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Structural Standard for Antenna Supporting
Structures and Antennas

OBJECTIVE
The objective of this Standard is to provide recognized literature for antenna supporting
structures and antennas pertaining to: (a) minimum load requirements as derived from ASCE 7-
02, "Minimum Design Loads for Buildings and Other Structures", and (b) design criteria as

derived from AISC-LRFD-99, "Load and Resistance Factor Design Specification for Structural

Steel Buildings" and ACI 318-05, "Building Code Requirements for Structural Concrete". The

information contained in this Standard was obtained from available sources and represents, in

the judgment of the subcommittee, the accepted industry minimum structural standards for the

design of antenna supporting structures and antennas. While it is believed to be accurate, this
information should not be relied upon for a specific application without competent professional
examination and verification of its accuracy, suitability, and applicability by a licensed
professional engineer. This Standard utilizes loading criteria based on an annual probability

and is not intended to cover all environmental conditions which could exist at a particular

location.

When this Standard is adapted for international use, it is necessary to determine the appropriate

basic wind speeds (3-second gust), wind on ice loads, and earthquake accelerations at the site

location based on local data.

Equivalent International System of Units (SI) are given in square brackets [ ] throughout this
Standard. SI conversion factors have been provided in Annex M.

Annex A provides procurement and user guidelines to assist in specifying the requirements for a

specific structure. The user is cautioned that site-specific loading requirements, if known, take

precedence over the minimum requirements of this Standard. Site-specific data and

requirements differing from those contained in this Standard are to be included in the

procurement specifications for the structure.

This Standard is intended to cover the requirements for most structural antennas and antenna-
supporting structures, but recognizes that structures that are unusual for their height or shape,
or for the shape and size of individual members, or located at sites having unusual geological or
climatic conditions may require additional considerations. In these cases, a rational design
based on theory, analysis, knowledge of local conditions and sound engineering practice, shall
be used. The design shall be carried out by an engineer qualified in the specific design methods

and materials to be used, and shall provide a level of safety and performance equal to or better
than that implicit in this Standard.

SCOPE

This Standard provides the requirements for the structural design and fabrication of new and the
modification of existing structural antennas, antenna-supporting structures, mounts, structural
components, guy assemblies, insulators and foundations.

This Standard is based on limit states design. It is applicable mainly to steel structures but may
also be applied to other materials, when required, so as to provide an equivalent level of

reliability.

The appropriate standards should be referenced for structures that support antennas but that
are primarily intended for other applications, such as water towers, electrical transmission line

6
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structures, sign support structures, buildings, bridges, etc. This Standard, however, does apply
to the calculation of effective projected areas of appurtenances (antennas, mounts, lines, etc.)
and to the serviceability limit states appropriate for structures that support antennas.

GENERAL1.0

1.1 Strength Limit States
A structure designed to this Standard shall have sufficient strength and stability such that the
design strength, Ij>Rn, defined in Section 4.0 equals or exceeds the required strength, IaiQj,
defined in Section 2.0 as expressed by the following relationship:

Ij>Rn ~ IajQj

1.2 Serviceability Limit States
A structure designed to this Standard shall have sufficient rigidity such that the limit state
deformations defined in 2.8.2 are not exceeded under the service loads defined in 2.8.3.

1.3 Analysis
Load effects on individual structural members shall be determined by methods of structural
analysis that take into account equilibrium, general stability, geometric compatibility and material
properties in accordance with Section 3.0.

1.4 Definitions

Antenna supporting structure: a structure, including guy assemblies, guy anchorages and
substructures that support antennas or antenna arrays.

Design strength, Ij>Rn: the product of nominal strength and a resistance factor.

Factored load: the product of the nominal load and a load factor.

a conditionLimit state:
judged to be no longer useful for its intended function or unsafe.

Load effects: force and deformation responses produced in structures and their members by
applied factored loads.

Load factor, aj: a factor that accounts for deviations of the actual load from the nominal load,
for uncertainties in the analysis that transforms the load into load effects, and for the probability
that more than one extreme load will occur simultaneously.

Nominal loads: the magnitudes of the loads specified in this Standard for dead, wind, ice, wind
on ice, earthquake, and working and climbing facilities.

Nominal strength, Rn: the capacity of a structure or member to resist the effects of loads.

Required strength, La.jQj: the sum of the load effects due to applied factored loads and load
combinations.

... "~
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Resistance factor, «1>: a factor that accounts for the manner and
unavoidable deviations from a calculated nominal strength.

Strength design: method of proportioning structural members such
produced in the members by the factored loads do not exceed the
members.

Structural antenna: a structure for radiating or receiving electromagnetic waves including
reflectors, directors and screens.

1.5 Symbols and Notation

cj>Rn

LajQj

= design strength (nominal strength multiplied by a resistance factor);
= required strength (load effects due to factored loads and load combinations).

2.0 LOADS

2.1 Scope
This section provides minimum load requirements for antenna supporting structures and
antennas.

2.2 Classification of Structures
Structures shall be classified according to Table 2-1 for the purposes
wind, ice and earthquake loads.

2.3 Combination of Loads

2.3.1 Symbols and Notation

D = dead load of structure and appurtenances, excluding guy

Dg = dead load of guy assemblies;

Dj = weight of ice due to factored ice thickness;

E = earthquake load;

Tj = load effects due to temperature;

Wo = wind load without ice;
Wi = concurrent wind load with factored ice thickness.

2.3.2 Strength Limit State Load Combinations

Structures and foundations shall be designed so that their design strength equals or exceeds
the load effects of the factored loads in each of the following limit state combinations:

1. 1.2 D + 1.0 D9 + 1.6 VVo

2. 0.9 D + 1.0 D9 + 1.6 VVo

3. 1.2 D + 1.0 D9 + 1.0 Dj + 1.0 VVj + 1.0 Tj
4 1.2 D + 1.0 D9 + 1.0 E

5. 0.9 D + 1.0 D9 + 1.0 E

Exceptions:
1. Temperature effects need not be considered for self-supporting structures.
2. Ice and earthquake loading need not be considered for Class I structures.

3. No load factor shall be applied to the initial tension of guys.

4. Load combinations 2 and 5 apply to self-supporting structures only.

ANSlfTIA-222-G
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Notes:
1. A limit state conversion factor for ice load is applied to ice thickness in 2.6.8

2. Unfactored dead loads shall be used to determine earthquake loads, E, in loading
combinations 4 and 5.

3. For foundation designs, the weight of soil and substructure shall be considered as dead load
in all loading combinations.

2.4 Temperature Effects
The design tension of guys shall be based on an initial temperature of 60 degrees Fahrenheit

[16 degrees C]. In the absence of more accurate site data, a 50 degree Fahrenheit [28 degree

C] reduction in temperature shall be considered to occur with loading combinations that include

ice.

2.5 Dead Loads

2.5.1 Definitions

Dead load: 0, the weight of the structure, and appurtenances, excluding guy assemblies, and
for foundation design, the weight of soil and substructure.

Guy assembly dead load: 09, the weight of all guy assemblies, including guys, end fittings, and
insulators.

2.6 Wind and Ice Loads

2.6.1 Definitions

Appurtenances: items attached to the structure
transmission lines, conduits, lighting equipment, climbin

devices, etc.

Basic wind speed, V: 3-second gust wind speed c

category C as defined in 2.6.5.1 for a 50-year mean

Basic wind speed with ice, Vi: 3-second gust wind speed concurrent with the design ice
thickness at 33 ft [10m] above the ground in exposure category C as defined in 2.6.5.1 for a 50-

year mean recurrence interval.

Design wind load, Fw: equivalent static force to be used in the determination of wind loads.

Design ice thickness, tj: the uniform radial thickness of glaze ice at 33 ft [10 m] above the

ground in exposure category C as defined in 2.6.5.1 for a 50-year mean recurrence interval.

Discrete appurtenance: an appurtenance modeled as a concentrated load.

Effective projected area, EPA: projected area of an object multiplied by a force coefficient

(also called a drag factor) used in the determination of wind loads.

Escarpment: a cliff or steep slope generally separating two levels or gently sloping areas.

Glaze ice: ice accretion assumed to have a unit weight of 561b/ft3 [8.8 kN/m3].

ANSlrrJA-222-G
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Height of structure, h: the height of a structure, including latticed or tubular poles
the structure, but excluding lightning rods and similar appurtenances.

Hill: a land surface characterized by a strong relief in all horizontal directions.

Hurricane prone regions: areas vulnerable to hurricanes where the basic wind speed without
ice is greater than 90 mph [40.2 m/s].

property and reliability of service.

Linear appurtenance: an appurtenance modeled as a distributed load.

Ridge: an elongated crest characterized by strong relief in two directions.

Symmetrical appurtenance: an appurtenance for which the effective projected area (EPA) is
considered constant for all wind directions.

Velocity pressure, qz: equivalent static pressure used in the determination of wind loads.

Weight of ice, Dj: the weight of factored ice accumulated on the structure, guys, and
appurtenances.

2.6.2 Symbols and Notations

a = 3-second gust wind speed power law exponent;

E = solidity ratio of the structure without appurtenances;

8 = relative angle between the azimuth of an appurtenance and the wind direction;
89 = angle of wind incidence to a guy chord;
Aa = projected area of an appurtenance;
Af = projected area of flat structural components;

Afs = projected area of flat components supporting a mounting frame;
Ag = gross area of one tower face or mounting frame;

Aiz = cross-sectional area of ice at height z, or mounting frame;

Ap = projected area of a pole structure;

Ar = projected area of round structural components;

Ars = projected area of round components supporting a mounting frame;

C = velocity coefficient for round, tubular and polygonal members;

Ca = force coefficient for a linear or discrete appurtenance;

Cas = force coefficient for a mounting frame;Cd = drag factor for a guy;

Cf = force coefficient for a structure;
d = guy diameter;

D = diameter of a pole structure, a round structural component or a round appurtenance;

Dc = largest out-to-out dimension of a member;

Df = wind direction factor for flat structural components;
Dj = weight of Ice;
Dr = wind direction factor for round structural components;

Ds = smallest projected dimension of a component;

(EPA)A = effective projected area of an appurtenance;

(EPA)FN = normal effective projected area of members supporting a mounting frame;

(EPA)FT = transverse effective projected area of members supporting a mounting frame;

ANSI/TIA-222-G
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{t:I-'A)MN = normal errecuve prOjeC1ea area OT a mourning Trame;
(EPA)MT = transverse effective projected area of a mounting frame;
(EPA)N = effective projected area associated with the windward face normal to the azimuth of

the appurtenance;
(EPA)s = effective projected area of the structure;
(EPA)T = effective projected area associated with the windward side face of an appurtenance;
e = natural logarithmic base;

f = height attenuation factor;
FA = design wind force on appurtenances;
FG = design wind force on guys;
FST = design wind force on the structure;

Fw = design wind load;

Gh = gust effect factor;

h = height of structure;
H = height of crest above surrounding terrain;
I = importance factor;
Ka = shielding factor for appurtenances (or wake interference factor);
~ = wind direction probability factor;
Ke = terrain constant;
~ = height reduction factor;
~z = height escalation factor for ice thickness;
Kt = topographic constant;
Kz = velocity pressure coefficient;
Kzmin = minimum value for Kz;
Kzt = topographic factor;
Lg = length of guy;
qz = velocity pressure;
Ra = ratio of projected area of attachments to projected area of structural member;
Rr = reduction factor for a round element in a tower face;

Rrf = reduction factor for a round element in a mounting frame;
t = design ice thickness for site location;
tz = nominal thickness of radial glaze ice at height z;

V = basic wind speed without ice;
\ I - k~_:- ...:~..J -~ J ...:~k :--.= basic wind speed with ice;

= height above ground;
= nominal height of atmospheric

Vi

z

Zg

Antennas and antenna supporting structures have unusual shapes and response characteristics
due to wind load. The provisions of this Standard take into consideration the load magnification
effects caused by wind gusts in resonance with along-wind vibrations of self-supporting and
guyed antenna supporting structures.

1. The basic wind speed without ice, V, the basic wind speed with ice, Vi. and the design

ice thickness tj shall be determined from 2.6.4.

--
2. A wind direction probability factor, ~, shall be determined from Table 2-2.

3. An importance factor, I, shall be determined

classification listed in Table 2-1.

4. An exposure category and velocity pressure
site location in accordance with 2.6.5.

ANSlfTIA-222-G
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from Table 2-3 based on the structure.
coefficient, Kz1 shall be determined for the.
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5. A topographic category and topographic factor, Kzt, shall be determined in accordance
with 2.6.6.

6. A gust effect factor, Gh. shall be determined in accordance with 2.6.7.

7. The design ice thickness shall be escalated with height in accordance with 2.6.8.

8. The design wind force shall be determined in accordance with 2.6.9.

2.6.4 Basic Wind Speed and Design Ice Thickness
The basic wind speed without ice, the basic wind speed with ice and the design ice thickness
shall be as given in Annex B except as provided in 2.6.4.1. Wind shall be considered to come
from any horizontal direction. Ice shall be considered to be glaze ice.

Ice may be ignored for structures located in regions where the design ice thickness is less than
or equal to 0.25 inches (6 mm).

2.6.4.1 Estimation of Basic Wind Speeds and Design Ice Thickness from Regional
Climatic Data

For regions not included in Annex B, for the special wind or ice regions indicated in Annex B,
and for sites where records indicate that in-cloud icing produces significant loads, extreme-value
statistical-analysis procedures shall be used to establish design values consistent with this
Standard from available climatic data accounting for the length of record, sampling error,
averaging time, anemometer height, data quality, and terrain exposure.

2.6.5 Exposure Categories

2.6.5.1 General
An exposure category that adequately reflects the characteristics of ground surface irregularities
at the site shall be determined. Account shall be taken of variations in ground surface
roughness that arise from natural topography and vegetation as well as from constructed
features. The exposure category for a structure shall be assessed as being one of the
following:

1. Exposure B: Urban and suburban areas, wooded areas, or other terrain with numerous
closely spaced obstructions having the size of single-family dwellings or larger. Use of
this exposure shall be limited to those areas for which terrain representative of Exposure
B surrounds the structure in all directions for a distance of at least 2,600 ft [800 m] or
twenty times the height of the structure, whichever is greater.

2. Exposure C: Open terrain with scattered obstructions having heights generally less than
30 ft [9.1 m]. This category includes flat, open country, grasslands and shorelines in
hurricane prone regions.

Exposure D: Flat, unobstructed shorelines exposed to wind flowing over open water
(excluding shorelines in hurricane prone regions) for a distance of at least 1 mile [1.61
km]. Shorelines in Exposure 0 include inland waterways, lakes and non-hurricane coastal
areas. Exposure 0 extends inland a distance of 660 ft [200 m] or twenty times the height
of the structure, whichever is greater. Smooth mud flats, salt flats and other similar terrain
shall be considered as Exposure D.

3.
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2.6.5.2 Velocity Pressure Coefficient

Based on the exposure category determined
be determined as follows:

Kz = 2.01 (Z/Zg)2/a

Kzmin ~ Kz ~ 2.01

where:

z = height above ground level at the base of the structure

Zg, a and Kzmin are tabulated in Table 2-4

2.6.6 Topographic Effects

2.6.6.1 Wind Speed-Up Over Hills, Ridges and Escarpments

Wind speed-up effects at isolated hills, ridges and escarpments constituting abrupt changes in
the general topography, located in any exposure category, shall be included in the calculation of
design wind loads under the following conditions:

1. The hill, ridge or escarpment is isolated and unobstructed by other similar topographic
features of comparable height for a radius of 2 miles [3.22 km] measured horizontally from

the point at which the height of the hill, ridge or escarpment is determined, and

2. The hill, ridge or escarpment protrudes by a factor of two or more above the average

height of the surrounding terrain features within a 2 mile [3.22 km] radius, and

3. The slope (vertical to horizontal ratio) of the topographic feature exceeds 0.10, and

4. The height of the topographic feature is greater than or equal to 15 ft [4.57 m] for

exposures C and D and 60 ft [18 m] for exposure B.

2.6.6.2 Topographic Categories
The topographic category for a structure shall be assessed as being one of the following:

1. Category 1: No abrupt changes in
speed-up consideration shall be reqspeed-up consideration shall be requ

Category 2: Structures located at (

shall be considered to occur in all d
half of an escarpment or horizontally
crest, shall be permitted to be consid

~I"--~ ~I" _..~.~ -- .-., Category 2: Structures located at or near the crest of an escarpment. Wind speed-up

shall be considered to occur in all directions. Structures located vertically on the lower
half of an escarpment or horizontally beyond 8 times the height of the escarpment from its
crest, shall be permitted to be considered as Topographic Category 1.

Category 3: Structures located in the upper half of a hill. Wind speed-up shall be
considered to occur in all directions. Structures located vertically on the lower half of a hill
shall be permitted to be considered as Topographic Category 1.

2.

3.

4. Category 4: Structures located in the upper half of a ridge. Wind speed-up shall be
considered to occur in all directions. Structures located vertically on the lower half of a
ridge shall be permitted to be considered as Topographic Category 1.

ANSlfTIA-222-G
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5. Category 5: Wind speed-up criteria based on a site-specific investigation.

2.6.6.3 Structures Supported on Buildings or Other Structures
Wind speed-up shall not be used to account for the increased wind loads required due to height
for structures supported on buildings or other structures. The height, z, above ground level
shall be referenced to the ground level of the building or other supporting structure.

2.6.6.4 Topographic Factor
The wind speed-up effect shall be included in the calculation of
factor Kzt:

K K
=[1+~)2

Kh

Kzt

where:

~ = height reduction factor given by the following equation:

(~)

= e H

~

e = natural logarithmic base = 2.718

Ke = terrain constant given in Table 2-4

Kt = topographic constant given in Table 2-5

f = height attenuation factor given in Table 2-5

z = height above ground level at the base of the structure

H = height of crest above surrounding terrain

Kzt = 1.0 for topographic category 1. For topographic category
recognized published literature or research findings.

ANSI/TIA-222-G
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2.6.7 Gust Effect Factor

2.6.7.1 Self-Supporting or Bracketed Latticed Structures
For self-supporting latticed structures, the gust effect factor shall be 1.00 for structures 600 ft
[183 m] or greater in height. For structures 450 ft [137 m] or less in height, the gust effect factor
shall be 0.85. The gust effect factor shall be linearly interpolated for structure heights between
450 ft [137 m] and 600 ft [183 m].

Gh =0.85+0.15

Gh =0.85+0.15

0.85 ~ Gh ~ 1.00

where:

h = height of structure

Note: For structures supported on buildings or other structures, the height
not include the height of the supporting structure.

2.6.7.2 Guyed Masts

For guyed masts the gust effect factor shall be 0.85.

2.6.7.3 Pole Structures

For pole structures the gust effect factor shall be 1.10.

2.6.7.4 Structures Supported on Other Structures

For the strength and connection design of cantilevered tubular or latticed spines, poles or similar
structures (fundamental frequency less than 1.1 Hertz) mounted on guyed masts, latticed self-
supporting structures or flexible buildings (height to width ratio

shall be 1.10 for latticed spines and 1.35 for tubular spines.

and self-supporting
based

factor for the supporting structure.

Notes:

1. Connection design shall include the design of all members and components transferring the
spine loads to the main members of the supporting structure or candelabra.

2. For structures supporting spines, the height of the structure shall include the height of the
spine.

factor

Gust effect factors for supporting guyed masts latticed
accordance with 2.6.7.1 or 2.6.7.2 using the loads from the cantilever

Copyright Telecommunlcetions Industry Association
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following equations:

h, in feet

~

h, in meters

of structure, h, shall

greater than 5), the gust effect

structures shall be in
on the gust effect
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2.6.8 Design Ice Thickness
The design ice thickness, tj, shall be escalated with height when calculating ice
on ice loads in accordance with the following equations:

tiz = 2.0 ti I Kiz(KzVO.35

Kiz = [-3:.--]°.10 ~ 1.4
33

Kiz = [-3:.--]°.10 ~ 1.4
10

Z, in

z, in meters

where:

2.0 = limit state conversion factor

tiz = the factored thickness of

~ = design ice thickness

I = importance factor for structure

Kz = height escalation factor for ice

Z = height above ground level at base of structure

Kzt = topographic factor from 2.6.6.4

For purposes of calculating the additional projected area of ice, ice thickness shall be

considered to accumulate with a uniform thickness around the exposed surfaces of the
structure, guys and appurtenances (refer to Figure 2-1). The additional projected area of ice
may be considered round when calculating wind on ice loads even though the bare projected

area is flat.

For purposes of calculating the

by:

A. = 1t . t. (D + t. )

lZ lZ C lZ

where:

Aiz = cross-sectional

Dc = largest out-to-out dimension of a member (refer to Figure 2-2)

The weight of ice shall be based on a unit weight of 56 Ib/ft3 [8.8 kN/m3].

2.6.9 Design Wind Load

The design wind load shall include the sum of the
structure in the direction of the wind and the design

ANSIn-IA-222-G

and windweight

~~

feet

~~~

radial glaze ice at height z

from Table 2-3

~~

of ice, the cross-sectional

area of ice shall be determinedweight

~~~~~~

area of ice at height z

horizontal design wind forces applied to the
wind forces on guys and appurtenances. All
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appurtenances, including antennas, mounts and lines, shall be assumed to remain intact and
attached to the structure.

Strength design shall be based on the wind directions resulting in the maximum responses. For
latticed structures, each of the wind directions indicated in Table 2-6 shall be considered for
each face.

The horizontal design wind force for the strength design of appurtenances and their connections
to supporting structures shall be determined using a gust effect factor of 1.0 and a directionality
factor determined from Table 2-2. No shielding from the structure shall be considered (Ka= 1.0,
refer to 2.6.9.2).

The horizontal design wind force for the strength design of a cantilevered tubular or latticed
spine, pole or similar structure mounted on a guyed mast, latticed self-supporting structure, or
flexible building shall be determined using a gust effect factor from 2.6.7.4 and a directionality
factor determined from Table 2-2 for the cantilevered structure.

Note: The directionality factor for determining the design wind load for the total structure,
including the cantilever, shall be determined from Table 2-2 based on the type of supporting
structure.

The design wind load, Fw, shall be determined in accordance with the following:

Fw= FST + FA + FG

where:

FST = design wind force on the structure from 2.6.9.1

FA = design wind force on appurtenances from 2.6.9.2

FG = design wind force on guys from 2.6.9.3

The design wind forces, FST + FA, need not exceed the wind force calculated for a structure
using a solidity ratio of 1.0 (solid-faced) plus the wind load on externally mounted
appurtenances that are outside the normal projected area of the structure in the direction of the
wind.

2.6.9.1 Design Wind Force on Structure

The design wind force, FST. applied to each section of a structure shall be determined in
accordance with the following:

FST = qz Gh (EPA)s

where:

FST = horizontal design wind force on the structure in the direction of the wind

qz = velocity pressure from 2.6.9.6

Gh = gust effect factor from 2.6.7

(EPA)s = effective projected area of the structure from 2.6.9.1.1 or 2.6.9.1.2

Copyright Tek!communications Industry Ass""",t,,n
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2.6.9.1.1 Effective Projected
The effective projected area of
from the equation:

(EPA}s = Cf [Of ~Af + Or ~ (Ar Rr )]

where:

Cf = 4.0E2 - 5.9E + 4.0 (square cross

Cf = 3.4E2 - 4.7E + 3.4 (triangular cross sections)

= solidity ratio = (Af + Ar}/Ag

= projected area of flat structural

Ar = projected area of round structural components in one face of the section including

the projected area of ice on flat and round structural components in one face for
loading combinations that include ice

Ag = gross area of one face as if the face were solid

Of = wind direction factor for flat structural components determined from Table 2-6

Or = wind direction factor for round structural components determined from Table 2-6

Rr = reduction factor for a round element

= 0.57 - 0.14E + 0.86E2 - 0.24E3 ~ 1.0 when C < 32 [4.4] and for all iced conditions

(subcritical flow)

= 0.36 + 0.26E + 0.97'

(supercritical flow)

where:

&

Af

C = [I Kz Kn]1/2 V 0

I = importance factor from Table 2-3

Kz = velocity pressure coefficient from 2.6.5.2

KZT= topographic

v = the basic wind speed for the loading condition under

D = outside diameter of the structural component without

Notes:
The projected area structural
connection plates in the face of a
In order for a structural component
the component must have a round

1)

2)

ANSlfTIA-222-G

Area of Latticed Structures

structural components for a section, (EPA)s, shall be determined

components in one face of the section

62 - O.63E3 when C > 64 [8.7] for no-ice conditions

factor from 2.6.6.4

investigation, mph [m/s]

ice, ft [m]

shall include the projected ofof

considered as a round structu
and leeward sides of the

ral component,
on the
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component. (Formed U-shaped angle or channel members shall be considered as flat
structural components.)
Bracing members in adjacent faces and internal plan and hip bracing need not be
included in the projected area of structural components.
For no-ice conditions, linear interpolation may be used when 32 [4.4] ~ C ~ 64 [8.7] to
determine Rr. For iced conditions, Rr shall be based on subcritical flow for all values of

3)

4)

C.
5) When attachments such as step bolts or similar linear irregularities are

round structural member, the reduction factor for the round elements,
calculated as follows:

(a) when Ra ~ 0.1, the projected areas of the attachments may be ignored
(b) when 0.1 < Ra ~ 0.2, the value for Rr shall be multiplied by 1.0 + 3(Ra - 0.1), and the

projected areas of the attachments may be ignored
(c) when Ra > 0.20, or alternatively for any value of Ra, the value of Rr for subcritical flow
shall be used. The projected areas of attachments shall be considered separately in
addition to the structural member using appropriate force coefficients for appurtenances.

Where Ra is the ratio of the projected area of the attachments to the projected area of
the structural member without the attachments for the portion being considered. For
iced conditions, the ice thickness need not be included in the determination of Ra.
When attachments such as step bolts or similar irregularities are attached to a flat
structural member, the projected areas of the attachments shall be considered
separately in addition to the structural member using appropriate force coefficients
except when Ra is less than or equal to 0.1, the projected areas of the attachments may
be ignored.

6)

2.6.9.1.1.1 Effective Projected Area of latticed leg Structures

latticed legs shall be considered as equivalent round members for the purpose of determining
the effective projected area, (EPA)s, of structures with latticed legs.

The effective projected area of an individual latticed leg shall be determined in accordance with
2.6.9.1.1 with Rr based on subcritical flow and the direction factors, Of and Dr, equal to 1.0. The
diameter of the equivalent round member shall be determined by dividing the (EPA)s of the
individual latticed leg by the quantity of 1.2 times the length of the latticed leg. Gross area, Ag,
of the structure shall be based of the full width of the structure including the width of the latticed
leg and ice when applicable.

The reduction factor, Rr, for the equivalent round member shall be based on subcritical flow.

For loading conditions that include ice, the factored thickness of ice, tiz, shall be considered
uniformly distributed around each member of the latticed leg for determining effective projected
areas (ice thickness need not be added to the equivalent round member). The weight of ice
shall be determined by considering each member of the latticed leg in accordance with 2.6.8.

2.6.9.1.2 Effective Projected Area of Pole Structures

The effective projected area of a pole section, (EPA)s, shall be determined

(EPA)s = Cf Ap
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where:

Cf = force coefficient for cantilevered pole structure from Table 2-7

Ap = actual projected area based on the pole outside diameter (for rounds), the

outside point-to-point diameter (for polygons), or overall width, including ice

thickness for load combinations that include ice

Note: In the absence of a detailed transmission line layout and installation bend

radii of the lines, the minimum diameter of a pole structure shall not be less than the

diameter which results in 45% utilization of the cross-section for the placement of

internal transmission lines.

2.6.9.1.3 Uniform Wind and Ice Applied to Structure

The design wind force and ice thickness applied to a section of a structure may be based on the
velocity pressure and ice thickness at the mid-height of the section. The section length

considered to have uniform velocity pressure and ice thickness shall not exceed the following:

a) 60 ft [18 m] for latticed structures
b) 20 ft [6 m] for pole structures

Design Wind Force on Appurtenances

wind force on appurtenances (either discrete or linear but excluding
), FA, shall be determined from the equation:

FA = qz Gh (EPA)A

2.6.9.2
The

where:

qz = velocity pressure at the centerline height of the appurtenance from 2.6.9.6

Gh = gust effect factor from 2.6.7

(Note: see 2.6.9 for Gh for

(EPA)A = effective projected area of the appurtenance including ice for
combinations that include ice.

The design wind force, FA. shall be applied at the centroid of the effective projected area of the
appurtenance in the direction of the wind. For a linear appurtenance, the length considered to
have uniform velocity pressure and ice thickness shall not exceed the section length specified in
2.6.9.1.3.

In the absence of more accurate data, the design wind force on microwave antennas shall be
determined using Annex C.

In the absence of more accurate data specifying effective projected area values for each critical
wind direction, the effective projected area, (EPA)A, of an appurtenance shall be determined
from the equation:

(EPA)A = Ka[(EPA)N cos2(8) + (EPA)T sin2(8)]

ANSlfTIA-222-G
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where:

Ka = 1.0 for round appurtenances, regardless of location, when transitional or
supercritical force coefficients are considered

= (1- E) for appurtenances when subcritical force coefficients are considered, located
entirely inside the cross section of a latticed structure or outside the cross section
entirely within a face zone as defined in Figure 2-3, where E is the minimum
solidity ratio of the structure considering each face for the section containing the
appurtenance. Ka need not exceed 0.6.
0.8 for antennas and antenna mounting configurations (when subcritical force
coefficients are considered only) such as side arms, T -arms, stand-offs, etc. when
3 or more mounts are located at the same relative elevation (shielding from the
mounting configuration and shielding of mounting members from antennas is
excluded, refer to 2.6.9.4)

= 1.0 for other appurtenances unless otherwise specified in this section

(Notes: 1. Ka = 1.0 may be conservatively used for any appurtenance
2. The value of Ka is constant for all wind directions
3. The Ka values specified above shall not be applied in addition to the

applicable Ka values specifed in 2.6.9.2.2 through 2.6.9.2.5)

e = relative angle between the azimuth associated with the normal face of the
appurtenance and the wind direction (refer to Figure 2-4)

(EPA)N = effective projected area associated with the windward face normal to the
azimuth of the appurtenance

(EPA)T = effective projected area associated with the windward side face of the

appurtenance

The larger value of (EPA)N or (EPA)T may be conservatively used for (EPA)A for all wind
directions.

In the absence of more accurate data, an appurtenance shall be considered as consisting of flat
and round components in accordance with the following:

(EPA)N = L(Ca AA)N

(EPA)r = L(Ca AA)r

Ca = force coefficient from Table 2-8

AA = projected area of a component of the appurtenance. The additional projected
area of ice shall be considered as a round component for loading combinations
that include ice

Equivalent flat plate areas based on Revision C of this Standard shall be multiplied by a force
coefficient. Ca. equal to 2.0 except when the appurtenance is made up of round members only,
a force coefficient of 1.8 may be applied.

The total (EPA)A for a wireless carrier shall be determined in accordance with Annex C when
specific antenna and mounting information is not available.
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2.6.9.2.1 Antenna Mounting Pipes

The effective projected area of a mounting pipe above and below the shielded portion of the
mounting pipe shall be included in the term L(Ca AA)No The effective projected area of the entire
mounting pipe shall be included in the term L(Ca AA)T 0

2.6.9.2.2 Effective Projected Area for Mounting Frames (Figure 2-5)
The effective projected area associated with the windward face normal to the azimuth of a
mounting frame, (EPA)N, shall be determined from the equation:

(EPA)N = (EPA)MN + (EPA)FN

where:

(EPA)MN = Effective projected area of the frame = Cas (At + RrfAr)

Cas = 1.58 + 1.05 (0.6 - 8)1.8 for 8 ~ 0.6

Cas = 1.58 + 2.63 (8 - 0.6)2.0 for 8 > 0.6

At = projected area of flat components of the mounting frame

Rrf = 0.6 + 0.4 E2

E = solidity ratio of mounting frame
= (At + Ar)/Ag

Ar = projected area of round components of the

Ag = gross area of the frame as if it were solid defined by the largest outside dimensions

of the elements included in Af and Ar

Note: For square or triangular truss mounting frames (refer to Figure 2-5),
equal to Cf in accordance with 2.6.9.1.1.

(EPA)FN = the effective projected area in a

frame of all members the
= 0.5 [ 2.0(LAfs) + 1.2(LArs)]

Afs = projected area of flat components

shielding or overlapping members

Ars = projected area of round components

to shielding or overlapping members

with theThe effective projected area
shall be determined from the

(EPA)T = (EPA)FT + 0.5}:: (EPA)FTi + 0.5 }:: (EPA)MT
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where:

(EPA)FT = the effective projected area in a plane transverse to the face of the mounting
frame of a frame/truss supporting the mounting frame (the larger frame/truss
when more than one is present)

(EPA)FTi = the effective projected area in a plane transverse to the face of the mounting
frame of any additional frames/trusses supporting the mounting frame

Note: The effective projected area of frame/truss supporting members shall be
determined in accordance with the equation for (EPA)MN. Alternatively, a drag factor of
2.0 may be applied to flat members and a drag factor of 1.2 applied to round members
without regard to shielding or overlapping members.

(EPA)MT = the effective projected area, in a plane transverse to the face of the mounting
frame, of all mounting frame members and all other miscellaneous support
members (i.e. tiebacks) without regard to shielding or overlapping members
determined using a drag factor of 2.0 applied to flat members and a drag
factor of 1.2 applied to round members

When three or more mounting frames are mounted at the same relative elevation, a 0.80
shielding factor, Ka, may be applied to the mounting frame (EPA)N and (EPA)T. When the three
or more mounting frames are mounted in an arrangement that results in shielding to the
structure and to the other mounting frames (refer to Figure 2-6), the shielding factor, Ka, may
be reduced to a value equal to 0.75. No shielding shall be considered for the supporting
structure.

Antennas and mounting pipes supported on mounting frames shall be considered as generic
appurtenances using a value of Ka equal to 0.9 except a value of Ka equal to 0.8 may be used
when 3 or more mounting frames are mounted at the same relative elevation.

2.6.9.2.3 Effective Projected Area for Symmetrical Frame/Truss Platforms
The effective projected area, (EPA)A, of frame/truss triangle or square symmetrical platforms
(refer to Fig. 2-7) that are continuous around the perimeter of a structure (or with a horizontal
gap between the corners of adjacent faces less than or equal to 10% of the width of the
platform) shall be determined as if the platform were a section of a latticed structure in
accordance with 2.6.9.1 using directionality factors OF and Or = 1.0. The projected area of all
supporting members for the entire platform shall be projected onto a plane parallel to a face
without regard to shielding or overlapping members of the platform or the supporting structure.
A drag factor of 2.0 for flat members and a drag factor of 1.2 for round members shall be
applied to the projected areas of the supporting members. Fifty percent of the total effective
projected area of the supporting members shall be added to the effective projected area of the
platform. The resulting total effective projected area shall be used for all wind directions. No
shielding shall be considered for the supporting structure. Antennas and mounting pipes
supported on the platform shall be considered as generic appurtenances with a value of Ka
equal to 0.75.

2.6.9.2.4 Effective Projected Area for Low Profile Platforms
The effective projected area, (EPA)A, of low profile symmetrical platforms (refer to Fig 2-8) that
are continuous around the perimeter of a structure (or with a horizontal gap between the corners
of adjacent faces less than or equal to 10% of the width of the platform) shall be determined by
summing the projected areas of all members of the platform onto a plane parallel to a face of
the platform without regard to shielding or overlapping members of the platform or the
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supporting structure. A drag factor of 2.0 for flat members and a drag factor of 1.2 for round

members shall be applied to the projected areas of all members. The total effective projected

area shall be multiplied by factor equal to 0.75 for square platform and 0.67 for triangular
platforms. The resulting effective projected area shall be used for all wind directions. No

shielding shall be considered for the supporting structure. Antennas and mounting pipes
supported on the platform shall be considered as generic appurtenances using a value of Ka
equal to 0.8.

2.6.9.2.5 Effective Projected Area for Symmetrical Circular Ring Platforms
The effective projected area, (EPA)A, of symmetrical circular ring platforms (refer to Fig 2-9) that
are continuous around the perimeter of a structure shall be determined by considering the
supporting members of the platform and the ring members as individual members. The

projected area of each ring member shall be equal to the product of the diameter of the ring and
the projected vertical dimension of the ring member exposed to the wind. The projected area of

all supporting members for the entire platform shall be determined by projecting all supporting

members onto a vertical plane without regard to shielding or overlapping members of the

platform or the supporting structure. A drag factor of 2.0 for flat members and a drag factor of

1.2 for round members shall be applied to the projected areas of the supporting members and

the ring members. A 0.50 factor shall be applied to total effective projected area of the

supporting members and a 1.75 factor shall be applied to the total effective projected area of the
ring members. The resulting total effective projected area shall be used for all wind directions.

No shielding shall be considered for the supporting structure. Antennas and mounting pipes

supported on the platform shall be considered as generic appurtenances using a value of Ka

equal to 0.8.

Notes for all mounting frame/platform types:
1. Ka shall equal 1.0 for antennas and antenna mounting pipes under transitional or

supercritical flow conditions.
2. Grating and other horizontal working surfaces need not be included in the effective projected

area.

2.6.9.3 Design Wind Force on Guys

The design wind force on guys, FG, shall be determined

equation:

Cd d LG Gh qz sin2 8gFG =

where:

FG =

force applied normal to the chord of the guy in the plane containing the guy

chord and the wind, refer to Figure 2-10.

1.2, drag factor for guy

guy diameter including ice for loading combinations that include ice

length of guy

gust effect factor from 2.6.7.2

velocity pressure at mid-height of guy from 2.6.9.6

true angle of wind incidence to the guy chord
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Note: A higher drag factor, Cd, or an increased effective guy diameter may be required when

attachments such as spoilers, insulators, markers, etc. are attached to a guy.

The design wind force and ice thickness may be assumed to be uniform based on the velocity
pressure and ice thickness at the mid-height of each guy or guy segment. The length of each

guy or guy segment may be assumed to equal the chord length. The design wind force shall be

considered as a distributed force normal to the guy chord.

For ground-supported structures, mid-height shall be referenced to the ground elevation at the
base of the structure. For structures supported on buildings or other supporting structures, the
mid-height of a guy shall be measured from the mid-height elevation of the guy to the ground
level of the building or other supporting structure. The height z for a guy segment shall not be
less than zero.

2.6.9.4 Shielding
Shielding, except as noted herein, may be considered for intersecting or parallel elements. The
unshielded element shall be considered as flat unless both elements are round. Full shielding
may be considered when the clear distance between the elements in the direction under
consideration for determining effective projected areas (EPA) is less than or equal to 2.0 times
the smallest projected dimension of the element in the direction under consideration. No

shielding shall be considered for clear distance ratios greater than 4.0. Linear interpolation shall
be allowed for ratios between 2.0 and 4.0. Refer to Figure 2-11.

Shielding from an appurtenance shall not be considered when a value of Ka less than 1.0 per

2.6.9.2 is used to determine the design wind force on the appurtenance.

Note: Shielding considerations will vary with wind direction.

2.6.9.5 Transmission Lines Mounted in Clusters or BIoI2.6.9.:> I ransmlSSlon Lines Moumea In ~IUSters or ~IOCKS
The projected area of each line in a cluster or block, independent of their spacing or location
within the group, (i.e. no shielding of lines and no reduction of ice thickness) shall be included in
the calculation of wind loads using a force coefficient, Ca, equal to 1.2 (based on round/elliptical
lines), except that the group of lines need not be considered larger than an equivalent

appurtenance with a width equal to the maximum out-to-out dimension of the group for both the

normal and transverse sides with a force coefficient, Ca, equal to 1.5 for square or rectangular

clusters and 1.2 for round clusters. Refer to Figure 2-12. For loading conditions that include

ice, a force coefficient, Ca, equal to 1.5 shall apply for both round, square and rectangular

clusters.

Note: The width of the equivalent appurtenance may be used for determining shielding in

accordance with 2.6.9.4.

For purpose of calculating the weight of ice, the radial thickness of ice shall be considered
on each individual line except that the total cross section of ice need not exceed the area of
a cluster as indicated in Figure 2-12.

clusters.

Note: The width of the equivalent
accordance with 2.6.9.4.

2.6.9.6 Velocity Pressure
The velocity pressure, qz, evaluated at height z shall be calculated by the following equation:

..J qz = 0.00256 Kz Kzt ~ V2 I (lb/W )
= 0.613 Kz Kzt ~ V2 I [N/m2]
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where:

Kz = velocity pressure coefficient from 2.6.5.2

Kzt = topographic factor from 2.6.6.4

Kd = wind direction probability factor from Table 2-2

V = the basic wind speed for the loading condition under investigation, mph [m/s]

I = importance factor from Table 2-3

2.7 Earthquake Loads

2.7.1 Definitions

Design Earthquake: the earthquake effects that are two-thirds of the corresponding maximum
considered earthquake.

Site Class: A classification assigned to a site based on the types of soil present.

Structure Irregularity: A structure containing a torsional, stiffness or mass irregularity as
defined in Table 2-9.

2.7.2 Symbols and Notations

4>im

acceleration
Agi = area of an individual guy at elevation;
As = earthquake amplification factor;
Cg = natural frequency conversion factor

Czm = seismic force distribution factor for the mth
E = modulus of elasticity of structure material;
Fa = acceleration-based site coefficient at short periods;
Fsz = Lateral seismic force at level z;
Fv = velocity-based site coefficient at 1 second;

Fzm = seismic forces at level z for the mth mode;
f1 = fundamental frequency of structure;

fm = frequency of structure for the mode under consideration;

Gri = average guy radius for guys at elevation;
g = acceleration due to gravity;

Hgi = height above base to guy elevation;
h = height of structure;
hi = height from the base of structure to level;
hz = height from the base of structure to level
I = importance factor;
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Is = moment of inertia of a section of a structure;
i = number designating the level of the structure;

lavg = average moment of inertia of structure;
Ibot = moment of inertia at base of structure;

Itop = moment of inertia at top of structure;
Kg = equivalent stiffness of guys;
Km = simplified natural frequency conversion factor for guyed masts;
Ks = coefficient used to determine fundamental frequencies of a structure;

ke = seismic force distribution exponent;

L = height of pole structure;

Lgi = average chord length of guys at elevation i;
Ls = length of a section of a structure;
Ms = total mass of a section of a structure;
m = subscript denoting quantities in the mth mode;
N = standard penetration resistance of a soil;

Ni = number of guys at guy elevation i;
n = number designating the uppermost level of the structure or number of guy levels;

PI = plastic index of a soil;

R = response modification coefficient;
S1 = maximum considered earthquake spectral response acceleration at 1 second;
SA = design spectral response acceleration;

Sam= design spectral response acceleration at period T m;
Sam=

Saz= acceleration coefficient at
SO1 = design spectral response acceleration at a period of 1.0 second;
Sos = design spectral response acceleration at short periods;
Ss = spectral response acceleration at short period;
Su = undrained shear strength of a soil;
T m = period for mode m;
To = period used to define the design spectral response;
T s = period used to define the design spectral response;
V s = total seismic shear;

Vsm = portion of the base shear contributed by the mth mode;
W = weight of structure including appurtenances and upper half of guys;

WI = weight used to determine fundamental frequencies of a structure;

WL = weight of structure excluding appurtenances;

Wm= effective modal gravity load;
Wt = total weight of structure including appurtenances and guys;
Wu = weight of discrete appurtenances in the top third of structure;
Wz = weight of structure and appurtenances within top 5% of structure he

wa = average face width of structure;
Wi = portion of total gravity load assigned to level i;

Wo = face width at base of structure;

Wz = portion of total gravity load assigned to level under consideration;
z = number designating the level under consideration.

including
determine

number

2.7.3 General
Antennas and antenna supporting
characteristics in regions of high
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criteria to insure sufficient strength and stability to resist the effects of seismic ground motions
for self-supporting and guyed antenna supporting structures.

Earthquake effects may be ignored for structures assigned to structure Class I in accordance
with Table 2-1 or for any structure located in a region where the earthquake spectral response
acceleration at short periods (S5) from 2.7.5 is less than or equal to 1.00. Further, for structures
without irregularities as described in Table 2-9, earthquake effects may be ignored when the
total seismic shear is less than 50% of the total horizontal wind load without ice. The equivalent
lateral force procedure specified in 2.7.7 may be used for all structures to calculate the total
seismic shear to be compared to wind loading for purposes of this section and for the purpose
of Section 9.6. Wind loading for this comparison shall be based on the 50-year recurrence
interval basic wind speed for the site.

When required, earthquake loads shall be evaluated in accordance with the seismic analysis
procedures specified in 2.7.4.

1. An importance factor I shall be determined from Table 2-3 based on the structure

classification listed in Table 2-1.

2. Determine an appropriate seismic analysis procedure method for the structure from
Table 2-10.

3. Determine the maximum considered earthquake spectral response acceleration
(expressed as a ratio to the acceleration due to gravity) at short periods (55) and at 1
second (51) from 2.7.5.

4. Determine the 5ite Class based on the soil properties at the site in accordance with
Table 2-11.

Modification factors Fa and Fv, based on the 8ite Class, shall be determined from Tables
2-12 and 2-13 respectively.

The design spectral response acceleration at short periods (80s) and at 1 second (801)

shall be determined in accordance with 2.7.6.

5.

6.

2.7.4 Seismic Analysis Procedures

A structural analysis, when required for earthquake loads, shall be made in accordance with one
of the seismic analysis procedure methods prescribed in Table 2-10.

Ground motions shall be considered to occur in the same directions considered for wind loading

for seismic analysis procedure methods 1,2, and 3. Torsional moments shall be included in the
analysis for structures with torsional irregularities as described in Table 2-9. The mathematical
model used for seismic analysis shall be in accordance with 3.4 and 3.5.

(Note: Load effects produced by the seismic
be determined by a geometrical non-linear

accordance with 3.5.)

Earthquake loads for structures supported on buildings or other supporting structures shall be
determined in accordance with 2.7.12.
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2.7.5 Maximum Considered Earthquake Spectral Response Accelerations

The maximum considered earthquake spectral response accelerations at short periods (5s) and
at 1 second (51) shall be as given in Annex B and Appendix 1 except as provided by 2.7.5.1.

2.7.5.1 Site-Specific Procedures for Determining Ground Motion Accelerations

For structures located in regions not included in Annex B, the maximum accelerations 5s and 51
shall be based on regional seismicity and geology and shall be expressed as a ratio to the
acceleration due to gravity. The maximum considered earthquake ground motion shall be taken
as the motion represented by assuming 5% of critical damping having a 2% probability of
exceedance within a 50 year period.

A site-specific geotechnical investigation and a dynamic site response analysis shall be used to
determine 5s and 51 for structures in all 5ite Class F locations (see Tables 2-12 and 2-13).

2.7.6 Design Spectral Response Accelerations

The design earthquake spectral response acceleration at short periods, SDS. and at 1
SD1, shall be determined from the following equations:

5Ds = 2/3 Fa 5s

5D1 = 2/3 Fv 51

where:

Fa = acceleration-based site coefficient based on site

Fv = velocity-based site coefficient based on site class and spectral response

acceleration at 1 second from Table 2-13

Note: when 85 and 81 are based on site-specific dynamic response analysis procedures,
Fa and Fv shall be equal to 1.0.

2.7.7 Equivalent Lateral Force Procedure (Method 1)

1. Determine the total weight (W) of the structure including appurtenances. For guyed masts, W
shall also include the weight of the upper half of the guy assemblies attached to the structure.

2. Calculate the total seismic shear (V s) in accordance with 2.7.7.1.

3. Distribute the total seismic shear in accordance with 2.7.7.2.

4. Analyze the structure statically using the seismic forces as external loads.

2.7.7.1 Total Seismic Shear

The total seismic
following equation:
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W.ISDS
Vs = R

than:

v = [ISm W. I
S R

When the alternate equation for Vs is used, Vs shall not be less than 0.044 80s W I and for sites
where 81 equals or exceeds 0.75, Vs using the alternate equation shall also not be less than:

v = 0.5S1 W . I

S R

where:

5Ds = design spectral response acceleration at short periods from 2.7.6

5D1 = design spectral response acceleration at a period of 1.0 second from 2.7.6

51 = maximum considered earthquake spectral response acceleration at 1 second from

2.7.5

f1 = fundamental frequency of the structure in accordance with 2.7.11

W = total weight of the structure including appurtenances, for guyed masts, W
also includes one-half the weight of guys supporting the structure

I = importance factor from Table 2-3

R = response modification coefficient equal to 3.0 for latticed self-supporting structures,
2.5 for latticed guyed masts and 1.5 for tubular pole structures

2.7.7.2 Vertical Distribution of Seismic Forces

The lateral seismic force, Fsz, induced at any level, z,

equation:

k
w h e

= z z

n k V

L w.h. e S

i=l 11

F
sz
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where:

seismicVs = total shear

n = number designating the uppermost level of the structure with regard to the
distribution of gravity loads

i = number designating the level of the structure starting from the base to the

uppermost level. .
z = number designating the level under consideration

Wz = portion of total gravity load (W) assigned to level under consideration

hz = height from the base of structure to level z

Wi = portion of total gravity load (W) assigned to level i

hi = height from the base of structure to level i

ke = seismic force distribution exponent, equal to 1.0 for structures having a fundamental
frequency of 2.0 or higher, and equal to 2.0 for structures having a fundamental
frequency of 0.4 or less. For structures having a fundamental frequency between

2.0 and 0.4, ke shall be equal to 2.0 or shall be determined by linear interpolation

between 1.0 and 2.0. Alternatively, ke may be set equal to 2.0 for any structure.

(Note: For guyed masts, one-half of the weight of guys shall be assigned to the
corresponding guy attachment points on the mast.)

2.7.8 Equivalent Modal Analysis Procedure (Method 2)
1. Calculate the fundamental frequency of the structure in accordance with Section 2.7.11.

2. Determine the seismic forces for each level of the structure in accordance with 2.7.8.1.

3. Analyze the structure statically using the seismic forces as external loads.

2.7.8.1 Determination of Seismic Forces

The lateral seismic force (Fsz) induced at each level of the structure (z) shall

the following equation:

Fsz =~~

R

where:

z = number designating the level

ANSIn-IA-222-G
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accelerationSaz =

~)2 + b (8~i
[ (8A)2 + c (805)2]1/2

Wz = portion of total gravity load (W) assigned to level under

I = importance factor from Table 2-3

R = response modification coefficient equal to 3.0 for latticed self-supporting structures,
2.5 for latticed guyed masts and 1.5 for tubular pole structures

a, b & c = acceleration coefficients determined from Figure 2-13

SA = SD1 (f 1) when f 1 ~ SDslSD1, otherwise SA = SDS

f1 = fundamental frequency of structure from 2.7.11

SDS = design spectral response acceleration at short periods from 2.7.6

SD1 = design spectral response acceleration at 1 second from 2.7.6

2.7.9 Modal Analysis Procedure (Method 3)
1. Construct a mathematical model of the structure that represents the spatial distribution of
mass and stiffness throughout the structure.

2. Conduct an analysis to determine the natural modes of vibration for the structure including
the period of each mode, the modal shape vector, and the modal mass participation factor. The

analysis shall include a sufficient number of modes to obtain a combined modal mass

participation of at least 85%. The analysis for each direction under consideration shall be based
upon established methods of structural analysis.

3. Establish the design response spectrum from 2.7.9.1.

4. Calculate the base shear (Vsm) contributed by each mode from 2.7.9.2.

5. Determine the seismic forces for each level of the structure for each mode in accordance with

2.7.9.3.

6. Analyze the structure statically using the seismic forces as external loads for each mode.

7. Combine the load effects of each mode by calculating the square root of the sum of the

squares of the modal values.

2.7.9.1 Design Response Spectrum

The design response spectrum shall be

as represented in Figure 2-14

Sam = design spectral response acceleration at period T m for the mode under

investigation

ANSlfTIA-222-G
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Tm=1/fm

fm = frequency of structure for the mode under consideration, Hertz

For T m < 4.0 sec

Sam = Sos (0.4 + 0.6 T m ITa) when T m ~ To

Sam = Sos when To < T m < T s

Sam = S011 T m when T m ~ Ts

For T m ~ 4.0 sec

2
Sam = 4S01 I T m

where:

Sos = design spectral response acceleration at short periods from 2.7.6

SO1 = design spectral response acceleration at 1 second from 2.7.6

To = 0.2 SO1/S0S

Ts = SO1/S0S

Base Shear Contributed by Each Mode

shear (Vsm) contributed by each mode shall be determined from the following

2.7.9.2

The base

equations:

Vsm =~~d
R

=~
n

L W.,h2i=1 Io/im

Wm

where:

Sam = design spectral response acceleration at period T m

Wm = effective modal gravity load

I = importance factor from Table 2-3
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R = response modification coefficient equal to 3.0 for latticed self-supporting structures,
2.5 for latticed guyed masts and 1.5 for tubular pole structures

n = number designating the uppermost level of the structure with regard to the
distribution of gravity loads

i = number designating the level of the structure

level

m = subscript denoting quantities in the mth mode

Wi = portion of total gravity load (W) assigned to level i

<l>im = displacement amplitude at the ith level of the structure when vibrating

mode

2.7.9.3 Seismic Forces Contributed by Each Mode

The seismic forces (Fzm) at each level of the structure (z) for each mode (m) shall be

determined in accordance with the following equation:

Fzm = Czm Vsm

where:

C =~~

zm n

.rWj<J>im

1=1

z = number designating the level under consideration

Czm = seismic force distribution factor for the mth mode

V sm = portion of the base shear contributed by the mth mode

Wz = portion of total gravity load (W) assigned to level z

wi = portion of total gravity load (W) assigned to level i

<!>zm = displacement amplitude at level z when vibrating in the mth mode

<!>im = displacement amplitude at level i when vibrating in the mth mode

2.7.10 Time-History Analysis (Method 4)
1. Construct a mathematical model of the structure that represents the spatial distribution of
mass and stiffness throughout the structure considering structural damping to be equivalent to
5% of critical damping.

ANSlfTIA-222-G
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2. Select two orthogonal horizontal ground-motion time-histories from not less than three
recorded events compatible with the seismicity of the site or alternatively generate a simulated
ground-motion time-history in accordance with acceptable earthquake engineering methods.

3. For each horizontal component, construct a 5% response spectrum. Combine the response
spectra for each pair of horizontal components using the square root of sum of squares (SRSS).
Average the resulting combined spectra. Scale the horizontal ground-motion components such
that the averaged combined spectrum is not less than 1.3 times the design response spectrum
calculated in accordance with 2.7.9.1 multiplied by the importance factor for the structure. The
scaling factor shall be applied to all ground-motion components.

4. Perform a time-history analysis for each event in accordance with acceptable methods of
structural analysis using the two scaled simultaneous ground-motion components. When the
horizontal distance between the base of a guyed mast to a guy anchor point exceeds 1000 ft
[300 m], out-of-phase excitation of the anchor point shall be included in the analysis. The time
delay shall be calculated using the design shear wave velocity in the soil at the site and the
distance between the base and the guy anchor point.

5. Determine the load effects for design by selecting the maximum values from the time -history
analyses.

2.7.11 Fundamental Frequency of Structure (f1)
The fundamental natural frequency of the structure (f1) in the direction under consideration shall
be determined using the structural properties and deformational characteristics of the resisting
elements. In lieu of a formal analysis, the fundamental natural frequency of a structure may be
determined in accordance with 2.7.11.1 through 2.7.11.3.

2.7.11.1 Self-Supporting Latticed Structures

f 1 = ~~i~ [==~= Hertz
h2 VW~~~

where:

W1 =w[(~)' +0.15]

Ks = 4540 for hand wa in feet and 1500 for hand wa in meters

W = total weight of the structure including appurtenances

W2 = weight of structure and appurtenances within top 5% of the structure height

wa = average face width of structure, ft [m]

Wo = face width at base of structure, ft [m]

h = height of structure, ft [m]
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2.7.11.2 Self-Supporting Pole Structures

1 3Elavg9f = - Hertz1 2TT L 3 (W u + O.236W L )

where:

E = modulus of elasticity of structure material, ksi [MPa]

lavg = (Itop + Ibov / 2, in4 [mm4]

Itop = moment of inertia at top of structure, in4 [mm4]

Ibot = moment of inertia at base of structure, in4 [mm4]

Wu = weight of discrete appurtenances in the top third of structure, kips [N]

WL = Wt - Wu, kips [N]

Wt = total weight of the structure including appurtenances, kips [N]

L = height of pole structure, in [mm]

g = acceleration due to gravity, in/s2 [mm/s1

Guyed Masts2.7.11.3

T"K:f1 = Cgv~ Hertz

where:

Cg = 176.5 [8.70]

- "[ Ni(AgiXGriXHgj)
]-L

i;1 h(Lgj)2
Kg

Kg = equivalent stiffness of guys

Wt = weight of structure including appurtenances and the total weight of all guys, kips

[kN]

n = number of guy levels

i = number designating guy level starting from the base to the uppermost guy level

Copyright Telecommunk;ations Industry Assoc_1ion
Provkted by IHS under Ilcenoe w~h EIA. . -,--"~-"" u~

ANSI/TIA-222-G
Addendum 1

36
Sold to:DAVID ELLIS. WQ430496
?OO7/7/?R 114.":~ GMT



Ni = number of guys at guy level i

Agi = area of an individual guy at level i, in2 [mm1

Gri = average guy radius for guys at level i, ft [m]

Hgi = height above base to guy level i, ft [m]

h = height of structure, ft [m]

Lgi = average chord length of guys at level i, ft [m]

Itively, the following simplified equation may be used:Alternatively, the following

f1 = Km [J;

where:

Km = 122 [50]

h = height of structure,

2.7.12 Structures Supported on Buildings or Other Supporting Structures
Earthquake loads for structures less than or equal to 100 ft in height, with no mass or stiffness
irregularities in accordance with Table 2-9, may be evaluated in accordance with the procedure
specified in 2.7.7 (Method 1) multiplied by an amplification factor as specified in 2.7.12.1.

Interaction effects between the structure and the supporting structure shall be considered for
structures with mass or stiffness irregularities and for structures over 100 ft in height. Rational

methods that account for the dynamic characteristics of the structures shall be used for these

structures and may be used for any supported structure to determine earthquake loads,

however, earthquake loads shall not be less than 80% of the earthquake loads determined in

accordance with 2.7.7.

2.7.12.1 Amplification Factor

The earthquake loads determined in accordance with the procedures specified in 2.7.7 (Method
1) shall be multiplied by an amplification factor (As) as follows:

For self-supporting or guyed structures, the amplification factor shall be equal to 3.0.

For structures bracketed to the supporting structure at the mid-height of the structure or above,
the amplification factor shall be equal to 1.0.

For structures bracketed to the supporting structure below the mid-height of the structure, the
amplification factor shall be equal to 3.0 or may be linearly interpolated between 3.0 and 1.0
based on the elevation of the bracket with respect to the mid-height of the structure.
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2.8 Serviceability Requirements

2.8.1 Definitions

Displacement: the horizontal displacement under service loads of a point from the unfactored
no-wind load position.

Service loads: the loading combination used to calculate serviceability limit state deformations.

Sway: the angular rotation under service loads of an antenna beam path in the local vertical
plane of the antenna from the unfactored no-wind load position.

Twist: the angular rotation under service loads of an
ntennaplane of the a from the u

2.8.2 Limit State Deformations
The deformations under service loads at any point on a structure, unless otherwise required,
shall not exceed the following:

1. A rotation of 4 degrees about the vertical axis (twist) or any horizontal axis (sway) of the
structure.

2. A horizontal displacement of 3% of the height of the structure.

3. For cantilevered tubular or latticed spines, poles or similar structures mounted on latticed
structures, a relative horizontal displacement of 1.5% of the cantilever height measured
between the tip of the cantilever and its base.

2.8.3 Service Loads
Service loads shall be defined by the
wind speed:

1.0 D + 1.0 D9 + 1.0 Wo

The horizontal wind forces for determining service loads shall be based on an importance factor,
I, of 1.00, and a directionality factor, Kd, of 0.85 for all structures. The velocity pressure
coefficient, Kz, the gust effect factor, Gh, and the topographic factor, Kzt, shall be equal to the
values for the strength limit state condition.
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in the local horizontal
no-wind load position.nfactored

combination for a 60 mph [27 m/s] basicfollowing loading

(Refer to 2.3.1 )
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Structure Wind Load Wind Load Ice Earthquake
Class Without Ice With Ice Thickness

I 0.87 N/A N/A N/A
II 1.00 1.00 1.00 1.00
III 1.15 1.00 1.25 1.50

Note: Ice and earthQuake loads do not aoolv to Class I structures
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Table 2-1
Classification of Structures

Table 2-2
Wind Direction Probability Factor

Table 2-3
Importance Factors
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Topographic Kt f

Category

2 0.43 1.25
3 0.53 2.00
4 0.72 1.50

ANSlfTIA-222-G

Table 2-4
Exposure Category Coefficients

2-5

Table 2-6
Wind Direction Factors
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Table 2-7
Force Coefficients (CF) for Pole Structures
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Table 2-8
Force Coefficients (Ca) For Appurtenances
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Table 2-10 Seismic
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Procedure MethodsAnalysis
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Table 2-12 Acceleration-Based Site Coefficient,

Linear interpolation is allowed between values shown.

Note 1: Site-specific procedures required in accordance

Note 1:

ANSlfTIA-222-G
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Fa

with 2.7.5.1.

46





ANSI/TIA-222-G

[3" 05 c' t c
"1 MMJ yp..12"..

Figure 2-3: Face Zone for

~

48



(!:"I-'A)T

'

I >
"""'~ 1;_- "~~'"

~

e ':C'j"'~C
~EPA)N

~~~

/

BACK FACE

<EPA)N

<EPA)T

NOTE: (EPA)N AND (EPA)r REPRESENT THE EFFECTIVE PROJECTED AREAS OF THE
THE WINDWARD NORMAL AND TRANSVERSE FACES OF THE APPURTENANCE.

ANSlfTIA-222-G

~

(EPA)N

~

OF-
FACE

FACE

AZIMUTH OF
NORM~~f"AC~

APPURTENANCE FOR

Figure 2-4: Wind Force

49



SUPPORTlNG

ANSI/TIA-222-G

1/""/",,
SECTION A-A

CROSS

PLANE FRAME TYPE MOUNTING FRAMES

[ZJ
SEmON B-B

SECTION C-C

TYPETRUSS

50



6
0.80 SHIELDING FACTOR

(MINIMUM OF 3 MOUNTING

~

0
0.75 SHIELDING FACTOR Kat APPLIES

MINIMUM OF 3 MOUNTING FRAMES REQUIRED)

Figure 2-6: Multiple Mounting I

Copyright TelecommunK:ations Industry Assoc..tK>n
Provided by IHS under ilGense with EIA
"n ,~""","';nn n, n"'~..;nn ~'m""'" ~;".,... I.."n~ f~ "'"

ANSI/TIA-222-G
Addendum 1

~

""" A MOUNTING FRAME

(TYP.)

~~~~

/

~~~~

"""

~~~~~~~~~~

51
Sold lo:DAVID ELLIS, W0430496
OM7/7!?I; ".,,"" ~"T

~~



SECTION A-A
(TRUSS TYPE)
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3.0 ANALYSIS

3.1 Scope
This section defines: (i) the minimum acceptable analysis models and techniques, and (ii) the
requirements to account for the dynamic effects of wind gusts.

3.2 Definitions
For the purposes of this Standard, the following definitions apply.

Guyed mast: a latticed or pole structure with supporting guys.

Mast span: the distance between the base and the first guy level, the distance between two

successive guy levels, or the distance above the top guy level to the top of the structure
cantilever span).

Mean wind conversion factor. m: a factor used to determine the mean hourly wind pressure.

Symbols and Notation
horizontal design wind force for appurtenances;
horizontal design wind force on the structure;
width of segment of structure;
height of a guyed mast;

3.3
FA =

FsT =

fwi =

h =

hi =

m =

P-f1 =

height of segment of structure;
mean wind conversion factor;
effects of displacement on member forces;

velocity pressure.

3.4 Analysis Models
The minimum acceptable models of analysis are as follows:

(a) Self-Supporting Latticed Towers

1. An elastic three-dimensional truss model made up of straight members

joints producing only axial forces in the members.

An elastic three-dimensional

type bracing horizontals without
producing both moments and axial
which are subjected primarily
producing only axial forces in the members.

(b) Self-Supporting Pole Structures

An

three-dimensional

in the pole structure. Unless the analysis
element, the minimum number of beam
maximum beam element length shall not
Note: Due to modeling complexity (e.g.

the stresses obtained from such
the beam-column model noted above.

models,
from
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pin connected at

~

continuous members (legs, K-
as 3-D beam elements

while the remaining members
loads may be modeled as 3-D truss elements

in the
to axial

~~~

producing moments, shears and axial forces
considers second order effects within eachmodel

and the

shell

per pole sectionfive

. ..) of plate or

obtainedthe
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(c) Guyed Masts

An elastic three-dimensional beam-column where the mast is modeled as equivalent

three-dimensional beam-column members supported by cables represented either as

non-linear elastic supports or cable elements. This analysis produces moments, shear
and axial forces in the mast, which results in individual member forces.

1.

2. An elastic three-dimensional truss model where individual members of the mast are

modeled as straight members connected at joints producing only axial forces in the
members. The cables are represented as cable elements.

3. An elastic three-dimensional frame-truss model where continuous members (legs) of the

mast are modeled as 3-D beam elements producing both moments and axial forces in

the members while other members may be modeled as 3-D truss members. The cables

are represented as cable elements.

3.4.1 Application of wind forces to Latticed Structures
The horizontal design wind force on the structure, FST, shall be equally distributed to each leg
joint of the cross-section at the panel points for three-dimensional truss or frame-truss models.

The horizontal design wind force, FA, for appurtenances shall be distributed to each leg joint

according to the location of the appurtenance (i.e. lateral load and torsion considered).

Local bending shall be considered for structural components supporting appurtenances that are
supported in the middle half of the component. For main bracing members, under this

condition, local bending shall be considered for the condition of wind normal to the plane of the

bracing members with no axial member load considered.

Note: Weight and earthquake forces shall be distributed and considered in a similar manner.

3.5 Displacement Effects
The analysis of all structures, except as provided herein, shall take into account the effects of
displacements on member forces (P-~ effects). For guyed structures the effects of
displacements of the guy points as well as the effects of displacements between guy points
shall be considered. For finite element beam-column models, unless the analysis model
considers second order effects within each element, the minimum number of beam elements
between guy levels shall be equal to five. p-~ effects need not be considered for self-

supporting latticed towers with heights less than 450 ft [137 m] provided that the height to face

width ratios, hj/fWi, are less than 10 as shown in Figure 3-1.

3.6 Wind Loading Patterns
To account for the dynamic effects of wind gusts, the

considered for the strength limit state condition: (refer

Self-Supporting Towers3.6.1 Latticed

When the apex by the
the of the tower

be investigated for load combination

defined
withinlies height

follows:

ANSlfTIA-222-G

wind loading patterns shall be
3-3)

projection of the inclined legs of a
(refer to 3-2), the following

1 as in 2.3.2 by varying

towerself-supporting
shallwind

the velocity pressure as
patterns
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Full velocity pressure over the entire height of the structure.

Full velocity pressure below the apex point and mean velocity
point.

1.

2.

3. Full velocity pressure above the apex point and mean velocity pressure below the apex

point.

The mean velocity pressure shall be determined by multiplying the velocity pressure, (qz per

2.6.9.6) by the mean wind conversion factor, m, from Table 3-1.

The above loading patterns shall apply for each apex point in towers with multiple legs slopes

that differ by more than 1 degree in adjacent sections. All combinations of wind loading patterns

shall be considered when determining maximum load effects.

3.6.2 Guyed Masts

For guyed masts with three or more spans and with at least one mast span greater than 80 feet
[24 m] within the top one-third of the height of the structure, the following wind loading patterns
(refer to Figure 3-3) shall be investigated for load combination 1 as specified in 2.3.2 by varying
the velocity pressure as follows:

1. Full velocity pressure over the entire height of the structure. For masts greater than 450
feet [137 m] in height, full wind pressure over the entire structure need not be considered
when pattern loading is investigated.

2. Mean velocity pressure on the top mast span and full velocity pressure on the remaining

Mean velocity pressure on the second mast span from the top and full velocity pressure3.
on the remaining spans.

4. Mean velocity pressure on the third mast span from the top and full velocity pressure on
the remaining spans

The mean velocity pressure shall be determined by multiplying the velocity pressure, (qz per
2.6.9.6) by the mean wind conversion factor, m, from Table 3-1. Full wind pressure shall be

applied to guys for all pattern loadings.

For masts with cantilevers (e.g. broadcast antenna structures, spines, or the mast itself),

the cantilevers shall be considered as the top span.
For masts where the total length of the top three mast spans is less than one-third the

height of the structure, the above wind loadings patterns shall be continued for each
subsequent span until the total length of the considered spans is greater than one-third
the height of the structure (refer to figure 3-3).
When the distance between two guy elevations is less than 3 times the larger face width
between the guy elevations, the wind pressure patterns shall extend to the mid-point of

the two guy elevations. The short span shall not be considered as an independent span
for purposes of this section.

1.

2.

3.
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3.7 Mast Shear and Torsion Responses for Guyed Masts
For all latticed masts, the mast face shear in a non-cantilever span due to mast shear and

torsion shall not be less than 40% of the maximum absolute value of the face shear in the span.

For all tubular masts, the mast shear in a non-cantilever span shall not be less than 40% of the

maximum absolute value of the shear in the span.

ANSI/TIA-222-G
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Note: Max
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Table 3-1: Mean Wind Conversion Factor

Exposure Mean Wind
Category Conversion

Factor (m)
B 0.55

C 0.60

0 0.65

h1

h2

fw1

h1 h2
of- or-

fw1 fw2

height
face width

Figure 3-1 : to Width Ratios
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Figure 3-3: Pattern Loading for Guyed Masts
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4.0 DESIGN STRENGTH OF STRUCTURAL STEEL

4.1 Scope
This section relates to the strength design of structural steel angles, solid rounds and tubular
members used in latticed towers, poles and guyed masts. The following clauses are based on
the AISC-LRFD-99. When the requirements in AISC-LRFD-99 differ from this Standard, this
Standard shall govern. If other shapes or types of structures are utilized, the requirements of
AISC-LRFD-99 shall be used.

Cold formed light gauge steel structural members not covered by this Standard shall conform to
the requirements of AISI-2001 "North American Specification for the Design of Cold-formed
Steel Structural Members", hereafter referred to as the AISI Specification.

4.2 Definitions

Effective length factor: a factor, K, to modify the unbraced length, L, to take into account the
structural configuration and end conditions.

Effective slenderness ratio: the slenderness ratio modified to take into account the structural
configuration and end conditions for the purpose of calculating the design compression strength.

Line of action: a line that is parallel to the longitudinal axis of a member that passes through
the centroid of the bolt group connecting the member to another member.

In-plane buckling: direction
structure.

Out-at-plane buckling: direction of buckling considered normal to the face of a latticed I
structure.

Panel points: the centerline location of bracing member connections to a leg.

Radius at gyration: the square root of the moment of inertia about the axis of buckling under
consideration divided by the area of a member.

Slenderness ratio: the ratio of the unbraced length,
r.

Slip-critical connection: a bolted joint governed by shear using oversized or slotted holes

parallel to the line of force.

Secondary members: members used primarily to reduce the unbraced length of a supported

member.

Unbraced length: the length between panel points or nodes providing restraint, which may
vary for different planes of buckling depending on the bracing pattern. For leg members, L shall
not be less than the centerline distance between panel points. For bracing members, L shall not
be less than the length between the centers of connecting bolt or weld patterns.

Weak axis buckling: direction of buckling considered about the weak principal axis of a

member.
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by the face of a latticedof buckling considered in plane defined

L, to the corresponding radius of gyration,
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4.3 Symbols and Notations

aj = separation ratio;
Ac = column slenderness parameter;

11 = coefficient of friction;
~ = resistance factor for connections;

~ a = resistance factor for axial compression or tension;
~c = resistance factor for compression;

~f = resistance factor for flexure;

~n = resistance factor for yielding under normal stress;
~p = resistance factor for connecting elements;
<I>t = resistance factor for tension;
~T = resistance factor for torsion;

~v = resistance factor for shear;

A = An for bolted members, and Ag for welded members;
Ab = nominal unthreaded body area of bolt;

Aen = effective net area;
Ag = gross area of member;
Agt = gross area subject to tension;
Agv = gross area subject to shear;
An = net area of a member;

Ant = net area subject to tension;
Anv = net area subject to shear;
Apb = projected bearing area of a link plate;

Asf = effective shear area of a link plate;
a = shortest distance from the edge of the pin hole to the edge of the member measured

parallel to the direction of the force;

aj = distance between connectors;

a.-1- = slenderness ratio of individual components;
'ib

~ = largest slenderness ratio of individual components;

,

I

81 = moment amplification factor;

b = width of angle leg;
beff = effective edge distance of a link plate;

c = distance from neutral axis to extreme fiber;

D = outer diameter of tubular member;

d = nominal bolt or pin diameter;

E = modulus of elasticity of member;

F cr = critical stress;

Fs = axial design compressive force in the supported member;
Fu = specified minimum tensile strength of the critical connected part;

FUb = specified minimum tensile strength of bolt;
Fy = specified minimum yield strength;

F'y = effective yield stress;

F'yt = effective yield stress for flexural loading;
F"y = effective yield stress based on lateral torsional buckling;
g = transverse center to center spacing (gage) between fastener gage lines;
h = distance between centroid of individual components of the built-up member;
Iw = moment of inertia about the major principal axis;
J = polar moment of inertia;

ANSlfTIA-222-G
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= effective length factor;
= effective slenderness ratio;

: effective slenderness ratio of built-up member acting as a unit;

K
KUr

(-7)0

(-7)m
slenderness ratio of built up member;

= laterally unbraced length of member;
= lateral unbraced length;
= torsional unbraced length;
= slenderness ratio of member;
= clear distance, in direction of force, between

edge of the material;
= nominal flexural strength;
= nominal flexural strength about the x-axis;
= nominal flexural strength about the y-axis;
= nominal flexural strength about the major principal
= nominal flexural strenQth about the

= modified effective

L
LB
LT
L/r
Lc

Mn

Mnx

Mny
Mnw

Mnz

Mu

Muw

Muz

Nt
n

p

Pe

PI

Pn

Pr

Ps

Pu
r

ri

rib

= flexural moment due to factored loads;
= flexural moment about the major
= flexural moment about the minor
= flexural to torsional unbraced length
= number of threads per inch;
= pitch of threads;
= elastic Euler buckling load;
= nominal strength of a link plate;
= nominal axial strength;
= resistance required at a panel point within a face of a latticed structure;
= minimum bracing resistance normal to the supported member;
= axial compressive force due to factored loads;
= governing radius of gyration about the axis of buckling;
= minimum radius of gyration of an individual component of a built-up
= radius of gyration of individual component about its centroidal axis parallel to the axis

of buckling under consideration for the built-up member;
= governing radius of gyration about the x axis of buckling;
= governing radius of gyration about the y axis of buckling;
= governing radius of gyration about the z axis of buckling;
= nominal bearing strength at bolt or attachment holes;
= nominal strength of connecting element;
= nominal tensile strength of bolt or anchor rod;
= nominal shear strength of bolt or anchor rod;
= minimum elastic section modulus;
= elastic section modulus to the leg tip about the major principal axis;
= elastic section modulus to the leg tip about the minor principal axis;
= longitudinal center to center spacing (pitch) of any two consecutive
= nominal torsional strength;
= torsional moments due to factored loads;
= bolt tensile force due to factored loads;
= thickness of the member or of the critical connected part;
= reduction factor for effective net area calculation;
= nominal shear strength;
= bolt shear force due to factored loads;
= transverse shear force due to factored loads;
= net width of the part;

rx

ry
rz
Rn

Rnp
Rnt
Rnv
S

Sw
Sz
s
Tn
Tu
Tub
t
U
Vn
Vub
Vu
Wn
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axis;
axis;minor principal

loads;
loads;

member;

holes;
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= width of flat element of a
= connection eccentricity;
= plastic section modulus.

w

x

Z

4.4 General

4.4.1 Minimum Bracing Resistance

In order to consider a reduction in the unbraced length of a supported member at a node or
panel point, bracing and secondary members shall provide a minimum resistance, Ps, normal to
the supported member (in both directions) in the plane of buckling under consideration. Ps shall
be determined in accordance with the following:

KL

(--60) F
P =[1.5+ r ]~

s 60 100

Fs Fs

1.5-~~ ~2.5-

100 100

Fs = axial design compressive force in the supported member

where:

KL/r = effective
under consideration

The resistance required for leg members at a panel point within a face of a tower, Pr, shall be
determined from Table 4-1.

The minimum required design strengths of multiple
a face shall be determined from Table 4-2.

A secondary diagonal member that is connected to either end of a horizontal secondary

member shall have a minimum design strength equal to one-half of the required design strength
of the horizontal divided by the cosine of the angle between the members (refer to Table 4-2)

unless a more rigorous analysis is performed.

Note: the minimum resistance, Ps need not be considered in conjunction with any loading
combination.

4.4.2
The slenderness ratio, Ur, shall

(a) 150 for leg members,
(b) 200 for main compression members other than leg members,
(c) 250 for secondary members, and

300 for tension members, except for(d)

ANSlfTIA-222-G
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4.4.3 Design Values for Yield and Tensile Strength

For design purposes, the minimum nominal values for the yield strength
strength for the type and grade of steel specified shall be used.

4.4.4 Normal Framing Eccentricities

4.4.4.1 Leg Members

Eccentricities shall be considered unless the following conditions are met:

(a) For solid round and tubular leg members, the lines of action of the bracing members
meet at a point within the diameter of the leg.

(b) For angle leg members, the lines of action of the bracing members meet at a point
within a distance equal to 75% of the angle width b, on either side of the centroid of
the angle.

(c) For built-up leg members, the lines of action of the bracing members meet at a point
within the cross-section of the built-up leg.

4.4.4.2 Members

The effective slenderness ratio formulas specified in 4.5.2 account for the effects of eccentric
axial loading for angles connected by one leg with normal framing eccentricities. Normal

framing eccentricity shall be defined as the condition where the centroid of the bolt or weld
group is located between the heel of the angle and the centerline of the connected leg of the
member. When a joint eccentricity exceeds this condition, the bracing member resistance shall
be multiplied by the factor b/2g, where "b" is the width of the connected leg and 109", is the

distance from the heel of the angle to the centroid of the connection. If the width of the

connected leg is 3 in. [76 mm] or less or the slenderness ratio, L/r, is greater than 120, the
reduction factor need not be applied.

For tubular and other shapes, which have similar eccentric connections to angles, the same
effective slenderness ratio formulas given in 4.5.2 shall be used.

4.5 Compression Members

4.5.1 Leg Members

The effective slenderness ratios, KUr, for leg members shall be as provided in Table 4-3. The
minimum effective length factor, K, shall be equal to 1.0 for latticed structures.

4.5.2 Bracing Members

The effective slenderness ratios, KUr, for bracing members shall be determined taking into
account the loading condition, bracing pattern, member end restraints and framing
eccentricities. Effective slenderness ratios, (KUr), shall be determined from Table 4-4, except

for round members welded directly to leg members where the effective length factors, K, shall

be taken from Table 4-5. Effective lengths and slenderness ratios for commonly used bracing
patterns are shown in Tables 4-6 and 4-7. Effective length, L, shall be the distance between the

centroids of the end connections.
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A single bolt shall not be considered as providing partial restraint against rotation. It is

permissible to consider a multiple bolt or welded connection to provide partial restraint if the

connection is to a member capable of resisting rotation of the joint.

A multiple bolt or welded connection made only to a gusset plate without also being connected

directly to the member providing restraint (i.e. leg member) shall not be considered to provide

partial restraint in the out-of-plane direction.

4.5.2.1 Cross Bracing

The crossover point when connected shall be considered to provide support resisting out-of-
plane buckling under anyone of the following conditions:

(a) One of the diagonal members is continuous and the force in the tension member is at

least 20 % of the force in the compression member.

(b) Triangulated horizontal plan bracing (Fig. 4-2) is provided at the intersection point with
sufficient resistance as defined in 4.4.1.

(c) A continuous horizontal member meeting the following criteria is connected at the

crossover point:

i. The continuous horizontal has sufficient strength to provide resistance to the leg as
defined in 4.4.1.

ii. The strength of the continuous horizontal is determined ignoring the out-of- plane
buckling resistance of the diagonals.

Otherwise, the crossover point shall not be considered as providing support resisting out-of-
plane buckling. (Refer to Table 4-6).

When there are no diagonal members continuous through the crossover point, either of the
following conditions shall be satisfied:

(d) Triangulated horizontal plan bracing with sufficient resistance as defined in 4.4.1 is
provided at the crossover point.

(e) A continuous horizontal with sufficient strength as defined in (c) above is provided

through the crossover point.

4.5.2.2 K- Type or Portal Bracing
Triangulated plan bracing shall be provided at the bracing apex point with sufficient resistance

as defined in 4.4.1 when the horizontal member is not a continuous member.

When triangulated plan bracing is not provided with a continuous
unbraced length of the horizontal shall be considered to be 0.75
horizontal. The horizontal member shall have sufficient strength to
as defined in 4.4.1 determined using the full length of the horizontal.

4.5.2.3 Cranked K Type or Portal Bracing

Triangulated internal hip bracing, with sufficient resistance as defined
at the main diagonal bend. (Refer to Figure 4-1).

4.5.3 Built-Up Members

Individual components of

connected to one another at

horizontal, the out-of-plane
times the total length of the
provide strength to the legs
(Refer to Table 4-7).

in 4.4.1, shall be provided

built-up members composed of two or more shapes shall be
intervals, ai, such that the maximum slenderness ratio (ai/ru of each
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of the component shapes between the connectors does not exceed
effective slenderness ratio of the built-up member.

A minimum of two bolts shall be used at each intermediate connector point when the connected
width (i.e. connected leg width of a double angle) of a compression member exceeds 4 in. [102

mm].

For buckling modes that involve
connectors (e.g. buckling about the
effective slenderness ratio shall be

(a) For end conditions that are welded or fully-tensioned bolted (70% of the ultimate tensile bolt

strength), or with two or more snug-tight bolted connectors:

i. For intermediate bolted connectors that are snug-tight:

= (~X+(~)'
(7)m

ii. For intermediate connectors that are welded or fully-tensioned bolted according to

AISC-LRFD-99:

2 2 ( )2

= (~ ) + 0.82 aj 2 ~
r 0 N rib(7)m

where:

(7)0
effective=

(7)m
= modified

= largest slenderness ratio of individual

= slenderness ratio of individual components relative to its centroidal axis

parallel to the axis of buckling under consideration for the built-up member

= distance between connectors

= minimum radius of gyration of

8.I

f.
I

8 I

fib

aj

rj

rib
= radius of gyration of individual component about its centroidal

axis of buckling under consideration for the built-up member

= separation ratio = h/2rib
(Xi

ANSlfTIA-222-G

100% of the governing

relative deformations that produce shear forces in the
axis parallel to the back-to-back legs for double angles), the

modified by the following equations:

~~~~

acting as a unitofratio

~

slenderness ratio of built up membereffective

~

components

parallel to the

72



h = distance between centroid of individual components perpendicular to the axis of
buckling under consideration for the built-up member

(b) For end conditions that use a single snug-tight connector:

(7 ) = U~b

When lacing is used to connect built-up compression members consisting of two or more
components, the lacing shall be triangulated and extend the full length of the member. Built-up
compression members without triangulated lacing shall be modeled as a Vierendeel truss
considering combined bending and axial forces in accordance with 4.8. The design strength of
the bracing system shall be capable of providing the resistance, Ps, as required in 4.4.1.

4.5.4

4.5.4.1

Design Compression Strength

Effective Yield Stress

For 600 and 900 angle members, the effective yield stress for axial compression, F'y, shall be

determined as follows:

~wit ~ 0.47

[f < wit ~ 0.85 [f
VFy VFy

0.47

0.85 rK < wit ~ 25
VFy

The width to thickness ratio (wIt) shall not exceed 25 for angle members (refer to Figure 4-3).

For solid round members, the effective yield stress, F'y, shall be equal to Fy.

For tubular round members, the diameter to thickness ratio (O/t) shall not exceed 400. The
effective yield stress, F'y, shall be determined as follows:

O/t ~ 0.114 E/Fy

0.114 E/Fy < O/t S 0.448 E/Fy

0.448 E/Fy < O/t ~ 400
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( wIt JOA7~E/:"F;
F'y = [1.677-0.677 ] Fy

F'y = [0.0332 n2 E/(w/t)1

F' - Fy - y

( OoO379E + ~)F(D/t)Fy 3 yF'y =

O.337E

(Oft)
F'y =
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where:

0 = outer diameter of tubular member
t = wall thickness of tubular member

E = Elastic modulus of the tubular member

For polygonal tubular steel members, the maximum
yield stress, F'y, shall be determined from Table 4-8.

For other shapes. the effective yield stress, F'y, shall be determined in accordance with AISC-
LRFD-99 Chapter B.

4.5.4.2 StrengthDesign Axial

The design axial strength of compression members shall be

Cl>c = 0.90
Pn = AgFcr

(a) For Ac ~ 1.5

2

Fcr = (0.658'"c )F'y

(b) For Ac > 1.5

F = [.Q~ ] F' cr j.,2 Y

c

where:

Ac = ~ ~
rn VE

= gross area of member, in2 [mm2]

= effective yield stress, ksi [MPa]

= modulus of elasticity, ksi [MPa]

= effective length factor

F'y

E

K

L

r

= laterally unbraced length of member, in. [mm]

= governing radius of gyration about the axis of buckling, in. [mm]

Section E3 of AISC-LRFD-99 for flexural torsional buckling need
angle members of either 90 degree or 60 degree cross sections.
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4.6 Tension Members

4.6.1 Built-up Members

The longitudinal spacing of connectors between components of built-up members
two or more shapes, shall preferably limit the slenderness ratio in any component

connectors to 300.

4.6.2 Tension-Only Bracing Members

Welded end tabs for tension-only bracing members shall be detailed to develop the design
strength of the member based on yielding of the gross section of the member. The member
shall be detailed with draw such that the member is in tension when installed.

4.6.3 Design Tensile Strength
The design axial tensile strength, <!>tPn, of a member shall be taken as the lesser of yielding in
the gross section, rupture in the net effective section, or block shear rupture.

For tension yielding in the gross section:

<Pt = 0.80 for guy anchor shafts

<Pt = 0.90 for other members

Pn = FyAg

For tension rupture in the effective net section:

<Pt = 0.65 for guy anchor shafts

<Pt = 0.75

Pn = Fu Aen

For block shear rupture:

<Pt = 0.65 for guy anchor shafts

<Pt = 0.75 for other members

when: Fu Ant ~ 0.6 Fu Anv

Pn = 0.6 Fy Agv + Fu Ant ~ 0.6FuAnv+FuAnt

when: 0.6 Fu Anv > Fu Ant

Pn = 0.6 Fu Anv + Fy ~ ~ 0.6FuAnv+FuAnt

where:

Ag = gross area
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Aen = effective net area

Agv = gross area subject to shear

Agt = gross area subject to tension

Anv = net area subject to shear

Ant = net area subject to tension

4.6.3.1 Net Area

The net area of a member, An,
the net width of each element

In computing the net area of the section, the width of the bolt hole shall be taken as 1/16 in. [2
mm] greater than the nominal dimension of the hole.

diagonal or zigzag line, the net width of the
the sum of the diameters or slot

space in the chain, the quantity

For a chain of holes extending across a part in any
part, Wn, shall be obtained by deducting from the gross
dimensions of all holes in the chain, and adding, for each
s2/4g in accordance with the following:

An = Wn t +(S2 t) /(4g)

where:

s = the longitudinal center to center spacing (pitch) of

g = the transverse center to center spacing (gage)

4.6.3.2 Effective Net Area

When a tension force is transmitted directly to each of the member's
by fasteners or welds, the effective net area, Aen, is equal to the net area An-

When a tension force is transmitted by fasteners or welds through some, but not all of the cross-

section elements of the member, the effective net area, including shear lag effects shall be

taken as:

Aen=AU

where:

A = An for bolted members, and Ag for welded members

U = a reduction factor = 1-x/Lc where O. 75 ~ U ~ 0.9

connection eccentricity (distance
centroid of the member)

x=

ANSlrrIA-222-G
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Lc = length of the connection in the direction of loading (center to center of outside

holes or the length of weld in the direction of loading).

Notes:
1) For single bolted members U shall be equal to 0.75.
2) Alternatively, when the outstanding leg of a member is ignored

need not be less than 1.0.

4.7 Flexural Members

The design flexural strength shall be taken as, <l>tMn:

4>f = 0.9
Mn = nominal flexural

Note: Bracing members connected with normal framing eccentricities as defined in 4.4.4.2 need
not be considered as flexural members.

4.7.1 Solid Round Members

For solid round members, Mn shall be determined as follows:

Mn = Fy'Z

where:

Fy' = effective yield stress as determined from 4.5.4.1

Z = plastic section modulus

4.7.2 Tubular Round Members

For tubular round members, the diameter to thickness ratio (O/t) shall not exceed 400. Mn shall

be determined as follows:

D E

-~0.0714-

t Fy

E D E

0.0714- < - ~ 0.309-
Fy t Fy

E D

( 0.330 E

)0.309-:r:-; < t ~ 400 Mn = -~t) S

where:

diameterD = outer

t = wall thickness of

E = modulus of elasticity, 29,000 ksi

ANSlfTIA-222-G
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S = elastic section modulus

Z = Plastic section

members,For polygonal tubular

Mn = F'yS

where:

F'y = effective yield stress as determined
S = minimum elastic section modulus

4.7.4 Single Equal Leg Angle Members

For 600 and 900 single angle members, bending
principal axes of the member.

4.7.4.1 Effective Yield Stress
Effective yield stress for flexural loading, F'yf, based on local buckling shall be determined in

accordance with the following:

where:

b = width of angle leg

t = thickness of angle

E = modulus of elasticity, 29,000 ksi [200,000 MPa]

Fy = steel yield strength, ksi [MPa]
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Effective yield stress, F"y, based on lateral torsional buckling shall be determined in accordance
with the following:

LB < LT

LB ?; LT

LB/= /Lrwhere: Nt

LB = lateral unbraced Length

Eb3t2L T = 3F;I:-

Iw = moment of inertia about the major principal axis

Nominal Flexural Strength

Mnw = F'yfSw or F"y Sw whichever is smaller

Mnz = F'yf Sz when leg tips are subjected to compression due to applied moment about

the weak principal axis

Mnz = 1.5F ySZ when leg tips are subjected to tension due to applied moment about the

weak principal axis

where:

Mnw = nominal flexural strength about the major principal axis

Mnz = nominal flexural strength about the minor principal axis

Sz = elastic section modulus to the leg tip about the minor principal axis

Sw = elastic section modulus to the leg tip about the major principal axis

Bending about the major and minor axes shall be combined in accordance with 4.8.1.2.

4.7.5 Other Members
For other shapes, the design flexural design strength shall be determined in accordance with

AISC-LRFD-99 Chapter F.
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4.8.1 Latticed Structures
Factored moments, Mu, shall be multiplied by an amplification
following, to account for secondary moments in individual

81 = 1.0 when member displacement effects

members.

81 = 0.851 (1-Pu/Pe) for members whose ends are restrained or continuous (e.g. leg

members).

81 = 1.001 (1-Pu/Pe) for members whose ends are unrestrained (e.g. bracing members).

where:

Pu = Axial compressive

Pe = n2 Ell (KL)2

KL = laterally unbraced effective length of member in the direction of buckling under
consideration

EI = flexural stiffness in the direction of buckling under consideration.

4.8.1.1 Solid and Tubular Round Members
Solid and tubular round members which are subjected to combined bending and axial force
shall satisfy the following interaction equations:

p(a) when --!!- ?: 0.2

<l>aPn

! (~+~& J ~1.0
9 {OaPn {OfMn

pbut -.!!-- shall not be greater than 1.0

<l>aPn

pwhen -.!!-- < 0.2

<l>aPn

(b)

~+~~l.O

2l;}aPn l;}fM n
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joint eccentricities that exceed normal framing eccentricities as defined in
nteraction equation shall be satisfied:

When investigating
4.4.4, the following

Pu M+
<PnF yA :.M- ~ 1.0

'l'f n

where:

Pu = axial force due to factored loads

Pn = nominal axial strength

Mu = resultant flexural moment due to factored loads

Mn = nominal flexural strength

Ij>a = 0.90 = resistance factor for axial compression
= 0.90 = resistance factor for axial tension

<Pn = 0.90 = resistance factor for yielding under normal stress

<!>f = 0.90 = resistance factor for flexure

4.8.1.2 Single Equal Leg Angle Members

Single Angle members subjected to combined bending and axial force shall satisfy the following
interaction equations:

pwhen --!:!- ~ 0.2

$aPn
(a)

1Muw

<l>fMn~(
Pu

<PaPn
+

Pbut --!!- shall not be

<!>aPn

pwhen --E-- < 0.2
<PaPn

(b)

Pu

2<!>aPn

~~
.pfMnw

+
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When investigating joint eccentricities that exceed normal framing
4.4.4, the following interaction equation shall be satisfied:

-~

<!>nFyA

Muw

<J>tMnw

where:

Pu = axial force due to factored loads

Pn = nominal axial strength

Muw = flexural moment about the major principal axis due to factored loads

Muz = flexural moment about the minor principal axis due to factored loads

Mnw = nominal flexural strength about the major principal axis

Mnz = nominal flexural strength about the minor principal axis

<l>a = 0.90 = resistance factor for axial compression
= 0.90 = resistance factor for axial tension

<!>t = 0.90 = resistance factor for flexure

<l>n = 0.90 = resistance factor for yielding under normal stress

4.8.1.3 Other Members
For other shapes, combined bending and axial forces shall be investigated in accordance with

AISC-LRFD-99 Chapter H.

4.8.2 Tubular Pole Structures
For tubular poles, the following interaction equation shall be satisfied:

is greater than 0.2, Mn shall not exceed F'yS.

where:

= axial compressive force due to factored loads

= nominal axial compressive strength = (F'y) (A)

Pu
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F'y = effective yield stress determined from 4.5.4.1 for round poles or Table 4-8 for

polygonal poles.

Mu = flexural moment due to factored loads

Mn = nominal flexural strength as per 4.7

Vu = transverse shear force due to factored loads

Vn = nominal shear strength= O.5(F'y)(A)

S = minimum elastic section modulus

T u = torsional moments due to factored loads

Tn = nominal torsional strength = (F'y)(J/c)

= polar moment of inertiaJ

c

<Pc

<I>t

<Pv

<PT

= distance from neutral axis to extreme fiber

= 0.90 = resistance factor for axial compression

= 0.90 = resistance factor for flexure

= 0.90 = resistance factor for shear

= 0.90 = resistance factor for torsion

4.9 Connections

4.9.1 Bolts

ASTM A490 bolts and ASTM A325 bolts shall not be reused once they are
tensioned beyond 40 percent of their ultimate capacity.

Hot-dip (or mechanically) galvanized A490 bolts and hot-dip (or mechanically) galvanized A354
Gr. BD anchor rods shall not be used.

Note: Fub shall be equal to the minimum tensile strength based on bolt diameter for calculating
design tensile and shear strength.

4.9.2 Nut-Locking Devices
Bolts used to connect load-carrying members shall be provided with a nut-locking device or
mechanism such as, but not limited to, lock nuts, lock washers, or palnuts, to prevent loosening,
except as provided in 4.9.3. The use of lock washers shall be limited to structures 1200 ft
[366m] or less in height.

4.9.3 Pre-tensioned Bolts
Slip-critical connections and connections subjected to tension where the applications of
externally applied load results in prying action produced by deformation of the connected parts
shall be made with high-strength bolts tightened to 70% of the ultimate tensile strength of the
bolt. Nut-locking devices are not required for pre-tensioned bolts.
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Exception: For tension connections, where it can be shown that the stiffness of the connected
parts is sufficient to reduce prying forces to insignificance, tension connections may be made
with high-strength bolts tightened to a snug-tight condition. Snug tight is defined as the
tightness that exists as a result of a few impacts of an impact wrench or the full effort of a
person using an ordinary spud wrench.

(Note: Contact surfaces for slip-critical connections shall not be oiled or painted and for
galvanized material, the contact surfaces shall be prepared in accordance with AISC-LRFD-99).

4.9.4 Edge Distances
Table J3.4 of the AISC specification shall apply except at sheared edges, where the minimum
edge distance shall be 1.5 times the bolt diameter.

The minimum spacing of bolts in a line is preferably 3 bolt diameters but shall not be less than 2
2/3 diameters.

4.9.5 Bearing Type Connections
Bolts (including high-strength bolts) tightened to a snug-tight condition as defined in 4.9.3 are
permissible for use in bearing-type connections. Bearing-type connections shall not be used
with oversize or slotted holes parallel to the line of force for bolts loaded primarily in shear.

4.9.6 Connection Resistance

4.9.6.1 Design Tensile Strength

The design tensile strength of a single bolt or threaded part shall be taken as <!>Rnt

where:

Rnt = Fub An

The net area, An. through the

An = ~ (d - 0.9743 24 )

n

where:

<I> = 0.75

Fub = specified minimum tensile strength of bolt

d = nominal diameter of bolt, in [mm]

n = number of threads per inch

p = pitch of threads, mm

Alternatively, An maybe considered as 0.75 Ab

where:

Ab = nominal unthreaded body area of bolt

:opyright Telecommunk:ations Industry Assoc",tk>n
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4.9.6.2 Design Bearing Strength

The design bearing strength at bolt or attachment holes. <\>Rn. shall be taken as:

Rn = 1.2(Lc+d/4 )tFu ~ 2.4dtFu

When slotted holes are used perpendicular to the line of force, <\>Rn shall be taken as:

Rn = 1.0Lct Fu ~ 2.0dtFu

where:

<\> = 0.80

Lc = clear distance, in the direction of the force, between the edge of the hole and the
edge of an adjacent hole or edge of the material, in [mm]

Fu = specified minimum tensile strength of the critical connected part

d = nominal bolt diameter

t = thickness of the critical connected part

For multiple bolt connections, the bearing resistance
resistances of the individual bolts.

4.9.6.3 Design Shear Strength

The design shear strength of a bolt, <J>Rnv, shall be taken as:

<J> = 0.75

(a) When threads are excluded from the shear plane:
Rnv = 0.55 Fub Ab

(b) When threads are included in the shear plane"
Rnv = 0.45 Fub Ab

where:

Fub = Specified minimum tensile strength of bolt

Ab = nominal unthreaded area of bolt

holes must be perpendicular to the line of force.

Combined Shear and Tension

subjected to combined shear and

Slotted

4.9.6.4
For bolts

( )2 VUb

~

( J2 Tub

++R:;-
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where:

~ = 0.75

Vub = Bolt shear force due to factored loads

Rnv = Nominal shear strength of bolt

Tub = Bolt tensile force due to factored loads

Rnt = Nominal tensile strength of bolt

4.9.6.5 Connecting Elements
The design strength of welded and bolted connecting elements, <j>pRnpI shall be the lower value
obtained according to limit state of yielding, rupture and block shear.

(b) For tension rupture:
Rnp = Fu Ant

(c) For yielding:
Rnp = O.60Fy Agv

(d) For shear rupture:
Rnp = O.60Fu Anv

(e) For block shear:
Refer to 4.6.3.

where:

Agv = gross area subject to shear

~ = gross area subject to tension

Anv = net area subject to shear

Ant = net area subject to tension

Notes:
Refer to 4.6.3.1 for the determination of net area.
The width used to determine gross and net areas of connection plates shall not exceed
the width at the end of the plate defined by spreading the applied force out from the start
of the joint 300 to each side in the plate along the line of force.
The net area of a connection plate shall not be considered larger than 85% of the gross

1.
2.

3.
area.
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4.9.7 Splices
Splices shall be designed to
occurring at the splice.

For leg members of guyed towers,
Annex E are satisfied for each guy,

strength equal to the lower of 33% of

[2200 kN].

When eccentricity of a joint exists, the
considered.

4.9.7.1 Tubular Pole Structures
The design length of a slip type splice shall not be less than 1.5 times the inside width of the
base of the upper section. The inside width shall be measured between flats for polygonal
cross sections.

4.9.8 Guy Assembly Link Plates

The design strength of a link plate, ~PI, shall be taken as the lowest value of:

(a) Tension on the effective area:

<1>= 0.75

(b) Shear on the

<1>= 0.75

(c) Bearing on the projected area at the pin:

$= 0.75

(d) Yielding on the gross area:
<1>= 0.90 PI = Ag Fy

where:

a = the shortest distance from the edge of the pin hole to the edge of the member
measured parallel to the direction of the force

Apb = projected bearing area

Asf = 2 t (a + d/2)

beff = 2 t + 0.625 in. [2 t + 16 mm], but not more than the actual distance from the edge
of the pin hole to the edge of the part measured in a direction normal to the

applied force.

d = the pin diameter

t = the thickness of the plate

ANSlrrIA-222-G

resist the maximum forcestensile, shearand

unless the additional guy rupture loading requirements of
the leg splices shall develop a minimum design tensile
the design compression force at the splice or 500 kips

connection shall beinto the

PI = 2 t beff Fu

PI = 0.6 Asf Fu

PI = 1.8 Apb Fy
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The pin hole shall be located midway between the edges of the member in the direction normal
to the applied force. The width of the plate beyond the pin hole shall not be less than 2 belt + d
and the minimum extension, a, beyond the bearing end of the pin hole, parallel to the axis of the
member, shall not be less than 1.33 belt.

The corners beyond the pin hole, are permitted to be cut at 45 degrees to the axis of the
member, provided the net area beyond the pin hole, on an plane perpendicular to the cut, is not
less than that required beyond the pin hole parallel to the axis of the member.

Note: The 1/32 in. [1 mm] oversize pinhole diameter specified in AISC does not apply.

4.9.9 Anchor Rods
For anchor rods, the following interaction equation shall be satisfied:

Pu+~
11

<j>R :Sl

nt

where:

<1>= 0.80

Pu = tension force for detail types (a), (b) & (c) and larger of compression or tension
force for type (d) as depicted in Figure 4-4.

Vu = shear force (direct shear and torsion components) corresponding to Pu

Rnt = nominal tensile strength of anchor rod as per 4.9.6.1

11 = 0.90 for detail type (a)
= 0.70 for detail type (b)
= 0.55 for detail type (c)
= 0.50 for detail type (d)

For detail type (d), when the clear distance from the top of concrete to the bottom leveling nut
exceeds 1.0 times the diameter of the anchor rod, the following interaction equation shall also
be satisfied:

( ) 2 Pu Mu

+-+-

<vRnt <vRnm

2

(-k)

where:

Mu = bending moment corresponding to Vu
= 0.65 larVu

jar = length from top of concrete to bottom of anchor rod leveling nut

:opyright Telecommunications Industry Association
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~Rnv = design shear strength of

design flexural strength of anchor rod in accordance with 4.7.1 using the tensile
root diameter for the determination of z

<l>Rnm =

drt = tensile root diameter of rod, in
= d - O.9743/n inches
= d - O.9382(p) mm

d = nominal rod diameter, in [mm]

n = number of threads per inch

p = pitch of threads, mm

4.9.10 Welded Connections
Welded connections shall conform

4.9.10.1 Tubular Pole Structures
Longitudinal seam welds for tubular pole sections shall have 60 percent minimum penetration,
except in the following areas where the longitudinal seam welds shall be complete penetration

or full fusion through the full cross-section:

(a) Longitudinal seam welds within 6 in. [150 mm] of circumferential welds or flange or

base plates.

(b) Outside (female) section
minimum distance equal to the

Transverse seam welds shall be complete penetration or full fusion through the full cross-

section.

Base plate to pole shaft welds shall be complete penetration welds. Alternatively pole shafts
may be inserted into flanges or base plates and connected with inner and outer fillet welds.

Copyright TelecommunK:ations Industry Associet"n
Provk1ed by IHS unde' license with EiA
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anchor rod as per 4.9.6.3

to AISC-LRFD Chapter J.

welds in the slip splice area for a
dimension plus 6 in. [150 mm].
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Table 4-4:
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Slenderness Ratios for Round Bracing Members Directly

Legs
Table 4-5:

ANSI/TIA-222-G

Welded to
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Table 4-6:

Notes:
1.
2.

L shall be determined using the length between"rmin" refers to the minimum radius of gyration -
member, rx or ry for a round member.)
"rout" refers to the radius of gyration associated with out-of-plane buckling.
Refer to 4.5.2.1 for criteria to determine support at the crossover point.
Horizontals must meet the requirement of 4.5.2.1 when diagonals are not continuous through the

crossover point

3.
4.
5.

ANSlfTIA-222-G

Buckling Length

bolt or weld patterns.
axis for a single anglez-z
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Horizontal Member Continuous

Plan Bracing No Plan Bracing

Support at Apex5

L 1/r min L 1/r min

H1/rmin H1/rmin

1.5 H1/rout

Notes:
1.
2.

L shall be determined using the length between the centers of connecting
"rmin" refers to the minimum member (i.e. the z-z axis for a single angle

member, rx or ry for a
3. "rout" refers to the radius of
4. 2.0H1/rout shall be considered to
5. Plan and Hip mustbracing

ANSI/TIA-222-G

bolt or weld patterns.
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~~TRIANGULATED HIP BRACING (REFER TO

FIG. 4-2) REQUIRED AT THE MAIN DIAGONAL BEND.

ANSlfTIA-222-G

~

,C RAN KED K- BRACE

Figure 4-1: Cranked K- Type or Portal Bracing
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~~

!BIAN~U~Teb

~

TRIANGULATED

NOTES:

1. PLAN OR HIP BRACING MUST BE TRIANGULATED AND MEET THE REQUIREMENTS OF 4.4.1 TO
PROVIDE LATERAL SUPPORT TO A MEMBER.

2. EFFECTIVE SLENDERNESS RATIOS FOR MAIN DIAGONALS 'MTH STAGGERED HIP/FACE BRACING
SHALL BE DETERMINED IN ACCORDANCE 'MTH TABLE 4-3 USING THE EQUATIONS PROVIDED
FOR LEG MEMBERS 'MTH STAGGERED BRACING PATTERNS.

3. THE MINIMUM REQUIRED RESISTANCE OF HIP BRACING SHALL BE DETERMINED IN
ACCORDANCE 'MTH TABLE 4-1 'MTH Pr= 1.15 Ps. (PsBASED ON THE GOVERNING EFFECTIVE
SLENDERNESS RATIO OF THE MAIN DIAGONAL).
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BRACING
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Figure 4-2: Plan and Hip Bracing
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EDGE
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RADIUS

..

~

w > b -3(t}

NOTE: wIt SHALL

Figure 4-3: Width-to- Thickness Ratios (wIt)
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Concre

SECTION

Detail Type (a)

on Shrink
Concrete Grout

SECTION C-C

Detail Type (c)

~

When clear distance from top of concrete to the bottom face of the leveling nut exceeds 1.0 times the
diameter of the anchor rod, bending of the anchor rod shall be considered (refer to 4.9.9).

Figure 4-4: Anchor Rod Detail Types

1.

Copyright Telecommunications Industry Assoc..tion
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Concrete

~~
~

"

SECTION B-B

Detail Type (b)

A-A

~~~~~~~~

Concrete

SECTION D-D

Detail Type (d)
(See Note 1 below)

~~
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5.0 MANUFACTURING

5.1 Scope

This section outlines the structural steel material requirements, fabrication tolerances, and
corrosion control applicable for the structures designed and manufactured to this Standard.

5.2 Definitions

Structural steel: Steel material used for
fasteners and hardware.

5.3 Symbols and Notations

CVN = Charpy V-notch value;

Fy = minimum specified yield stress;
pH = hydrogen ion concentration of soil (acidity/alkalinity

t = thickness (diameter) of material;
c = coefficient for CVN;

5.4 Material, Structural Steel

5.4.1 General
Structural steels used for structures designed to this S
qualified steel material standards listed in Table 5-1.
application and site and conforming to 5.4.2 shall be COI

Structural steel for polygonal
poles shall have longitudinal

29°C].

All Charpy V-notch (CVN) tests shall be in accordance with American Society for Testing and

Materials (ASTM) A370.

5.4.2 Non Pre-Qualified Steel

The Carbon Equivalent shall not exceed

Mn+Si Cr +Mo+V Ni+Cu

C+++

6 5 15

Note: Special welding procedures may be required

The elongation shall not be less than 18%.

For solid round shapes, the nominal design values for the yield strength and ultimate tensile
strength shall be based at the half-radius point.

For members and components with thickness greater than 5 in. [127 mm] and a minimum yield
stress of 50 ksi [350 MPa] or greater, the required Charpy V-Notch (CVN) value shall not be
less than 15 ft-ib [21 J] at oaF [-17ac]. Alternatively, the CVN at the lowest monthly mean
temperature for the site shall not be less than the following:

ANSlfTIA-222-G

and components excluding guys,structural members

index)

to one of the pre-shall conform tc
. steel materials

j acceptable.
suitable for the

poles and butt-welded flange plates for polygonal tubular
V-notch values not less than 15.0 ft-ib [21 J] at -20°F [-

tubular

Charpy
poles

0.65 as calculated by the formula:
following
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Fy t
CVN =ft -Ib

5.54 c

where:

Fy = the minimum specified yield stress of the type of steel being used, ksi

t = the thickness (diameter) of the material, in. [mm]

c = 2 for drilled, reamed holes and non-welded components and for all
subjected to a design tensile stress less than 15 ksi [100 MPa].

= 1 for punched and welded components subjected to a design tensile stress greater
than or equal to 15 ksi [100 MPa].

For solid round shapes, the CVN values shall be based on a longitudinal sample located at 1 in.

[25 mm] below the surface.

5.4.3 Test Reports

Certified mill test reports or certified reports of tests made by the fabricator or a testing

laboratory in accordance with ASTM A6 or A568, as applicable, constitute sufficient

evidence of conformity to the requirements of 5.4.1 and 5.4.2.

5.4.4 Tolerances
dimensional tolerances shall be

5.5 Fabrication
Fabrication shall be in accordance with AISC-LRFD-99

Unless otherwise specified, structural members shall be fabricated to the tolerances given in
ASTM A6 for the type of material being utilized. Completed members shall be free from twists
and bends.

Fabricated compression members shall not deviate from straightness by more then one in five

hundred (1/500), but not more stringent than 1/16 in. [1.5 mm], of the length between points that

are to be laterally supported.

Splices in compression members that are designed for direct bearing shall have at least 75% of

the nominal area in contact.

Welding shall be in accordance

5.6 Corrosion Control

5.6.1 General

steel members and components shall have aAll structural
the preferred process. Other

ANSlfTIA-222-G

Fy t
or CVN = Joules

710 c

[MPa]

members

determined from ASTM A6.
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Hot-dip galvanizing iszinc
methods corrosion control are acceptable.that
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5.6.2 Structural Steel
Structural steel members shall be hot dipped galvanized in accordance with ASTM Standard

A 123. Alternative methods shall provide minimum corrosion control equal to the requirements

of ASTM A 123.

5.6.3 Fasteners and Hardware
Fasteners and hardware shall be galvanized in accordance with ASTM Standard A 153 (hot-
dipped) or ASTM Standard 8695 Class 50 (mechanical). Alternative methods shall provide
minimum corrosion control equal to the requirements of ASTM A 153.

5.6.4 Repair

Repairs shall be in accordance with ASTM Standard A780 or as required by the providers of

alternate corrosion control processes.

5.6.5 Guy Strand
Zinc coated guy strand shall be galvanized in accordance with ASTM

applicable. A minimum class A coating shall be supplied.

5.6.6 Guy Anchorages
Galvanized portions of anchorage steel

mm] into the concrete.

Steel guy anchorages in direct contact with the soil shall as a minimum, have corrosion control
in accordance with 5.6.2. When the measured soil electrical resistivity is less than 50 ohm-m
and/or the measured soil pH values are below 3 or greater than 9, additional corrosion control
shall be required for Class II and III structures. Refer to Annex H for acceptable corrosion
control methods.

5.6.7 Ground Embedded Poles
Steel poles in direct contact with the soil shall as a minimum, have corrosion control in
accordance with 5.6.2 with an additional protective coating. \/\/hen the measured soil electrical

resistivity is less than 50 ohm-m soil pH values are below 3 or greater than
9, additional structures. Refer to Annex H

for acceptable

and/or
corrosion shall be

corrosion control methods.
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API - 5L

ASTM A36

ASTM A53

ASTM A 106

ASTM A242

ASTM A500

ASTM A501

ASTM A514

ASTM A529 High-Strength Carbon-Manganese Steel of Structural Quality.

ASTM A572 High-Strength Low-Alloy Columbium-Vanadium Steels of Structural Quality.

ASTM A588 High-Strength Low-Alloy Structural Steel with 50 ksi Minimum Yield

ASTM A606 Steel, Sheet and Strip, High-strength, Low-Alloy, Hot-Rolled and Cold-Rolled,
with Improved Atmospheric Corrosion Resistance.

ASTM A618 Hot-Formed Welded and Seamless High-strength Low-Alloy Structural

Tubing.

ASTM A633 Normalized High-Strength Low-Alloy Structural Steel Plates.

ASTM A871 High-Strength Low-Alloy Structural Steel Plate with Atmospheric Corrosion

Resistance.

ASTM A913 High-Strength Low-Alloy Steel Shapes of Structural Quality.

ASTM A992 Steel for Structural Shapes for Use in Building Framing.

ASTM A1008/A Steel, Sheet, Cold-Rolled, Carbon, Structural, High-Strength Low-Alloy and
High Strength Low-Alloy with Improved Formability

ASTM A1011 Steel, Sheet and Strip, Carbon, Hot-rolled Structural Quality.

CSA G40.20/.21 General Requirements for Rolled or Welded Structural Quality Steels.

Note: Shapes and sizes outside the scope of an ASTM standard shall be considered as non-pre-qualified
steel.

ANSlfTIA-222-G

Table 5-1

~

5L)(Spec.API

Structural Steel.

Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded and Seamless.

Seamless Carbon Steel Pipe.

High-Strength Low-Alloy Structural Steel.

Cold-Formed Welded and Seamless Carbon Steel Structural Tubing in
Round and Shapes.

Hot-Formed Welded and Seamless Carbon Steel Structural Tubing.

High-Yield Strength, Quenched and Tempered Alloy Steel Plate, Suitable for

Welding.

~~
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6.0 OTHER STRUCTURAL MATERIALS

6.1 Scope
This section provides criteria for the design of structures using materials other than steel.

6.2 General
Other structural materials may be used for the supply of structures in accordance with the
requirements of this Standard. Conventional materials, such as concrete, aluminum and wood,
shall conform to current limit states design standards for these materials. For other materials,
which do not have established limit states design standards, factored resistances shall be
established to ensure that the level of reliability implied by this Standard is achieved.

6.3 Loads
Strength and serviceability limit states load combinations shall be in accordance with Section
2.0.

6.4 Analysis
Analysis models and procedures shall be in accordance with Section 3.0.

6.5 Design Strength
Appropriate resistance factors shall be established such that the level of reliability implied by
this Standard is achieved.

7.0 GUY ASSEMBLIES

7.1 Scope

This section provides the
end fittings, and components used in guy
with this Standard.

7.2 Definitions
For the purpose of this Standard, the following d

Cable: a flexible tension member consisting of

Strand: a plurality of wires either parallel or
central wire.

Rope: a plurality of strands twisted about an c
another wire rope.

Wire: a single continuous length of steel with a

Guy assemblies: a cable used to support
attachment for the ends and for adjusting
nonmetallic material where applicable.

Fitting: any accessory used as an attachment

Damper: a device, attached to the cable th
loads.
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Clamp: a cable fitting that transfers force by friction.

Manufacturer's rated breaking

7.3 Cables

7.3.1 Guy Strand
Galvanized steel guy strand shall conform to the minimum requirements of ASTM Standard

A475 Extra High Strength (EHS) or equivalent recognized standard. Aluminum clad steel guy
strand shall conform to ASTM 8416 or equivalent recognized standard.

7.3.2 Structural Strand

Structural Strand shall conform to the minimum requirements of ASTM Standard A586 or
equivalent recognized standard.

7.3.3 Wire Rope
Wire rope shall not be used for guy assemblies unless higher flexibility is required for special
applications. \/Vhen utilized, wire rope shall conform to ASTM A603 or equivalent recognized
standard. Aluminum clad steel guy wire shall conform to ASTM 8415 or equivalent recognized
standard.

7.4 End Attachments

7.4.1 Thimbles

An adequate bend radius, as per the manufacturer's recommendations, at the inside of cable
attachments consisting of a thimble or an equivalent approach shall be provided.

7.4.2 Preformed Guy Grips and Preformed Wire Dead-Ends

Preformed guy grips and dead-ends shall be designed specifically for the length, size and type
of cable being used. This shall include the size, number, and lay of the wires and the
electrochemical compatibility of the material. The preformed manufacturer shall perform tests to
demonstrate the capacity and efficiency of the product for different size cables.

Preformed guy grips shall not be reused after being in service and removed.

7.4.3 Clips
U-bolt or twin base clips that are used to secure looped ends shall match the size of the cable
within a tolerance of 1/16 in. [1.6 mm].

7.4.4 Sockets
Sockets shall be of the open or closed type. They shall be manufactured in accordance with

ASTM Standards A27 and A 148.

ANSlfTIA-222-G
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Sockets manufactured for use only with wire rope shall not be used for
made for galvanized strand be used for aluminum-coated strand.

Sockets for use with other types of cables may be
conform to recognized standards and demonstrate
implied by this Standard.

7.4.4.1 Zinc-Poured Attachments
Zinc for zinc-poured attachments shall conform to a prime western, high grade or higher purity
zinc as defined in ASTM 86.

7.4.4.2 Resin-Poured Attachments
The resin-poured attachments shall be acceptable when installed per the resin manufacturer's
recommendations.

7.4.5 Shackles
Shackles used to connect guy assemblies shall be forged from AISI grade 1035 or 1045 steel or
equivalent, and suitably heat-treated (quenched and tempered, normalized or annealed).

7.4.6 Take-up Devices

A take-up device shall be supplied at the anchor end of the guy assembly for adjusting the guy
tension.

7.4.6.1 Turnbuckles
Turnbuckles used to connect guy assemblies, shall be forged from AISI grade 1035 or 1045
steel or equivalent, and suitably heat-treated (quenched and tempered, normalized or
annealed).

7.4.6.2 Bridge Sockets

Take-up devices used in conjunction with bridge sockets or similar devices shall be suitably
heat- treated (normalized or annealed).

(.:> uuy uampers
High frequency low amplitude (Aeolian) and low frequency high amplitude
are difficult to predict prior to the installation of a structure. Dampers Ci
necessary. For guyed masts with structure heights above 1200 ft [3E
dampers shall be provided for cables with rigid end connections such
similar devices unless otherwise determined by a site-specific analysis.

The size, number and position of dampers shall be in accordance with th,
the damper manufacturer.

7.6 Design

7.6.1 Initial Tension
The initial tension in guys, for design purposes, at an ambient temperature of 600 F [160 C] shall
be within upper and lower limits of 15 and 7 percent, respectively, of the manufacturer's rated
breaking strength of the strand. Values of initial tension beyond these limits may be used
provided consideration is given to the sensitivity of the structure to variations in initial tension.
The design ambient temperature may be adjusted based on site-specific data.
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Notes:

Initial tension is defined as the guy tension at an
unfactored dead load condition at the design ambient temperature.

1.

2. When using initial tension values above 15 percent,
possible effects of Aeolian vibration. Likewise, when
7 percent, consideration shall be given to the effects

7.6.2 Design Strength

The design strength of guy assemblies

where:

<1>9 = 0.6 for metallic guy cables
= 0.5 for non-metallic cables

T 9 = the ultimate breaking strength

7.6.2.1 Ultimate Breaking
The ultimate breaking strength of a guy assembly shall be the lesser of: (a) the manufacturer's
rated breaking strength of the guy times the end fitting efficiency factor from 7.6.2.2, or (b) the
rated breaking strength of the end fittings or take-up device.

7.6.2.2 End Fittings Efficiency Factor
The end fitting efficiency factor for twin base and U-bolt clips used on guy strand through 7/8 in.
[22. mm] diameter shall be equal to 90% and shall be equal to 75% for other strand sizes. For
all other types of end connections, the end fitting efficiency factor shall be in accordance with
the end fitting manufacturer's recommendation.

7.6.3 Modulus of Elasticity
In the absence of specific cable manufacturer's data, the modulus of elasticity of a steel cable
used for analysis shall be 23,000 ksi [159 MPa) except for pre-stretched cables 2-9/16 in. [65
mm) diameter and smaller, a modulus of elasticity of 24,000 ksi [166 MPa) shall be used.

7.6.4 Articulation

Articulation at both ends of guy assemblies shall be provided for assemblies consisting of non-
metallic guys with rigid end connections such as end sockets or similar devices that do not

include low frequency dampers. Articulation shall provide a minimum 100 rotation in both the

vertical and the horizontal directions.

7.7 Manufacture
Manufacturers of non-metallic
the component.

7.7.1 Proof Loading of Assemblies
Factory installed end sockets shall be proof loaded to 55 percent of the manufacturer's rated
breaking strength of the cable and held for a minimum of three cycles with a minimum duration
of five minutes for each cycle.
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7.7.2 Pre-stressing
Pre-stressing shall be required for guy assemblies (excluding insulators) with factory installed
end fittings at both ends. The pre-stressing force for a cable shall be equal to 45 percent of the
manufacturer's rated breaking strength of the cable.

7.7.3 Length Measurements

Length measurements for guy
initial tensionmade under the design

stressing.

7.7.4 Striping
When pre-stressing is specified, a longitudinal paint stripe shall be applied to the cable while it is
subjected to the tension specified for length measurements.

7.8 Installation
Cable or other devices shall be installed on turnbuckles to prevent disengagement under wind

loading.

Striped cables shall be erected such that the paint stripe applied during measuring is straight
after erection.

Initial tensions shall be measured by either direct or indirect methods (examples are provided in
Annex K).

8.0 INSULATORS

8.1 Scope
This section provides the minimum requirements for the design of base and
structures supplied in accordance with this Standard.

8.2 Design
For the design of base insulators, tension and compression forces, horizontal shear and
moments shall be taken into account.

Where steel end fittings are used, they shall be forged from AISI grade 1035 or 1045 steel or

equivalent or cast from steel according to the requirements of ASTM Standards A27 or A148,

and suitably heat-treated (quenched and tempered, normalized or annealed).

The design strength of base and guy insulators shall be taken as ~i Rj:

where:

<Pi
0.5 for non-metallic fail-safe insulators
0.4 for other non-metallic insulators

=
=

Rj

= the ultimate strength of the
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8.3 Manufacture
Insulator assemblies shall be proof loaded to 60 percent of the manufacturer's rated ultimate
strength.

Insulator manufacturers shall provide the expected life of base and guy insulators.

Note: For strain insulators, the manufacturer shall define shipping, handling, and inspection
procedures to insure the integrity of the product.

9.0 FOUNDATIONS AND ANCHORAGES

9.1 Scope
This section defines criteria for
with this Standard.

9.2 Definitions
Foundation or anchorage: Substructures designed to transmit reactions to the underlying soil
or rock or supporting structure.

Soil: a natural aggregate of mineral grains, with or without organic constituents that can be
separated by gentle mechanical means, such as agitation in water.

Rock: a natural aggregate of mineral grains connected by strong and permanent cohesive
forces.

9.3 Site Investigation
In the absence of a geotechnical report, presumptive soil parameters are provided in Annex F.

A site investigation shall be required for a Class III structure and is preferred for Class I and II
structures. Recommendations for geotechnical investigations are contained in Annex G.

(Note: When geotechnical recommendations are based on allowable resistances, the nominal
resistance of soil or rock shall be determined by multiplying the allowable resistances by the
corresponding factor of safety reported in the geotechnical recommendations. When specific
geotechnical parameters or the factor of safety is not reported in the geotechnical
recommendations, a factor of safety equal to 2.0 shall be used).

9.4.1 Design Strength of Soil or Rock

The design strength of soil or rock shall be equal to $s Rs.

where:

<l>s = 0.60 for bearing on rock or soil for bases of guyed masts including spread footings,
driven piles, drilled caissons, steel grillages.

<l>s = 0.75 for bearing on rock or soil for bases of self-supporting structures including
spread footings, mats, driven piles, drilled caissons, steel grillages.
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<Ps = 0.75 for pull-out or uplift in rock or soil for foundations and anchorages including
spread footings, deadman anchors, drilled caissons, steel grillages and
battered piles.

for pull-out or uplift in rock or soil for foundations
one rock/soil bolt, dowel or anchoring device.

<l>s = 0.50

<l>s = 0.40 for pull-out or uplift in rock or soil for foundations and anchorages which utilize
non-battered piles with a tapered cross-section.

~s = 0.75 for friction or lateral resistance of soil or rock for all types of foundations.

(Note: forfoundation analyses which model the lateral stiffness of the soil, factored
reactions for the analysis shall be divided by ~s. The foundation internal forces and
moments from the foundation analysis shall be multiplied by ~s for the strength design of
the foundation. Unfactored reactions shall not be modified by ~s when investigating
displacements for serviceability limit states conditions).

Rs = nominal soil resistance

9.4.2 Design Strength of SubStructure
The design strength of concrete and steel
with ACI 318-05 and AISC-LRFD-99,
other materials. (Note: The strength
for the load combinations defined in 2.3.2.)

anchorages shall be in accordance
respectively, or the appropriate material specification for

reduction factors specified in ACI 318-05 Appendix C apply

9.5 Displacements
Foundation and anchorage displacements need not be considered for the strength and
serviceability limit states analysis of structures, except for structures solely supported by a
single caisson foundation or for other foundation types for site-specific conditions identified as
having critical displacement sensitive soils. For this condition, displacements may only be
ignored when the lateral displacement at grade level is less than or equal to 0.75 inch [20 mm]
for the serviceability limit state condition specified in 2.8.

9.6 Seismic Considerations
When a self-supporting latticed structure is supported by independent foundations and is
located in a region where the earthquake spectral response acceleration at short period, Ss,
from 2.7.5 is greater than 1.00, the foundations shall be connected together at the base by a
grade beam or similar device. The grade beam or similar device shall resist 2/3 of the total
seismic shear as calculated in 2.7.3 in compression and in tension.
Exception: Other approved methods may be used where it can be demonstrated that
equivalent restraint can be provided.

9.7 Frost Depth Considerations
When a structure is supported on soil, which displays significant ice lens development during
freezing, the minimum foundation base depth shall be at or below the frost depth listed in Annex
B. Alternatively, the provisions of SEI/ASCE 32-01 "Design and Construction of Frost-Protected
Shallow Foundations" may be satisfied.

9.8 Submerged Conditions
Reduction in the weight of material due to buoyancy and the effect
considered when submerged conditions are a design consideration.
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10.0 PROTECTIVE GROUNDING

10.1 Scope
This section defines: (a) the maximum acceptable electrical resistance of the structural
grounding system, and (b) the minimum acceptable materials for the grounding system design.

10.2 Definitions

Grounding: The means of establishing an
earth, adequate to permit lightning, high voltage, or
earth.

Primary ground: a low resistance, electrically conducting connection between the structure and
earth or some conducting body which serves in place of earth. The primary ground consists of
grounding leads and grounding electrodes or anodes.

Secondary ground: a low resistance,
appurtenance and the structure.

Grounding electrodes: underground, metallic, conductive members installed for the purpose of
grounding including; copper, copper clad steel, galvanized steel or stainless steel alloy buried
grounding rods, plates, buried strips, cables, or grids.

Grounding anodes: underground, metallic, conductive members installed for the purpose of
grounding in soils with electrical corrosion potential including buried grounding rods or plates,
constructed of alloys above steel in the galvanic series.

Remote earth: earth outside of the sphere of influence of the grounding system, which shall be
at least eight times the maximum horizontal separation distance between connected grounding
electrodes or anodes.

10.3 General
Structures shall be connected to earth by primary grounds. For guyed masts, the anchor shafts
or guy cables shall also be connected to earth by a primary ground.

All electrically active equipment and appurtenances
to the structure by a secondary ground.

10.4 Electrical Resistance
The total resistance of a structure's electrically connected primary grounds as referenced to
remote earth shall not exceed 10 ohms. The total resistance shall be measured or calculated in
accordance with the Institute of Electrical and Electronics Engineers (IEEE) Standard 142-1991.

10.5 Grounding Materials
Connections between a structure and grounding electrodes
between electrodes shall be
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electricallyelectrodes must be
interconnected.

For soils with resistivities less than 50 ohm-m, copper or copper plated grounding electrodes

may contribute to galvanic corrosion. Under these conditions, grounding electrodes may be

replaced by grounding anodes or other corrosion control methods may be employed.

Special considerations shall apply for AM towers installations.

11.0 OBSTRUCTION MARKING

Structures shall be marked in accordance with Federal Communications Commission (FCC),
Federal Aviation Authority (FAA), and/or the local aviation authority requirements.

For structures requiring painting for obstruction marking purposes, the termination of a color
band shall be permitted to coincide with a panel point on the structure provided that the panel
point is within 10ft [3 m] of the calculated termination point based on equal color bands.

12.0 CLIMBING FACILITIES

12.2 Definitions

Authorized (Basic) climber: an individual with the physical capabilities to climb who mayor

may not have previous climbing experience but has training in fall protection regulations, the
equipment that applies to the field including instruction for their proper use; able to climb

designated fixed access routes equipped with safety climb devices.

Cage: a barrier, which may be referred to as a cage guard or basket guard, that is an enclosure
mounted on the side rails of the fixed ladder or fastened to the structure to enclose the climbing
space of the ladder.

Carrier: the track of a ladder safety device consisting of a flexible cable or rigid rail.

Climber attachment anchorage: an anchorage point for attaching a lanyard or similar fall
protection device.

Climbing facilities: a climbing facility is a series of attachments installed on a support structure,
or antenna, on which a climber may step while ascending or descending, and which may

incorporate or employ:

(a) steps, rungs, cleats and/or structural members which form an integral part of the
structure;

(b) rungs, cleats or step bolts which are attached to the structure; or
(c) climber attachment anchorages.

Competent (Skilled) climber: an individual with the physical capabilities to climb, has actual

climbing experience and training in fall protection regulations including the equipment that
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applies to the field and who is capable of identifying existing and potential fall hazards; and who

has the authority to take prompt corrective action to eliminate those hazards; and who is able to

climb safely a structure away from fixed access routes.

Hand or guardrails: horizontal barriers erected along the sides or ends of platforms.

Ladder: a device incorporating or employing steps, rungs, or cleats.

Landing: an area such as the ground, roof, or platform that provides access/egress for a fixed
ladder.

Length of climb: the total vertical distance a person could climb in traveling between the

extreme points of access/egress for a fixed ladder, whether the ladder is of an unbroken length
or consists of multiple sections. This total vertical distance is determined by including all spaces
between all ladder steps or rungs and all other vertical intervening spaces between the extreme
points of access/egress.

Pitch: the included (acute) angle between the horizontal and the ladder, which is measured on

the opposite side of the ladder from the climbing side.

Platform: a landing surface that is used as a working or standing location.

Rail ladder: a fixed ladder consisting of side rails joined at regular intervals by rungs.

Safety climb device: a support system that may be a cable or solid rail attached to the

structure.

Safety harness: a full body harness attached to a fall-limiting device.

Safety sleeve: that part of a ladder safety climb device consisting of the moving component
with locking mechanism that travels on the carrier and makes the connection between the

carrier and the safety belt.

Side-step ladder: a rail ladder that requires stepping sideways from the ladder in order to reach
a landing.

Step bolt: a round or flat member affixed to the structure
a means to prevent the foot from sliding off.

Through ladder: a rail ladder that requires stepping through the ladder in order to reach a
landing.

Toeboard: a barrier erected along the exposed edges of a platform or landing surface.

12.3 General
Unless otherwise required, antenna supporting structures exceeding 10 ft [3 m] in height and

antennas intended for climbing shall be equipped with a minimum of one climbing facility
equipped with a safety climb device.

To ensure compatibility with a climber's safety sleeve, the cable support system of a safety

climb device shall have a stamped or engraved metal identification tag affixed at the base of the
structure indicating the size and type of cable.
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For cable support systems, a 3/8 in. [10 mm] diameter cable shall be considered
order to minimize safety sleeve size requirements.

Notes:
1. When a safety climb device is not continuous over the entire height, climber attachment

anchorages shall be available at a maximum spacing of 4 ft [1.2 m] over the height not
equipped with a safety climb device.
A safety climb device is not required for each climbing facility when multiple climbing
facilities are provided. The safety climb device shall be provided for the climbing facility
that is continuous over the height of the structure.
Ladder cages and hoops are not recommended for communication structures due to the
need to service the structure at various locations. If provided, a separate safety climb

device is not required.
Climbing and safety climb devices need not be installed over the entire height of a

structure when their installation would adversely affect the performance of an antenna.
In such case, the structure shall be equipped with a warning sign or climber attachment
anchorages shall be provided in accordance with the requirements of Note 1.
Structures not designed for nor equipped with a climbing facility over their entire height
(i.e. structures not intended to be climbed that are maintained by other access means),

need not have warning signs.

2.

3.

4.

5.

12.4 Strength Requirements
A load factor, aL = 1.5, shall be applied to the nominal loads specified herein:

The minimum nominal load on individual rungs or steps shall be equal to a normal concentrated

load of 250 Ibs [1.1 kN] applied at the worst-case location and direction.

The minimum nominal load on ladders shall be 500 Ibs [2.2 kN] vertical and 100 Ibs [445 N]
horizontal applied simultaneously, concentrated at the worst-case location between consecutive

attachment points to the structure.

The nominal load on rest platforms or antenna mounts designed for access shall be equal to

250 Ibs [1.1 kN].

The minimum uniform nominal live load, in addition to dead loads, on working platforms shall be

equal to 25 pounds per square foot [1.2 kPa] over the entire platform working area but not less

than 500 Ibs [2.2 kN] nominal load.

be equal to 150 Ibs [670 N] and
load on a handrail shall be equal to

simultaneous with concentrated load).

Safety climb devices shall meet the requirements of ANSI A14.3-1992 Section 7.0. The anchor

points of cable-type safety climb devices shall be designed for a nominal vertical load of 2,700

Ibs [12 kN]. For rail-type safety climb devices that are attached to the ladder, the ladder

supports shall be designed for a nominal vertical load of 1,400 Ibs [6 kN] for each 20 ft

length.

concentrated live load on a
The minimum nominal

(not

The minimum nominal

in any direction.
40 Ib/tt [580 N/m] and applied in any
applied

The minimum vertical nominal load on a climbing attachment anchorage shall be 3300 Ibs [14.7

kN].
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The strength requirements for climbing and working facilities need not be considered in
conjunction with any other loading combination.

The nominal flexural strength of a threaded step bolt shall be determined in accordance
with 4.7.1 using a plastic section modulus, Z, based on the tensile root diameter of the

step bolt (refer to 4.9.9).

Notes:
1.

2.

12.5 Dimensional Requirements

Climbing and working facilities shall be classified according to Table 12-1 (Class A or B) for the
purpose of determining dimensional requirements. The following dimensional requirements

apply to all class systems except as noted:

a) center-to-center spacing between rungs, alternately spaced step bolts, or structural

members used for climbing shall be 10 in. [250 mm] minimum and 16 in. [406 mm]

maximum; for Class A systems, the spacing shall remain uniform over a continuous length

of climb within a tolerance of:!: 1 in. [25 mm];

b) clear spacing between side rails shall not be less than 12 in. [300 mm]; the clear spacing
shall be increased by the width of the safety rail when used;

c) all rungs, cleats, steps, step bolts, and rails shall be free from splinters, sharp edges, burrs,

or projections which may pose a hazard;

d) step bolts shall not be less than 0.625 in. [16 mm] in diameter;
e) rungs shall not be less than 0.625 in. [16 mm] in width, round rungs shall not be greater than

1.50 in. [38 mm] in diameter and flat rungs shall not be greater than 2.0 in. [50 mm] in width;

f) clear width for step bolts shall not be less than 4.5 in. [110 mm]; provisions shall be made to
ensure a climber's foot cannot slide off the end of a step bolt;

g) for Class A systems, a minimum clear space shall be provided at rungs, steps, step bolts, or

applicable tower members equal to 4 in. [100 mm] vertically, 4.5 in. [110 mm] horizontally,

and 7 in. [180 mm] deep.

h) the horizontal spread between the attachment points of step bolts shall not exceed 24 in.

[610 m].

i) for Class A systems, a minimum 24 in. [610 mm] clearance shall be provided from the center

line of a climbing facility to any obstruction on the climbing side (see Figure 12-1).

j) the slope of a ladder or climbing facility shall be between 90 degrees and 60 degrees to the
horizontal. In no case shall the ladder or climbing facility slope toward the climber.

k) the size of steps, rungs and side rails shall be uniform in the same continuous length of

climb.

I) the minimum height of a handrail above a platform surface shall be 42 in. [1070 mm].

m) the maximum spacing of rest platforms for structures greater than 500 ft [152 m] shall be

150 ft [46 m].

Note: Structures that do not meet the requirements of this section shall be equipped with

warning signs.

12.6 Climber Attachment Anchorages

Refer to Annex I for examples of suitable climber attachment anchorages.

12.7 Platforms
Toe boards are not required for platforms on antennas and antenna supporting structures.
Handrails are required for platforms where climber attachment anchorages are not provided.
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Table 12-1: Classification of Climbing and Working Facilities

User Class
Authorized (Basic) or Competent A

bers

Com Climbers onl B

Figure 12-1:
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13.0 PLANS, ASSEMBLY TOLERANCES, AND MARKING

13.1 Scope
The purpose of this section is to define the requirements for plans, assembly tolerances and
marking appropriate for structures designed in accordance with this Standard. This section
does not address the safety and stability of the structure during assembly and erection, which
are the responsibility of the erector, based on the means and methods chosen by the erector.

13.2 Plans
Complete plans, assembly drawings, or other documentation shall be supplied showing the
necessary marking and details for the proper assembly and installation of the components,
including the member sizes, design yield strength of the structural members and the grade of
structural bolts required. Foundation reactions, when provided, shall be based on factored
loads.

The tower plans shall detail each attachment height, antenna quantity, antenna model or type,
mount quantity, mount type and line size that was included in the structural analysis.
Alternatively, the total effective projected area representative of all of the antennas and mounts
at each elevation may be provided along with the associated line sizes.

The tower plans shall detail the following data for the site specified used in the structural
analysis:

1. Basic wind speed (3 second gust, 50 year return period) without ice.
2. Basic wind speed (50 year return period) with ice.
3. Design ice thickness (50 year return period).
4. Exposure category (B, C or D) for the site specified.
5. Structure classification (I, II, or III) used to classify the structure.
6. Topography category (1,2, 3,4, or 5).
7. Earthquake spectral response acceleration at short periods.
8. Foundation reactions for the loading combinations considered.
9. Soil design parameters or source of data.

13.3 Tolerances

13.3.1 Overall Height
The overall height of an assembled structure shall be within +1% and -1/2% of the specified
height, not to exceed +5 ft [1.5 m] or -2 ft [0.6 m].

13.3.2 Guy Tensions
The maximum deviation from the design initial tension shall be (i) :t 10% for guys up to and
including 1 in. [25 mm] diameter and (ii) :t 5% for guys greater than 1 in. [25 mm] diameter, of
the specified design initial tension at an anchorage, corrected for the ambient temperature.

13.3.3 Plumb
The horizontal distance between the vertical centerlines at any two elevations throughout the
height of the structure shall not exceed 0.25 percent of the vertical distance between the two
elevations for latticed structures and 0.50 percent for tubular pole structures.

13.3.4 Twist
The twist between any two elevations throughout the height of the structure shall not exceed 0.5
degrees in 10ft [3 m]. The maximum twist over the structure height shall not exceed 5 degrees.
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13.3.5 Slip Splice

The slip splice length tolerance shall not exceed :t10% of the design
shall be pulled together to ensure firm contact.

13.3.6 Straightness
The straightness of the individual members shall be
stringent than 1/16 in. [1.6 mm] of the length between

13.3.7 Measurements
Measurements shall be taken at a time when the wind
ground level and with no ice on the structure or the guys,

13.3.8 Take-Up Devices
For initial installations, the minimum take-up adjustment available after the structure is plumb
and the guy tensions are set, shall be:

a) 6 in. [152 mm] for guys with nominal diameter of 0.5 in. [13 mm] or less;
b) 10 in. [254 mm] for guys with nominal diameter greater than 0.5 in. [13 mm].

13.4 Marking
All structural members or welded structural assemblies, except for hardware, shall have a part
number. The part numbers shall correspond with the assembly drawings. The part number is
to be permanently attached (stamped, welded lettering, stamped on a plate that is welded to the
member, etc.) to the member before all protective coatings are applied. The part number shall
have a minimum character height of 0.50 in. [13 mm].

14.0 MAINTENANCE AND CONDITION ASSESSMENT

14.1 Scope
This section addresses the maintenance and condition assessment of structures.

14.2 Maximum Intervals
Maintenance and condition assessment shall be performed as follows:

a) Three-year intervals for guyed masts and five-year intervals for
structures.

b) After severe wind and lor ice storms or other extreme conditions.
c) Shorter inspection intervals may be required for Class III structures and structures in

coastal regions, in corrosive environments, and in areas subject to frequent vandalism

Maintenance and condition assessment

15.0 EXISTING STRUCTURES

15.1 Scope
This section addresses the evaluation and

15.2 Definitions

Design documents: Documents indicating
modification of an existing structure including
members and/or their connections.
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Existing structure: An erected structure.

Fabrication drawings: Drawings required for the fabrication of components for a proposed

modification of an existing structure including member cut length, hole sizes, edge distance,

tolerances, weld details and other related fabrication details.

Feasibility structural analysis: A preliminary review to determine the overall stability and the

adequacy of the main structural members of an existing structure to accommodate a proposed
changed condition in accordance with this Standard.

Installation documents: Documents indicating the implementation procedures for a proposed
changed condition and/or modification of an existing structure including rigging methods,
temporary support requirements and other related construction considerations to provide for the
safety and stability of the existing structure during construction.

Rigorous structural analysis: A comprehensive structural analysis to determine the overall
stability and the adequacy of structural members, foundations and connections of an existing
structure to accommodate a changed condition in accordance with this Standard.

Rigging: Equipment and techniques used during the installation and modification of the

structure and/or its appurtenances.

15.3 Classification
The classification of an existing structure shall be determined in accordance with Table 2-1,
considering the reliability requirement of the structure based on the land use surrounding the

structure and the performance requirements of the services provided.

15.4 Changed Conditions Requiring a
As a minimum, existing structures
regardless of the standard used for the
following conditions:

a) a change in type, size, or number of appurtenances such
lines, platforms, ladders, etc.
a structural modification, excepting maintenance, is made to the structure
a change in serviceability requirements
a change in the classification of the structure to a
2-1.

b)
c)
d)

Note: Existing structures need not be re-analyzed for
are changed conditions as

15.5 Structural Analysis

15.5.1
A feasibility structural
changed conditions.

the main structural
changed conditions

15.5.2. A feasibility structural
consider that the structure has

222-GANSlfTIA-
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The reactions from a feasibility structural analysis may be compared to the original design
reactions to identify the impact on foundations due to proposed changed conditions. When the
original design reactions are based upon an Allowable Stress Design procedure, the original
reactions shall be multiplied by a 1.35 factor for comparison to the reactions determined in
accordance with this Standard.

15.5.2 Rigorous Structural Analysis
A rigorous structural analysis is used to determine the final acceptance of proposed changed
conditions and/or required modifications. This type of analysis determines the overall stability
and the adequacy of structural members, foundations and connection details. A rigorous
structural analysis may consider that the structure has been properly installed and maintained.

For a rigorous analysis of a foundation, site-specific geotechnical and foundation data are
required.
Note: Certain foundation details and connection details (such as inside weld sizes of flanged leg
connections) cannot be determined without dismantling the structure or extensive field non-
destructive testing. The assumptions regarding these types of details shall be documented
along with the results of the rigorous structural analysis.

15.5.3 Source of Data
Sufficient up-to-date information shall be used in the evaluation to accurately represent the
existing structure. The following sources may provide the information necessary for an
evaluation:

a. Previous structural analysis
b. Installation, material lists and fabrication drawings
c. Geotechnical reports
d. As-built drawings of the original installation and/or subsequent modifications
e. Field mapping, measurements and/or material testing (refer to Annex J)
f. Existing and proposed appurtenances listing.

15.5.4 Structural Analysis Report
The structural analysis report shall specify the type of analysis (feasibility or rigorous). A
feasibility report shall state that final acceptance of changed conditions shall be based upon a
rigorous structural analysis.

15.6 Exemptions
Existing structures originally designed in accordance with a previous revision of this Standard
are exempt from the provisions of this Standard pertaining to manufacturing and installation
when investigating changed conditions.

Existing structures originally designed in accordance with a previous revision of this Standard
shall also be exempt from the following provisions of this Standard pertaining to strength
requirements when investigating changed conditions:

a. Section 3.7 Mast shear and torsion: 40% minimum requirement need not apply
b. Section 4.4.1 Minimum bracing resistance: Pr = 1.5% Fs may be used
c. Section 4.6.2 Tension-only bracing members
d. Section 4.9.2 Lock washer restriction for structures> 1200 ft [366m]
e. Section 4.9.7 Minimum leg tension splice capacity
f. Section 7.6.4 Guy articulation
g. Section 8.3 Insulators: proof loading need not apply to existing insulators
h. Section 10.0 Protective grounding
i. Section 12.0 Climbing facility requirements
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15.7 Modification of Existing Structures

15.7.1 Design
Modifications to existing structures shall be based on a rigorous structural analysis. A design

document shall be prepared indicating the proposed reinforcement of existing members and/or

connections and all proposed additional members.

Prior to implementation of the changed conditions and/or modifications, the data designated on
the design document requiring verification shall be validated.

16.0 INSTAllATION

Rigging and temporary supports such as temporary guys, braces, false work, cribbing or other
elements required for the erection/modification shall be determined, documented, furnished and
installed by the erector accounting for the loads imposed on the structure due to the proposed
construction method.
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ANNEX A: PROCUREMENT AND USER GUIDELINES (Normative)

This Annex is intended to assist in the procurement of antenna supporting structures and
antennas designed in accordance with the ANSlfTIA-222-G Standard. Sections referenced in

this annex correspond to sections in the Standard with an A prefix.

Default design parameters appropriate for the referenced sections are provided to simplify the
procurement specifications for a structure. It is intended that the default design parameters

presented in this annex be used for design unless otherwise specified in the procurement
specifications for a structure. In addition, sections are referenced where site-specific or
supplementary design requirements are often required when preparing procurement

specifications for a structure.

A.2.0 Loads
Site-specific loading or local building code requirements may be more stringent than the

minimum loading requirements specified in the Standard. These and other unique load or

loading combination requirements are to be included in the procurement specifications.

A.2.2 Classification of Structures

The Standard establishes three classifications of structures based on reliability criteria.

The default Structure Classification is Class II.

The following descriptions indicate the appropriate Classification for a new structure based on

the type of service to be provided:

Class I: Structures used for services that are optional or where a delay in returning the services
would be acceptable such as: residential wireless and conventional 2-way radio

communications; television, radio and scanner reception; wireless cable; amateur and CB radio
communications.

Class II: Structures used for services that may be provided by other means such as: commercial
wireless communications; television and radio broadcasting; cellular, PCS, CATV, and

microwave communications.

Class III: Structures used primarily for essential communications such as: civil or national
defense; emergency, rescue or disaster operations; military and navigation facilities.

A.2.3.2 Strength Limit State Load Combinations
The Standard is based on limit states design and specifies appropriate load factors to be
applied to the nominal loads defined in the Standard. When supplementary loading
requirements for "withstand" or "survival" conditions are specified, load factors, gust factors, limit
state conversion factor for ice, and directionality factors equal to a minimum of 1.0 shall be
used. Unless otherwise specified in the procurement specifications, structures shall also be
designed for the load factors and nominal loads contained in the Standard. For locations not
included in Annex 8, the minimum basic wind speed considered for nominal loads shall be 75
mph [34 m/s] 3-sec gust or as determined in accordance with Section 2.6.4.1 for the site
location.
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A.2.4 Temperature Effects
The Standard specifies a 50 degrees F [28 degrees C] reduction in temperature for loading

conditions that include ice. Based on site-specific requirements, a greater reduction may be
appropriate and is to be includedin the procurement specifications.

A.2.6.4 Basic Wind Speed and Design Ice Thickness
The Standard is based on 3-second gust wind speeds and radial glaze ice thicknesses. Wind
speeds averaged over different time periods are to be converted to 3-second gust wind speeds
for use with the Standard. (Refer to ANNEX L for wind speed conversion factors.)

Supplementary rime ice and in-cloud ice loadings (including thickness, density, escalation with
height and corresponding wind speed) are to be included in the procurement specification when

appropriate for a given site location.

A.2.6.5 Exposure Categories
The default Exposure Category is Exposure C.

A.2.6.6 Topographic Categories
The default Topographic Category is Category 1.

For Topographic Categories 2, 3 and 4, the height of the
the procurement specifications.

Detailed site information is required for the use of Topographic Category 5. A methodology for

determining wind speed-up criteria based on site-specific data is contained in the ASCE 7-02
Standard, "Minimum Design Loads for Buildings and Other Structures".

For guyed masts in any topographic category, the elevation of the ground guy anchor supports
is to be assumed at the same elevation as the base of the mast unless otherwise specified in
the procurement specifications.

When relative differences exist in elevation between the base of a guyed mast and the ground
guy anchor supports, the differences are to be included in the procurement specifications.

Alternatively, a topographic survey for the site may be provided with the procurement

specifications. The relative elevations are required in order to properly model a guyed mast in

accordance with the Standard. Note that although a structure may be located on terrain with no

abrupt changes (Category 1), there may be significant differences in elevation between the

ground anchor supports and the base of the mast.

A.2.6.6.3 Structures Supported on Buildings or Other Structures
The height of the supporting structure is to be included in the procurement specifications in

order to properly determine design loads in accordance with the Standard. In addition, for

guyed masts, the locations of the guy anchor supports are also to be included.

A.2.6.9.5 Transmission Lines Mounted in Clusters or Blocks
The distribution of lines on a latticed structure has a significant effect on the wind loads applied

to the structures. As a default, lines may be distributed on multiple faces in clusters or blocks in

order to minimize wind loads on the structure. When other arrangements are required, the

distribution and location of lines are to be specified in detail in the procurement specifications.
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A.2.6.9.6 Velocity Pressure
The constant 0.00256 [0.613] is based on the air mass density of the standard atmosphere
defined at a temperature of 59 degree F [15 degrees C] and sea level pressure of 29.9 inches of

mercury [101.3 kPa]. The air mass density varies as a function of altitude, latitude, temperature,

weather, and season. It is the intent of the Standard to use the numerical value of 0.00256
[0.613] for determining velocity pressures unless a different value is included in the procurement

specifications.

A.2.7.3 General (Earthquake Loads)
The default Site Class for earthquake analysis is Class D.

A.2.8 Serviceability Requirements

The service loads and deformation limits specified in the Standard are the minimum

requirements for communication structures. When more stringent requirements are required for
a specific application, the serviceability limit state basic wind speed and if required, the

serviceability limit state design ice thickness; the deformation limitations (twist, sway and

horizontal displacement) and the location/elevation where the deformation limitations apply are

to be included in the procurement specifications.

As a default, the twist and sway deformations at microwave antenna mounting points shall not
exceed the values specified in Annex 0 based on an overall allowable 10 db degradation in
radio frequency signal level.

A.5.6.6 Guy Anchorages (Corrosion Control)
The default soil condition is non-corrosive soil unless a geotechnical report containing the
corrosive properties of the soil (electrical resistivity and pH values) for the site is provided with
the procurement specifications.

The Standard specifies minimum corrosion control when steel anchors are in direct contact with

soil. Requirements for supplemental corrosion control are to be included in the procurement

specifications.

A.5.6.7 Ground Embedded Poles (Corrosion Control)
The default soil condition is non-corrosive soil unless a geotechnical report containing the
corrosive properties of the soil (electrical resistivity and pH values) for the site is provided with
the procurement specifications.

The Standard specifies minimum corrosion control for ground embedded poles. Requirements
for supplemental corrosion control are to be included in the procurement specifications.

A. 7.5 Guy Dampers

The Standard specifies minimum requirements for high frequency guy dampers. High frequency

low amplitude (Aeolian) and low frequency high amplitude (galloping) vibrations are difficult to
predict prior to the installation of a structure due to unique site and environmental variables.

High and Low frequency dampers can be retrofitted when necessary. Additional damper

requirements are to be included in the procurement specifications.

A.9.O Foundations and Anchorages
The Standard refers to Annex F for presumptive soil parameters, which are intended to be used
for foundation and anchorage designs in the absence of a geotechnical report for Class I or II
structures. It is intended that actual site conditions will be investigated by the owner or the
owner's representative prior to the installation of foundations and anchorages designed in

accordance with presumptive soil parameters. The default soil type is clay unless otherwise
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specified in the procurement specifications. The default frost depth is 3.5 ft [1.1 m] when the

site location is undetermined unless otherwise specified in the procurement specifications.

Foundations and anchorages may be designed by a third party subsequent to the design of the
structure. The proper development of anchor rods and anchorages supplied with a structure is
to be verified by the foundation engineer. Site-specific requirements for anchorages, such as

roof-mounted structures, pile caps or other similar situations are to be included in the

procurement specifications.

A.10.0 Protective Grounding
The Standard provides
resulting from high fault currents.
requirements for the protection

procurement specifications.

The following grounding systems shall be considered as default grounding configurations. It is
intended that the owner or the owner's representative will verify that the total resistance will not

exceed 10 ohms based on the actual site soil conditions. Additional grounding electrodes may
be required.

For guyed masts the default grounding configuration shall be a minimum of three grounding
electrodes installed symmetrically around the base of the structure at a minimum 20 ft [8m]
spacing and each symmetrically connected to the base of the structure. A minimum of one
grounding electrode shall be installed and connected at each anchor.

For self-supporting structures the default grounding configuration shall be a minimum of six
grounding electrodes installed symmetrically around the base of the structure at a minimum 20

ft [8m] spacing. A minimum of one lead shall be connected to each leg for latticed structures
and a minimum of three leads shall be symmetrically connected to the base for pole structures.

A.11.0 Obstruction Markings
Requirements for obstruction markings are to be included in the procurement specifications.
The default condition is that no obstruction markings are required.

A.12.0 Climbing and Working Facilities
The default classification of climbing and working facilities is Class B.

The Standard specifies minimum climbing facility and platform requirements considering that

either competent (skilled) or authorized (basic) personnel will be accessing the structure.

Additional climbing facilities and platform requirements are to be included in the procurement

specifications.

A.15.3 Classification of Existing Structures
The default Structure Classification for existing structures is Class II.
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Min. Max.
Min. Max. Basic Basic Min. Max.

Basic Basic Wind Wind Design Design
Wind Wind Speed Speed Ice Ice Design

Speed Speed with Ice with Ice Thickness Thickness Frost
V V Vi Vi ti ti Depth Min. Max.

State County (mDh) (mDh) (mDh) (mDh) (in.) (in.) (in.) S5 S5 Notes
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Notes:

For a site location not designated as a county, refer to the design criteria maps in Appendix 1 to

determine the design values for the site.

The tabulated wind speeds represent the minimum and maximum basic wind speeds associated
with a county when multiple basic wind speed contours traverse a county. For these counties,
refer to the design criteria maps in Appendix 1 to determine the basic wind speed for a specific
site location. VVhen a site is located between two contours, the higher wind speed contour shall
be used as the basic wind speed.

The tabulated design values represent the minimum and maximum design values associated
with a county when multiple ice and/or wind zones traverse a county. For these counties, refer
to the design criteria maps in Appendix 1 to determine the basic wind speed with ice and the
design ice thickness for a specific site location.

Earthquake effects may be ignored per this Standard for site locations where Ss does not
exceed 1.0 (refer to 2.7.3). Maximum and minimum values for Ss are tabulated to facilitate
identifying those counties where earthquake effects may be ignored. For a specific site location

where the maximum value of Ss exceeds 1.0 for the county, or for any location where

earthquake effects are desired to be determined, refer to the design criteria maps in Appendix 1
to determine the values of Ss and S1 for the specific site location. When a site is located

between two contours, linear interpolation may be used. Values for Ss and S1 shown on the
design criteria maps are expressed as a percent of gravity and therefore must be divided by 100
to be used with this Standard. (The tabulated Ss values were provided by Ken Rukstales, US
Geological Survey, National Seismic Hazard Mapping Program.)

ror metriC UnitS, reTer to Annex IVI Tor appropriate conversion TaCtOrs.

The following notes correspond to the notes listed in the county listings of design criteria:

1. Special wind regions exist within the county. Refer to the design criteria maps in
Appendix 1. The authority having jurisdiction may require higher basic wind speeds for a
specific site location in these regions to account for local wind conditions.

2. Special ice regions exist within the county. Refer to the design criteria maps in Appendix
1. The authority having jurisdiction may require higher basic wind speeds with ice and/or
higher design ice thicknesses for a specific site location in these regions to account for
local wind on ice conditions.

3. The design frost depth shall be based on regional climatic data and knowledge of
local conditions in accordance with 2.6.4.1.

data and knowledge of
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ANNEX C: DESIGN WIND FORCE ON TYPICAL ANTENNAS (Normative)

This Annex contains wind load data for typical wireless carriers and microwave antennas.

When the azimuth orientations of antennas located on the same relative

are not specified, the antennas shall be assumed to radiate symmetrically

Wireless Carrier AntennaC.1 Typical

A typical wireless carrier consists of multiple antennas mounted on a platform or similar mount.

The effective projected areas, (EPA), provided in this annex are intended to be used as
presumptive standard values when actual antennas and mounting details are undefined (e.g. for

future loading considerations). It is not practical to provide standard EPA values to cover all

possible antenna and mounting arrangements. Prior to adding a wireless carrier to a structure
designed using presumptive EPA values, a review of the structure considering the existing and

the actual proposed antennas, mounts, and appurtenances shall be preformed in accordance with
this Standard.

Note: For latticed structures, all lines to a carrier elevation shall be considered to be on one face
of the structure. It shall be permissible to assume lines for different carriers are placed on

adjacent faces of the structure.

MicrowaveC.2 Typical

Wind force data presented in this annex for typical microwave antennas (including grid antennas)
are described in the antenna axis system having the origin at the vertex of the reflector. The axial
force, FAM, acts along the axis of the antenna. The side force, FsM, acts perpendicular to the

antenna axis in the plane of the antenna axis and the wind vector. The twisting moment, MM, acts

in the plane containing FAM and FSM. (See Figure C-1).

In all cases, the magnitude of FAM, FSM, and MM depend on the dynamic pressure of the wind, the
projected frontal area of the antenna, and the aerodynamic characteristics of the antenna body.
The aerodynamic characteristics vary with wind angle. The values of FAMI FSM, and MM shall be
determined from the following equations:

F AM = qz Gh CA A
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VVIICIC.

qz = velocity pressure at vertex of the antenna from 2.6.9.6

Gh = gust effect factor from 2.6.7 (depending on the type of structure supporting the antenna)

CA, Cs, and CM are the coefficients contained in Tables C-1 through C-4 as a function of wind
angle, 8.

8 = wind angle, see Figure C-1 for positive sign conventions.

A = outside aperture area of microwave antenna.

0 = outside diameter of microwave antenna.

ANSlfTIA-222-G
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Table C1: Wind Force Coefficients for
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Table C3: Wind Force Coefficients for Typical
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Table C4: Wind Force Coefficients for Typical Microwave Grid Antenna without Ice

Note: For iced conditions, in the absence of more accurate data, coefficients from Table C1 shall
L.- . J

be used.

ANSlrrIA-222-G
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Figure C-1: Wind Forces on Typical Microwave Antennas
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ANNEX D: TWIST AND SWAY LIMITATIONS FOR MICROWAVE ANTENNAS (Normative)

This Annex provides twist and sway deformation limits for structures supporting microwave

antennas under the serviceability limit state condition.

The twist and sway limits of the structure at the elevation of an antenna, 8, shall be calculated in

accordance with the following:

a) For a microwave antenna with an allowable 10 dB degradation in radio frequency signal level:

e=~

D a.

b) For a microwave antenna with an allowable 3 dB degradation in radio frequency signal level:

e=-~-

D a

where:

e = twist or sway deformation limit, degrees
C1O = 53.1 GHz.ftdeg [16.2 GHz.m.deg]

C3 = 31.0 GHz.ftdeg [9.45 GHz.m.deg]

D = Diameter of dish, ft [m]
a = Dish Frequency, GHz.

Notes:

It is not intended that the calculated values of e imply an accuracy of beam width

determination or structural rigidity calculation beyond known practical values and

computational procedures. For most microwave antenna supporting structures, it is not
practical to specify a calculated structural rigidity less than 0.25 degrees twist or sway with

a 60 mph [26.8 m/s] basic wind speed.
Section A2.8 requires default limit state deformations to be based on an overall allowable

10 db degradation. The equation based on 3 dB is provided for reference purposes.

1.

2.
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ANNEX E: GUY RUPTURE (Normative)

E.1 Scope

This Annex defines a simplified equivalent static
requirement to check for a guy rupture condition.

E.2 Introduction
An accurate analysis of a guyed mast for the dynamic effects caused by the sudden rupture of a

guy is very complicated as it depends on the characteristics of the rupture, the damping of the
structure, the vibration of the guys and the mast, etc. The following equivalent static method is
provided to simulate the behavior of the structure immediately after a guy rupture.

The method presented herein utilizes the following simplifying criteria:
1. The rupture is a simple cut through the guy
2. The elastic energy stored in the broken guy before the rupture is neglected
3. Damping is not considered
4. The wind loading at the time of guy rupture is minimal and is neglected
5. For face guying or guy levels involving torsion stabilizers, the two guys in the same

general direction shall be assumed to be broken. (Note: the torsional effects of a single

broken guy under these guying configurations are beyond the scope of this annex.)

Guyed masts with only one guy level must have fixed bases in order to provide any resistance to

guy rupture.

This method replaces the dynamic forces acting on the mast just after a guy rupture with an

equivalent horizontal static force (Fdyn) acting on the mast at the attachment level of the ruptured

guy (Figure E-1).

E.3 Analysis Method
The remaining guys excluding the ruptured guy (guy 1) are analyzed as a system with the

mast replaced by a vertical only support under an applied horizontal force, F, acting in the
direction of the broken guy. Curve 1 (Figure E-2) is generated for different values of F by
plotting the sum of the horizontal components in the direction parallel to F of the non-
ruptured guys at the ruptured guy level with the corresponding deflections of the guy
system at the ruptured guy level from the initial tension condition. (Note that the deflection
increases as the applied horizontal force, F, decreases).

1.

The structure is analyzed with all guys removed at the ruptured guy level for different
values of F, acting in the opposite direction of the broken guy. Curve 2 (Figure E-2) is
generated for different values of F and plotted with the corresponding deflections of the
mast from the initial tension condition. (Note that the deflection increases as the applied
horizontal force, F, increases).

2.

The area under curve 1 represents the energy that is lost in the non-ruptured guys as the
mast deflects in their direction. The area under curve 2 represents the energy absorbed
by the structure as it deflects due to an external horizontal force. The equivalent static
force for the guy rupture condition, Fdyn. corresponds to the magnitude of the applied
horizontal force, F, required to result in the area under curve 2 to equal the area under

curve 1 (Figure E-2).

3.
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Fdyn is applied to the structure (with a load factor equal to 1.0) with all guys removed at the
same level and in the opposite direction of the ruptured guy (Figure E-1). (Note that under
this condition, the structure absorbs the energy lost in the non-ruptured guy system under
the movement associated with the guy rupture. This conservation of energy is required to

maintain equilibrium of the structure. The resulting member forces in the structure

therefore simulate the member forces that would occur under a ruptured guy condition.)

4.

~
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Fdyn

Force (F)

F ciyll isdeftned asihe force the pointalong Curve 2
where the area under Curve 2 equals the area under Curve 1.
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ANNEX F: PRESUMPTIVE SOIL PARAMETERS (Normative)

:,This Annex provides presumptive soil parameters to be used in the absence of a geotechnical
report. Clay soils are assumed to be non-expansive with a plasticity index less than 24. The
presumptive soil parameters in this annex assume dry conditions (non-buoyant) with a soil
electrical resistivity greater than 50 ohm-m and a soil pH value between 3 and 9 (Refer to 5.6.6).
When the site location is unknown, the frost depth shall be equal to 3.5 ft. [1.1 m]. Presumptive
soil parameters and assumptions shall be validated for a specific site prior to installation

where:

N = standard penetration value
<I> = angle of internal friction
y = effective unit weight of soil
c = cohesion
Sf = ultimate skin friction
k = lateral modulus of soil reaction
G50 = strain at 50% of ultimate compression
Shallow Foundations - isolated foundations
Deep Foundations - drilled piers, piles, and drill and bell

Note: Actual soil design parameters based on a geotechnical report with similar standard
penetration values may vary from the tabulated values.

Apyright Telecommunications Industry Assoc..tion
'rovoed by IHS under license with EIA
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ANNEX G: GEOTECHNICAL INVESTIGATIONS (Normative)

This Annex contains information that should be contained in a geotechnical

G 1. Boring logs and report shall provide:

1. Date, sampling methods, number and type of samples

2. Description of the soil strata according to the Unified Soil Classification System
3. Depths at which strata changes occur referenced to a site

4. Standard Penetration Test blow counts for each soil layer
5. Soil density for each soil layer
6. Internal angle of friction for each soil layer
7. Cohesion for each soil layer
8. Ultimate bearing capacities for each soil layer or at the recommended bearing depth(s)

9. For expansive soil conditions, the active zone of influence and recommendations for

design

10. Elevation of free water encountered and the ground water depth below grade to be

considered for design
11. Frost depth to be considered for design
12. Soil electrical resistivity, pH values and corrosive nature of soil
13. Other pertinent soil design data and recommendations

14. Recommendations for alternate foundation types

15. Topographic information for the site
16. Note the location within 1,000 ft [300 m] of the structure of underground pipelines, buried

concentric neutral power wires and electrical substations as these may effect electrolytic

corrosion-

1. Ultimate tip bearing capacity
2. Ultimate skin friction for each soil layer
3. Lateral modulus of soil reaction for each soil layer.

4. Ultimate soil strain at 50% of ultimate compression, 850, for

G 3. For rock anchors the following information shall also be provided:

Type and condition of rock
Rock quality designation, ROD

Percent rock sample recovered

Ultimate bond stress in the

Ultimate shear strength.

1.
2.
3.
4.
5.
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ANNEX H: ADDITIONAL CORROSION CONTROL (Normative)

This annex provides additional corrosion control methods for steel guy anchorages and
embedded poles in direct contact with soil.

Additional corrosion control methods are required for steel in direct contact with soil w

---' __:1 _I__~_:__I ---,-~,-,~ ,- ,--- ~I_- - r -,--- -- 1/_- ~I_- ---, --" _II ___I
Additional corrosion control methods are required for steel in direct contact with soil when
measured soil electrical resistivity is less than 50 ohm-m and/or the measured soil pH value~
less than 3 or greater than 9, for Class II and III structures.

Additional corrosion control methods are also recommended for AM antenna sites and:

known to be in close proximity to underground buried pipelines, underground buried cables
utilize a concentric neutral or located within 1000 ft [300 m] of an electrical substation.

Sites with soils with a high salt or organic content, oxygen differential or transfer, signif

moisture content fluctuation, or with high redox potential (microbiological corrosion potential)

hA susceotible to accelerated corrosion and it is recommended that a corrosion control e:

Additional corrosion control methods are al~
known to be in close proximity to undergroun
utilize a concentric neutral or located within 10

Sites with soils with a high salt or organic
,-, EO_' -~,- - - ,~,- ,-"-,- --,-, -. ...~.. , \ ~ , , ..'-J

be susceptible to accelerated corrosion and it is recommended that a corrosion control expert
establish the control measures for the site.

Additional Corrosion Control Methods

a) Cathodic protection utilizing sacrificial anodes: The size, type and placement of
anodes are to be determined by a competent corrosion control specialist or firm.

b) Cathodic protection utilizing an impressed current: A competent corrosion specialists
or corrosion control firm shall determine the impressed current system to be utilized.

Concrete encasement: Sulfate resisting concrete mix designs should be used for all
concrete below grade depending upon the concentration of soluble sulfates that exist
in the soil or groundwater

c)

vvnen a concrete aeaaman IS usea Wltn an
encasement shall be properly developed into 1
cracking and the concrete encasement shall
above grade..

d) Taping or coating of steel in direct contact
products that remain crack free, chemically s1
of the structure. Special precautions are rec
and backfill operations to avoid damage to 1
occur at the damaged location. Cathodic
conjunction with this method.
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ANNEX I: CLIMBER ATTACHMENT ANCHORAGES (Normative)

This annex provides examples of suitable climber attachment anchors (Refer to Figs 1-1 & 1-2).
Caution shall be used to ensure that attachments are made to sound members that do not exhibit

signs of damage and/or excessive corrosion.

OET AIL A

Figure 1-1: Examples of
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DETAIL A

Figure 1-2: Examples of Climber Attachment Anchorages (Bolted Sections)

Note: Similar climbing attachment anchorages exist at the apex of K-type bracing patterns with
horizontal plan bracing connection details matching those illustrated.
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ANNEX J: MAINTENAN

This annex provides checklists for: (a) maintenance and condition assessment, and (b) field
mapping of structures and appurtenances.
Note: This annex does not provide means and methods for RF protection.

J.1 Maintenance and Condition Assessment
A) Structure Condition

1) Damaged members (legs and bracing)
2) Loose members
3) Missing members
4) Climbing facilities, platforms, catwalks - all secure
5) Loose and/or missing bolts and/or nut locking devices
6) Visible cracks in welded connections
7) Record temperature, wind speed and direction, and other environmental conditions

B)
1 )

2)

3)

4)

Finish
Paint and/or galvanizing condition
Rust and/or corrosion condition including
FAA or ICAG color marking conditions
Water collection in members (to be remedied, e.g., unplug drain holes, etc.)

C) Lighting
1) Conduit, junction boxes, and fasteners (weather tight and secure)
2) Drain and vent openings (unobstructed)
3) Wiring condition
4) Light lenses
5) Bulb condition
6) Controllers (functioning)

a) Flasher
b) Photo control
c) Alarms

D) Grounding
1) Connections
2) Corrosion

3) Lightning protection (secured to structure)

E)

F) Other appurtenances (walkways, platforms, sensors,
1) Condition
2) Secured to structure

Copyright T elecommunk:ations Industry Association
ProvKled by IHS under license with EIA
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G) Insulator Condition
1) Cracking and chipping
2) Cleanliness of insulators
3) Spark gaps set properly
4) Isolation transformer condition
5) Bolts and connection secure

H)
~uy~

1) Strand condition (corrosion, breaks, nicks, kinks, etc.)
2) Guy Hardware Conditions

a) Turnbuckles or equivalent (secure and safety properly applied)
b) Cable thimbles properly in place (if required)
c) Service sleeves properly in place (if required)
d) Cable connectors (end fittings)

(i) Cable clamps applied properly and bolts tight
(ii) Wire serving properly applied
(iii) No signs of slippage or damaged strands

(iv) Preformed wraps - properly applied, fully wrapped, and sleeve in place
(v) Poured sockets secure and showing no separation
(vi) Shackles, bolts, pins and cotter pins secure and in good condition(vi) Shackles, bolts, pins and cotter pins secure and in

3) Guy Tensions
4) Measure guy tensions (refer to Annex K)

5) Record temperature, wind speed and wind direction

Notes:
1) Minor variations in guy tensions are to be expected due to temperature and
low wind speed conditions. The cause of significant changes should be
determined immediately and proper remedial action taken. Possible causes may
be initial construction loosening, previously experienced extreme wind or ice,
anchor movements, base settlement, or connection slippage.
2) Tension variations at a single level are to be expected because of anchor
elevation differences, construction deviations, and wind effects.

Concrete Foundations
1) Ground condition

a) Settlement, movement or earth cracks
b) Erosion
c) Site condition (standing water, drainage, trees, etc.)

2) Anchorage condition
a) Nuts and/or nut locking device (tightened)

b) Grout condition

c) Anchorages and/or anchor rod condition
3) Concrete condition

a) Cracking, spalling, or splitting
b) Chipped or broken concrete
c) Honeycombing

d) Low spots to collect moisture

I)
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J) Guyed Mast Anchors
1) Settlement, movement or earth
2) Backfill heaped over concrete for
3) Anchor rod condition below earth

during exploration. Attachment
4) Corrosion control measures

protection systems, etc.)
5) Anchor heads clear of earth
Structure Alignment
1) Structure Plumb and Twist (See Figures J-1 and J-2)

Note: The assembly tolerances specified in Section 13.0 represent tolerances that are readily
obtainable using ordinary installation methods as opposed to tolerances beyond which structural
capacity is reduced to insignificance. Measured misalignments within the tolerances specified in
Section 13.0 may be ignored in the analysis of a structure; however, when measured
misalignments exceed the specified tolerances, the measured misalignments must be accounted
for in the analysis model of that structure.

J.2 Field Mapping

J.2.1 Mapping of Appurtenances
The mapping of appurtenances shall provide sufficient dimensional data in order to calculate the
effective projected area, weight and location of all appurtenances.

The mapping of appurtenances shall include, as a minimum:
A) Inventory of existing antennas: Elevation, antenna type and dimensions/model

number, support mount and location, spacing and orientation on cross-section, and
corresponding transmission line(s).

B) Inventory of other appurtenances (such as climbing ladders, platforms, etc.): Elevation,
appurtenance type and dimensions, location, spacing and orientation on cross-section.

C) A cross-section sketch locating and labeling the transmission lines (size and spacing)
and showing the orientation of the lines and the structure with respect to North. For
transmission lines in clusters: number of lines per row, number of rows, and separation
between the lines, overall width and depth dimensions.

J.2.2 Mapping of Structural Components
In order to perform an analysis of a structure, the structural configuration and the size of all

mapped in order to calculate wind loading and member capacities

K)

structural members must be

The mapping of the structure and its main structural members shall include, as a minimum:

J.2.2.1 Self-Supporting Latticed Structures
A) Sketch of overall structure numbering all sections.
B) The Configuration of each section:

1) Section height
2) Panel height and number of panels
3) Configuration of the panels (X, X with horizontal, K)
4) Face width (center to center of legs) at all taper change
5) Sketch indicating the above for each typical section

C) Member sizes for each section:
Leg member sizes - i.e. diameter (outside1)
ultra sound device), solid round diameter, or angle size & thickness (60 deg. or 90

deg.)
Diagonal member sizes - i.e. pipe diameter (outside diameter & wall thickness
using ultra sound device), angle size, thickness and orientation (long leg back to
back, LLBB, or short leg back to back, SLBB)

2)

;opyright Telecommunication. Industry Association
_ided by IHS under licen.e with EIA
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3) Horizontal member sizes - i.e. pipe diameter (outside diameter & wall thickness

using ultra sound device), angle size, thickness and orientation (LLBB, SLBB)

4) Subbrace member sizes (if applicable) - i.e. pipe diameter (outside diameter & wall

thickness using ultra sound device), angle size, thickness and orientation (LLBB,

SLBB)

J.2.2.2 Guyed Masts

A) Structure base type (fixed or pinned) and tapered or flat base

B) Guy anchor dimensions: distance from base to guy anchors and their relative

elevations to base and their orientation.
C) Sketch of overall structure numbering all sections. Locate and label all guy wire levels.

1) The configuration of each Section:
2) Section height
3) Panel height and number of panels

4) Configuration of the panels (X, X with horizontals, K)

5) Face width (center to center of legs) at all taper change locations
6) Sketch indicating the above for each typical section

D) Member sizes for each section:

1) Leg member sizes - i.e. pipe diameter (outside diameter & wall thickness using

ultra sound device), solid round diameter, angle size & thickness (60 deg. or 90

deg.)
2) Diagonal member sizes - i.e. pipe diameter (outside diameter & wall thickness

using ultra sound device), angle size, thickness and orientation (long leg back to
back, LLBB, or short leg back to back, SLBB)

3) Horizontal member sizes - i.e. pipe diameter (outside diameter & wall thickness

using ultra sound device), solid round diameter, angle size, thickness and

orientation (LLBB, SLBB)
4) Subbrace member sizes (if applicable) - i.e. pipe diameter (outside diameter & wall

thickness using ultra sound device), angle size, thickness and orientation (LLBB,

SLBB)

E) Guy wire elevation, size and type for each guy level

J.2.2.3 Pole Structures

A) Sketch of overall structure numbering all sections.

B) Configuration of each section:

C) Section height - For flanged type, the length from splice to splice. For telescoping

poles, the length from butt to butt
D) If multi-sided, number of sides

E) Flat to flat dimension or diameter and circumference at top and bottom of each section

F) Port hole opening size, reinforcing and location
G) Size for each Section:

1) Wall thickness of each section

J.2.2.4 Connections
In order to perform a rigorous structural analysis of a structure the

connections must be mapped in order to calculate connection capacities.

mapping of the structure connections shall include, as a minimum, the following:

A) Member end connection details:
B) If Bolted: number, type and size of end bolts and center bolts

C) Size and thickness of gusset plate with related details (hole sizes, edge distances,

weld size and length)

D) If Welded: weld size and length of end and center connections

The

details of all structural
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E) Splice connection details:

F) Number, type and size of bolts
G) Size and thickness of splice plate with related details (hole sizes, edge distances, weld

size and length,) and distance from panel intersection point
H) Anchor rod type, size, number, and bolt circle

I) Guy Assembly and connection details:

J) Preformed size/type, turnbuckle size, shackle size
K) Socket size, pin size, link plate dimensions with related details

L) Size and thickness of guy pull-off plate with related details (hole sizes, edge distances,

weld size and length, stiffener size)
M) Guy anchor head plate size, thickness, holes size, spacing, and edge distances of

holes, shaft type, size and extension length and angle from horizontal plane and weld
size and length of connection between shaft and fan plate

ANSlfTIA-222-G
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Site Name:

Wind:

The transit is to be set up on each leg azimuth at the base of the tower. The corresponding tower
leg at the base of the tower is used to set the vertical baseline. The deflection at each point of
interest on the tower is measured from this vertical baseline, as shown below.

x

.--Jp

Figure J-1: Twist and Out-of Plumb Determination for Triangular Towers

ANSlrrIA-222-G

Date:

~

d = (01 + 02 + 03) 13

e=(d.J3)/A
a = arcsin(e)
x = (02 - 03) 1 .J3
y = (2 x 01 - 02 - 03) 1 3

r=p~7
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Site Name:

~

Wind: Temperature:

The transit is to be set up on each leg azimuth at the base of the tower. The corresponding tower
leg at the base of the tower is used to set the vertical baseline. The deflection at each point of
interest on the tower is measured from this vertical baseline, as shown below.

Position of tower center at base

Tower

Tower cross-section

of I,
tower center

~ I at - - - ~

being observed

D2

x x

Position

Figure J-2: Twist and Out-of-Plumb Determination for Square Towers
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Date:

at base

d =(01 + 02 + 03 + 04) /4

e=(d.J2)/A
a = arcsin(e)
x = (02 - 04) /2
y = (01 - 03) I 2

r=~~7
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ANNEX K: MEASURING GUY

guidelines for field measuring guy tensions. There are two basic
tensions in the field: the direct method and the indirect method.

This annex provides
measuring guy initial

A. The Direct Method (see Figure K1)

A dynamometer (load cell) with a length adjustment device, such as a come-along, is attached to
the guy system by clamping onto the guy just above the turnbuckle and onto the anchor shaft
below the turnbuckle.

The come-along is then tightened until the original
dynamometer carries all of the guy load to the anc
off the dynamometer dial.

One may use this method to set the correct tension by adjusting the come-along until the proper
tension is read on the dynamometer. The control points are marked, one above the clamping
point on the guy and one on the anchor shaft, and the control length is measured. The
dynamometer and come-along are then removed, and the original turnbuckle is adjusted to

maintain the control length previously measured.

B. The Indirect Methods

There are two common techniques for the indirect measurements of guy initial tensions; the pulse
or swing method (vibration) and the tangent intercept or sag method (geometry).

1. The Pulse Method (see Figures K1 and K3)

One sharp jerk is applied to the guy cable near its conru
wave to travel up and down the cable. On the first return

. - . ...

cable the stopwatch is started.
calculatedthe guy tension is

[ WLN2 ]T M = 5~4j:)2
WLN2

TM =M5p2

TA =~( TM -!fir +(~)2

where:

T A = guy tension at anchor, Ib [N]

T M = guy tension at mid-guy, Ib [N]

W = total weight of guy, including insulators, etc., Ib [N]

L = guy chord length, ft [m]

L =.JH2 + V2

ANSlfTIA-222-G
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H = horizontal distance from guy attachment on tower to guy attachment at anchor, ft [m]

V = vertical distance from guy attachment on tower to guy attachment at anchor, ft [m]

N = number of complete pulses or swings counted in P seconds

P = period of time measured for N pulses or swings, seconds

Instead of creating a pulse that travels up and down the guy, one may achieve the same result by
causing the guy cable to swing freely from side to side while timing N complete swings. The
formulas given above will also apply for this approach.

2. The Tangent Intercept Method (see Figure K2)

A line if sight is established which is tangential to the guy cable near the anchor end and which

intersects the tower leg a distance (tangent intercept) below the guy attachment point on the

mast. This tangent intercept distance is either measured or estimated and the tension is

calculated from the following equation.

WC~H2 + (V - 1)2

HI

TA =

where:

C = distance from guy attachment on tower to the center of gravity of the weight W, ft [m]

I = tangent intercept, ft [m]

If the weight is uniformly distributed along the guy cable, C will be approximately equal to H/2. If
the weight is not uniformly distributed, the guy may be subdivided into n segments and the

following equation may be used:

S~H2 +(V -1)2

T =

A HI

where:

N

S = ~ WC.

LI I I

i=l

weight of segment i, Ib [N]Wi=

Cj= distancehorizontal!
ft [m]

segmentsnumber of

ANSlfTIA-222-G
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If the intercept is
following equation

It to establish,difficu

WC.Jl + tan2 a
T =

A (V - Htana)

where:

a = guy angle at the anchor (see Figure K2)

I=V-H tana

and

~H2 +(V -IY=.Jl+tan2a

H

WC may be replaced with S.

ANSlfTIA-222-G
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PUl.8E TRAVELS UP AND DOWN

THE GUY N TIMES

INP SECONDS.

,r'"""",

Figure K1: Method of Measuring Initial Tension
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AS COME-ALONG 1S TIGHTENED
DYNAMOMETER CARRIES FULL
LOAI) WHfI;N TURNBUCKLE IS
FULLY SLACKENED

(NUTS BREAK FREE).~DYNAMOMETER

COME-AWNG

1

.I

~~ a

""""'

Y ~'-

b '~

arobFROM
TIMES

\"
/

/

H
TA

Figure K2: Tangent
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v

TA

Figure K3: Relationship Between Guy Tension at Anchor and at Mid-Guy
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ANNEX L: WIND SPEED CONVERSIONS (Normative)

This annex provides conversion of wind speeds based on various averaging periods to the 3-sec
gust wind speed. Wind data based on other averaging periods are to be converted to a 3-sec
gust wind speed for use with the Standard.

Notes: 1. For conversion to [m/s] multiply the
Linear interpolation may be2.

ANSlfTIA-222-G
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ANNEX M: 51 CONVERSION FACTORS (Normative)

This annex provides conversions commonly required for the International System of Units (SI).

To Convert From To Multiply By

inches (in) millimeters [mm] 25.40

feet (ft) meters [m] 0.3048

square feet (W) square meters [m1 0.0929

cubic feet (ft3) cubic meters [m1 0.0283

gravity, g, (32.1 ft/s2) gravity, g, (9.81 m/s2) 0.3048

pounds [force] (Ib) newtons [N] 4.4482

pounds [mass] (Ib) kilograms [kg] 0.4536

pounds per cubic feet (lb/ft3) kilonewtons per cubic meter [kN/m1 0.1571

pounds per square foot (lb/W) Pascals [Pa] 47.88

kips per square inch (ksi) megapascals [MPa] 6.8948

miles per hour (mph) meters per second [m/s] 0.4470

ANSlfTIA-222-G
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APPENDIX 1: DESIGN CRITERIA MAPS (Normative)

FIGURE A1-1a BASIC WIND SPEED WITHOUT ICE, V mph (m/s)
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90(40)
100(45} 30(58)

110(49) 120(54)

Notes:
1. Values are nominal design 3..second

at 33 ft (10 m) above ground for Exposure C
2. Linear Interpolation between wind contours is
3. Islands and coastal areas outside the last 4

contour of the coastal area.
4. Mountainous terrain, gorges, ocean promontories,

shall be examined for unusual wind conditions.

FIGURE A1-1b BASIC
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90(40)

100(45)

~~

110(49)

120(54)

140(63)

150{67)

~~

V mph (m/s)

105 (47)

145 (65)
170 (76)
145 (65)
125 (56)

gust wind speeds in miles per hour (m/s)

Location
Hawaii
Puerto Rico

Guam

Virgin Islands
American Samoa

WIND

SPEED WITHOUT ICE, V mph [m/s]
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Ice thlck- zones -
Gust &peed wnes - - -
Weather staIIons 0

Note: For purposes of this Standard, ice

FIGURE A1-2b BASIC WIND SPEED WITH ICE Vi mph and
DESIGN ICE THICKNESS tj inch
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Note: For purposes of this Standard, ice may be

FIGURE A1-2c LAKE
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4Omph

ignored in the %" thickness zones

SUPERIOR REGION BASIC WIND SPEED
DESIGN ICE THICKNESS tj inch

ICE Vi mph andWITH
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Note: For purposes of this

FIGURE A1-2d
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Equivalent radial ice thicknesses due to freezing rain with concurrent 3-second gust speeds, for a 5O-year mean recurrence interval

j

~
Notes:
1. Ice thicknesses
higher than the
exceed the mapped
2. In the mountain
may exceed the
However. at elevations
3 In the Appalachian

Note: For purposes of this

NORTHWEST REGION BASIC WIND SPEED WITH ICE Vi mph
ICE THICKNESS ti inch

A 1-2eFIGURE
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MAXIMUM CONSIDERED EARTHQUAKE SPECTRAL
ACCELERATION AT SHORT PERIODS (S5)

FIGURE A1-3a
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MAXIMUM CONSIDERED EARTHQUAKE SPECTRAL RESPONSE
ACCELERATION AT 1 SECOND (S1)

FIGURE A1-3c
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MAXIMUM CONSIDERED EARTHQUAKE SPECTRAL
ACCELERATION AT 1 SECOND (S1)

FIGURE

A 1-3d
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FIGURE A1- 3e NORTHERN
EARTHQUAKESPECTRALRE
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FIGURE

A 1- 3f SOUTHERN
SPECTRALEARTHQUAKE
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FIGURE A1- 39 NORTHERN PORTION OF REGION 1 MAXIMUM
EARTHQUAKE SPECTRAL RESPONSE ACCELERATION AT 1
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FIGURE A1- 3i NORTHERN PORTION OF REGION 2 MAXIMUM CONSIDERED
EARTHQUAKE SPECTRAL RESPONSE ACCELERATION AT SHORT PERIODS
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FIGURE A1- 3m

MAXIMUM CONSIDERED EARTHQUAKE SPECTRAL
ACCELERATION AT SHORT PERIODS (55)
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FIGURE A1- 30 MAXIMUM CONSIDERED EARTHQUAKE SPECTRAL
ACCELERATION AT SHORT PERIODS (Ss)
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FIGURE A1- 3p
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FIGURE A1- 3r MAXIMUM CONSIDERED EARTHQUAKE SPECTRAL RESPONSE
ACCELERATION AT SHORT PERIODS (Ss) AND AT 1 SECOND (51)
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