussing roof loads, it is necessary to consider ground snow loads
since these form the basis for determining roof loads. Several researchers
and agencies have measured ground snow load distribution and plotted
appropriate isogram maps depicting these loads. Figure 3.1 presents maxi-
mum snow loads on the ground based on records of the U.S. Weather Bur-
eau. Recent data reported by H. C. S. Thom of the Environmental Data
Service, U.S. Department of Commerce, in *‘Distribution of Maximum
Annual Water Equivalent of Snow on the Ground’ and published in the
Monthly Weather Review, Vol. 94, No. 4, 1966, provides snow load maps
based on 25-, 50-, and 100-year mean recurrence intervals. In general, the
50-year mean recurrence data as prepared by Thom corresponds generally
to the values listed in Figure 3.1 with slightly higher values recorded for the
Northeastern states and somewhat lower values plotted for the Western
states.

For the Western states, Figure 3.1 indicates that the snow loads for these
regions should be established based on local experience. Actual snow pack
in these regions of over 700 psf has been recorded and many of the in-
habited regions have snow loads of 100, 200, or 300 psf.

L. W. Neubauer, in his paper “Snow Loads on Roofs in Mountain Re-
gions,” published in Transactions, ASAE, Vol. 12, No. 3, 1969, proposes the
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Values sre based on watet equvalent of snow
sccumulauon on ground for general elevations
such a3 those near meteorologica stahons
Any eHect for unusual onrditions such as

for high elevstions dnfting, etc. must

be taken into account by further analysis

Figure 3.1 SNOW LOAD IN PSF ON THE GROUND, 50-YR MEAN RE-
CURRENCE INTERVAL. Source: U.S. Weather Bureau, Washington, D.C.

use of the following equation to estimate ground snow loads in the Western
mountain regions, based on a number of field studies conducted:

L 2
SL=23 (E['+Z_ 8.5)
where SI. = ground snow load, psf
El = elevation, {t/1,000
L = latitude, degrees

Although this equation is strictly empirical, it should be helpful in estimat-
ing snow loads at various elevations and latitudes when satisfactory snow-
load maps or data are not available.

Roof Snow Loads

Based on a determination of the ground snow load as specified by the
governing building code. through the use of maximum snow load maps
such as given in Fig. 3.1, by the use of snow load maps based on a specific
mean recurrence interval as developed by Thom, or by the use of an
equation such as the one suggested bv Neubauer, it is next necessary to
determine the actual snow loads to be expected on the roof surface. As
indicated, the roof snow load is a function of the geometry of the roof and
the exposure to wind forces.

These factors can be accounted for in design by applying appropriate
snow load coefficients to the basic ground snow loads. Specific snow load
coefficients have been developed to relate roof snow load to ground snow
load based on comprehensive surveys of actual conditions. This approach
has been adopted by Canada and is included in the National Building Code
of Canada.
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For the design of both ordinary and multiple series roofs, either flat,
pitched, or curved, a basic snow load coefficient of 0.8 should be used to
convert ground snow load to a roof snow load. This value should then be
increased or decreased if necessary because of specific roof geometry
conditions, such as decreasing for roof slopes exceedmg 20° and increasing
for roofs having valleys formed by multiple series or other similar geometry
conditions. When roof slopes exceed 20°, the design load in PSF may be
decreased by (SL/40-1%) for each 1° of slope over 20°. Specific coefficients
for these roof configurations are given in the American National Standard
Building Code Requirements for Minimum Design Loads in Buildings and
Other Structures by the American National Standards Institute.

For roofs exposed to winds of sufficient intensity to blow snow off, the
basic snow load coefficient can be reduced to 0.6. This coefficient is only
applicable if (a) the roof is not shielded from the wind on any side or is not
likely to become shielded by obstructions higher than the roof within a
distance of 10 from the building (“‘h” is the height of the obstruction
above the roof level), and (b) the roof does not have any projections, such
as parapet walls, which may prevent the snow from being blown off by the
wind.

Since unbalanced loading can occur as the result of drifting, sliding,
melting and refreezing, or physical removal of snow, structural roof
members should be designed to resist the full snow load as defined above
distributed over the entire roof area, the full snow load distributed on any
one portion of the area, and dead load only on the remainder of the area,
depending on which load produces the greatest stress on the member con-
sidered. With respect to duration of load, snow load duration is the
cumulative time during which the maximum design load is on the structure
over its entire life. A 2-month duration is generally recognized as the
proper design level for snow loads. Although some snow remains on roofs
for periods exceeding 2 months in a single year, such snow loads seldom
approach the design load.

Although the analysis of roofs for snow loading is complex due to the
many variables involved, recent technical data developed as discussed in
the preceding paragraphs have provided the engineer with sufficient in-
formation to make a realistic analysis.
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8.0 APPENDICES

Appendix A

Alternate Systems and Materials

Space Frames

Structural space frames are based on the use of a few simple repetitive
units. These units are fabricated with square tube, angle, pipe or other
shapes in steel, aluminum or stainless steel. Sizes, depths and space frame
dimensions and support locations are flexible. The basic unit (or module)
can be expanded into larger units by simply connecting repetitive units.
This repetitive technique allows the designer to construct virtually any
size structure he chooses.

Space frames are usually fabricated and erected by various combinations of
shop fabrication with field assembly, depending on frame type (tube, pipe,
angle, flange) design requirements and local conditions. Numbers of
members, joints, and bolts per joint are kept to a minimum, reducing the
number and size of field connections, thus reducing fiela erection time and
costs.

Some advantages to consider are:
° Standard units available from stock, quick aelivery

Easy transport, handling and stacking
. Fast, economical fabrication and erection

Publications covering standard details and structural performance data for
space frames are readily available from the various manufacturers. The
general comprehensive nature of these publications allow the designer ease
in calculating for required loads.

Stock Framing Systems

There are two basic stock framing system types available; one employing
channels as the main structural member and the other employing pipe.

The "channel type" consists of various sizes of channel (some perforated)
utilizing a special spring-loaded nut. This special nut can be inserted
anywhere along the continuous channel slot, held in position by the spring,
allowing for the securing with boits, appropriate fittings. The leaaing
manufacturer of this type of system offers over a dozen basic channels,
dozens of combination channels and over a thousand different types of
fittings, making it possible to construct an infinite variety of forms and
structures.

Care should be taken in designing with this type of system to remain
cost-competitive with traditional materials.

The designer/engineer might consider the use of components of this system

with other techniques. Many of the fittings offered by this system can be
readily used with other forms.

223



The seconda type in this category is the "pipe and slip-on pipe fitting"
system. This system is designed to be used with standard iron 1.3 to 5.1 cm
(1/2 to 2 in.) pipe, available from any plumbing or mill supply house. The
fittings are usually made of malleable iron with from one to five case
hardened set screws to each fitting depending upon the number of pipes to be
joined at one point. Several dozen types of fittings are offered giving
unlimited scope to the aesigner/engineer, making possible the fabrication of
the unusual type of structure as well as the simple structure. However,
most structures can be designed from just two or three types of fittings.

Stock Perforated and Slotted Shapes

Stock perforated and slotted shapes are a versatile framing material usually
made from 2.7 to 1.5 mm thick (12 to 16 gage) cold-formed steel. Among the
shapes available are even and uneven leg angles and channels, in 1.2 to 6.1
meter (4 to 20 ft) lengths. Siots and holes, either singularly or in
combination, are located at fractional intervals allowing a broad range of
flexibility in design. Individual members are joined together by bolts ana
nuts. Angular fittings can and are often used with this form.

Plastic Shapes

Pultrusions: Pultruded shapes are produced by pulling kesin (polyester,
epoxy, etc.) impregnated fibers (glass, carbon, aramid) through a steel die,
which determines the shape and controls the resin content. Almost any
constant cross section can be formed continuously and by nature of the
machine process, the finished product is uniform.

Pultruded elements have high strength-to-weight ratio ana are virtually
unbreakable in most applications. They're approximately two-thirds the
weight of aluminum, are unaffected by electrolytic corrosion, withstand
chemical corrosion from a wide variety of corrosive liquids and gases,
provide electrical insulation and are excellent thermal insulators.

The following structural shapes and profiles are standard stock items:
equal leg angle, channels, I-beams (W shapes), wide flange beams, round
tube, square tube, rectangular tubing, round rod, flat sheet and square bar.

The pultruded shapes can be fabricated by most conventional methods such as
sawing, drilling, routing, tapping, or machining.

The individual members or elements can be joined by bonding and bolting, or
bonding and riveting.

Fabrication and engineering manuals available from the manufacturers offer
the designer/engineer a comprehensive profile of this new engineering
material.

Plastic Pipe and Fittings

Another possible, innovative structural system that the designer/engineer
might consider is one employing plastic pipe and plastic fittings. This
form of system is particularly suited to small structures.
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Plastic pipe is made from PVC, CPVC, PE, PP, and PVF, ranging in size from
0.64 to 10.2 cm (1/4 to 4 in.) in diameter in approximately 6 meter (20 ft)
lengths.

Fittings available are: 900 elbows, 450 elbows, tees, reducing tees,
couplings, reducing couplings, flanges, caps, reducing flanges, reducing
bushings, sweeps and long radius bends.

The members and elements of this system can be either threaded or cemented
together. Flanges allow for bolting. Fabrication is easy and assembly in
the field is accomplished with common tools.

Module fastening to this form of structure is by "U" or "J" bolts or by

drilling through tube. A submember channel or angle might serve as
interface between structure and cell module.
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Appendix B

Photographs of Typical Small Photovoltaic Array Installations

This appendix consists of a series of photographs showing several small
photovoltaic array installations fieldea by the NASA Lewis Research Center
for the Department of Energy ana the Agency for International Development
over the past several years.

While most of the arrays indicated in the photographs presented herein are
different from those covered in the handbook, the photographs serve to show
samplings of some of the different types of solar cell modules available.
Further, the photographs illustrate the basic mounting techniques and
structures that have been used in past experimental installations. It
shouid be noted, however, that many of the structures depictea in the
photographs were not very cost efficient. It should also be noted that the
primary objective of these early experiments was to demonstrate the
viability of photovoltaic systems to meet electrical needs in low power
system applications, not cost efficiency.
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