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Description


ANSI/TIA STANDARD 222 – STRUCTURAL STANDARD FOR ANTENNA SUPPORTING STRUCTURES AND ANTENNAS: A COMPARISON OF REVISIONS F AND G Issue Date: January 2006 Abstract—A new revision of ANSI/TIA Standard 222 will take effect on January 1, 2006. The new standard— Revision G—is the most comprehensive revision of Standard 222 since its first publication in 1949. A revision on this order can cause anxiety in the industry as to its impact on tower design and can raise questions. This paper explains the differences in the basic design philosophies of the standard (Revision F) and the new Revision G. It also discusses the impetus behind this major revision triggered by the latest understanding and state-of-the-art practices of the current codes and standards in the building industry.



INTRODUCTION his paper describes the provisions of the ANSI/TIA/EIA-222-F-1996 standard [1] for the design, purchase, fabrication, and installation of telecommunication tower superstructures and foundations and compares these provisions with those of the new ANSI/TIA-222-G-2005 standard [2]. The new Revision G standard was issued in August 2005 with an effective date of January 1, 2006. This standard is the governing document for telecommunication towers in the United States. The contents of the document are being applied extensively as new telecommunication tower sites are built and existing sites are upgraded to accommodate the growth in the wireless communication industry. This paper provides insight into new Revision G of the standard and how it will affect projects involving wireless telecommunication tower sites.



T



The Telecommunications Industry Association (TIA) subcommittee TR-14.7, which was responsible for preparing the standard, states:



Peter Moskal [email protected]



Krishnamurthy Raghu [email protected]



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,” [3] and (b) design criteria as derived from AISC-LRFD-99, “Load and Resistance Factor Design Specification for Structural Steel Buildings,” [4] and ACI 318-05, “Building Code Requirements for Structural Concrete” [5]. The information contained in this Standard was
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obtained from available sources and represents, in the judgement 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. The standard provides the requirements for the structural design of new and the modification of existing structural antennas and antennasupporting structures, i.e., towers, mounts, structural components, guy assemblies, insulators, and foundations. This paper compares the provisions of Revisions F and G of ANSI/TIA Standard 222 as they relate to five key aspects of tower superstructure and foundation design: • Design method evolution from a traditional working strength design approach to a contemporary load resistance factor design approach for the tower superstructure • Wind load definition • Seismic requirements • Ice loading definition • Design of existing structures



57



ABBREVIATIONS, ACRONYMS, AND TERMS ACI AISC AISI ANSI ASCE



A significant change in the standard reflects the migration from the typical working stress design to the contemporary limit-states design approach for structural steel.



ASD COA ERC IBC NWS TIA



American Concrete Institute American Institute of Steel Construction American Iron and Steel Institute American National Standards Institute American Society of Civil Engineers allowable stress design Certificate of Authorization engineer in responsible charge International Building Code National Weather Service Telecommunications Industry Association



In each case, the two standards are contrasted by briefly describing the provisions of Revision F and then those of Revision G, followed by a summary of the significance of the changes. This paper also discusses related areas of interest. Figure 1 shows a typical guyed lattice telecommunication tower structure governed by the ANSI/TIA-222 standard.



DESIGN METHOD significant change in the standard reflects the migration from the typical working stress design to the contemporary limit-states design approach for structural steel. This brings the standard into compliance with current codes.



A



Figure 1. Guyed Lattice Tower Structure Governed by ANSI/TIA-222
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Revision F This standard uses the working stress design method. The American Institute of Steel Construction (AISC) refers to this approach as the allowable stress design (ASD) method. Stresses in a structure are determined by application of defined service loads using the principles of statics and dynamics. The loads are applied to a suitable arrangement of structural elements forming a stable assembly. The assembly has sufficient strength and is designed using members and connections of defined geometric shape and known material properties in accordance with applicable code provisions. The resulting actual member stresses are compared to allowable member stresses, based on the code, which are less than the member material yield stresses. The allowable stresses provide an inherent factor of safety to account for uncertainties related to typical simplifying assumptions and the use of nominal or average calculated stresses as the basis for manual methods of analysis. The margin between the allowable stresses and the material yield stresses provides the margin of safety. In applying this approach, engineering judgment must be exercised. The working stress approach has served as the principal design philosophy for a century. Allowable stress design may be formulated as follows:



φRn = ∑Q i γ



(1)



In this elastic design approach, all loads Qi are assumed to have the same variability, and the term φ/γ may be thought of as the safety factor applied to the material resistance. For materials in direct tension, the allowable stress is limited to 0.60 times the material yield strength. This results in a safety factor of 1/0.60 = 1.67. The AISC specification defines the allowable stresses for tension members, columns and other compression members, beams and other flexural members, plate girders, bolts, and welds. Per Revision F, design for structural members, unless otherwise noted, must be in accordance with the appropriate AISC or American Iron and Steel Institute (AISI) specification. American Society of Civil Engineers (ASCE) Standard 10 is used to adjust the AISC allowable compression stresses for the effects of eccentric axial loading and partial end restraint for structural steel single-angle compression members.
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Revision G The new standard is based on limit-states design. Structural design has been moving toward this more rational probability-based approach over the past 25 years. The generic term “limit states” used in the new standard is synonymous with the AISC’s use of load and resistance factor design terminology. Structures (tower superstructure and foundation), members, and connections must have adequate strength to function safely over their service life. Reserve strength must exist in a structure to account for possible overload and under-strength conditions. Overloads may occur because the structure’s use may be changed or the design loads may be judged to be less than those actually experienced. Under strength may result from variations in member sizes due to manufacturing or construction practices, or from installed material strengths that are less than specified. A structure must contain an adequate safety margin. Safety has been studied using probabilistic methods to assess the chance of failure or the limit state. Limit states are reached when a structure no longer performs its intended function. Limit states are divided into two categories: strength and serviceability. Strength refers to the ability of elements to sustain intended loads and maintain stability in conditions such as sliding or overturning. Serviceability involves consideration of requirements such as deflection and permanent deformation. The loads acting on a structure and the structure’s resistance to the loads must balance with an appropriate allowance for a margin of safety. The variables that affect loads and strength have been studied probabilistically to assess variability. The limit-state approach assumes that the load Q and the resistance R are random variables. The goal is to have the resistance R exceed the load Q by a reasonable margin of safety. Unless the margin of safety is very large, some probability exists that R may be less than Q. When assessing the relationship for the natural logarithm of resistance divided by load, i.e., ln(R/Q), a probability distribution function is obtained. Values for the number of standard deviations that are appropriate between the mean value of ln(R/Q) and the lower specification limit are established and designated as the reliability index [6] (see Figure 2).



The left side of this equation represents resistance or strength, i.e., strength of concrete, steel, or other material. The right side represents the loads that the structure is designed to carry. On the left side of the equation, the nominal resistances Rn are multiplied by a strength reduction factor φ to obtain a design strength limit. On the right side, the applied loads Qi (e.g., wind, ice, and seismic) are multiplied by a load factor γi to obtain the factored design loads for which the structure is designed. The strength reduction factors are less than one to establish material strength limits with an appropriate conservatism applied based on statistical assessments of materials. The load factors are greater than one to allow margin in the design loads that are also based on statistical assessments. Additional discussion and comparison of the working stress design and limit-state design approaches can be found in Chapter 1 of [7].



The limit-state design approach is the contemporary method for structural analysis and design.



The new standard specifies the requisite loads, load combinations, strength reduction factors, and load factors for tower design and modification use. Design Method Summary The limit-state design approach is the contemporary method for structural analysis and design. It is now the method of design for telecommunication towers as well as concrete and structural steel. This is a rational approach that will facilitate incorporation of additional information that becomes available on loads and resistances and their variation. It provides a framework for handling unusual loads that may not be covered by specifications. Safer structures may result because the method should lead to improved awareness of structural behavior. In most cases, it should also improve the economy of structures.



This leads to the following limit-state requirement:



φRn = ∑ γi Qi
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(2)



Figure 2. Reliability Index β
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As shown in Figure 3, the value of 0.02 indicates a 2 percent chance that the 70 mph speed will be exceeded in a year or a 98 percent chance that it will not be exceeded. Wind determination requires a probabilistic formulation, and the necessary probability measures must be estimated on the basis of experimental formulations. The average time between two consecutive annual occurrences of the wind exceeding 70 mph is the reciprocal of the probability of the event within one time unit, i.e., 1/0.02 = 50 years. Therefore, the probability that the wind will exceed 70 mph is a 2 percent chance in a given year, and the chance that this speed will be exceeded in consecutive years occurs once every 50 years. The National Oceanic and Atmospheric Administration’s National Weather Service (NWS) branch collects and publishes wind speed data throughout the US.



Figure 3. Largest Annual Fastest-Mile Velocity (V)



WIND LOADS nother significant change relates to the migration from fastest-mile wind speed to a 3-second-gust wind speed definition, which brings the standard into compliance with other current standards, codes, and guides.



A



Revision F Section 2.6.1 of the standard defines the basic wind speed as the fastest-mile wind speed at 33 feet above the ground corresponding to an annual probability of 0.02 (50-year recurrence interval) for Exposure C. This may be thought of as the average speed obtained during the passage of 1 mile of wind. For a 70 mph wind, this would mean that 1 mile of wind passes in 51.4 seconds. The wind speed is measured by a weather device called an anemometer at a height of 33 feet above the ground. The annual probability is based on the probability distribution function.



Revision G In the new standard, wind speed definition is based on the 3-second gust. Wind speeds are developed for 3-second gusts at 33 feet above ground in open-country exposure Category C for a 50-year mean recurrence interval. The NWS has phased out the measurement of fastest-mile wind speeds, and the basic wind speed has been redefined as the peak gust, which is recorded and archived for most NWS stations. The wind speeds are not representative of speeds at which ultimate limit states are expected to occur. Load factors or allowable stresses used in design equations lead to structural resistances substantially higher than the design wind speeds. Figure 4 illustrates a wind speed time history record and provides an interpretation of the two speed definitions. Figures 5 and 6 show lattice towers with significant coaxial cable wind load areas.



Figure 4. Wind Speed Record
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Wind Loads Summary The fastest-mile wind speed of 70 mph mentioned previously is equivalent to an 85 mph 3-secondgust wind speed. The new standard provides a table of wind speed equivalencies. This approach to wind loads makes the standard consistent with ASCE Standard 7 and codes such as the International Building Code (IBC). It is the contemporary wind load approach in the US. This standard enables accurate site-specific wind modeling using exposure categories and topographic effects. The new standard will use an averaging period of 3 seconds for the US. Other countries use different averaging periods (e.g., 1 hour or 10 minutes). Weather data in the US is collected at 465 stations throughout the country. A description of how to convert the fastest-mile wind speed to the 3-second-gust definition can be found in Section 4.0 of Reference [8].



SEISMIC LOADS nother significant change in the standard is the inclusion of seismic provisions. This brings the standard into compliance with other current standards, codes, and guides.



A



Revision F The standard does not contain seismic provisions. When seismic loads were considered to apply to a specific tower design, an equivalent static load, response spectrum modal analysis, or time



Figure 5. Coaxial cable is a major contributor of wind load on a tower. Wind computations are handled in detail in Revision G.
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history analysis would be applied based on the provisions contained in applicable building codes. Revision G The new standard defines four methods of structural analysis for seismic loads. A table is provided to identify which method is to be used for which tower type in accordance with mass and stiffness irregularities. The four approaches are: • Method 1 – Equivalent Lateral Force The total weight of the structure, including appurtenances, is determined; the total seismic shear is determined and distributed as specified in the standard. The structure is then analyzed statically using the seismic forces as external loads. • Method 2 – Equivalent Modal Analysis



The new standard defines four methods of structural analysis for seismic loads.



The fundamental frequency of the structure is determined along with the seismic forces for each level of the structure. The structure is then analyzed statically using the seismic forces as external loads. • Method 3 – Modal Analysis A mathematical model of the structure is created that represents the spatial distribution of the mass and stiffness. The mode shapes—the period, shape factor, and participation factor—are determined. The design response spectrum is established in accordance with the standard. The base shears and forces at each level of the



Figure 6. Towers can be loaded with a very complex array of coaxial cable. Revision G addresses several load scenarios.
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structure for each mode are determined and then combined by the square root of the sum of the squares of the modal values. • Method 4 – Time History Analysis A mathematical model of the structure is created that represents the spatial distribution of the mass and stiffness considering structural damping to be 5 percent of critical damping. Two orthogonal ground motion time histories are selected from recorded events with seismicity compatible to the site, or synthetic time histories are developed in accordance with accepted practice. A 5 percent horizontal response spectrum is constructed, and the foregoing time histories are combined according to rules specified in the standard to develop two scaled, sitespecific time histories. These two time histories are used to perform a structural analysis. Load effects for design are determined by selecting the maximum values from the time history analysis.



The standard includes provisions for the design of existing tower superstructures and foundations.



Seismic Loads Summary Under the new standard, wireless telecommunications structures will typically be analyzed using either Method 1 or 2. The standard contains provisions for ground motions, torsional moments, mathematical model requirements, and earthquake loads for structures supported on buildings or other supporting structures. A seismic approach considering the uniqueness of towers will now be included and considered as part of the design.



ICE LOADS he inclusion of ice loading provisions represents a significant change that brings the standard into compliance with the current standards, codes, and guides.



T



Revision F Though it recognizes a consideration of radial solid ice uniform thickness with a density of 56 lb/ft3, the standard does not specifically state an ice requirement. The standard does recognize that ice may be a significant load for structures to be located in areas of significant ice accumulation and provides information for consideration in an annex. Revision G The design ice thickness specified in the new standard is a uniform radial thickness of glaze ice at 33 feet above the ground in exposure
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Category C for a 50-year mean recurrence interval. Escalation of ice thickness and wind on ice over the height of the structure is required. Ice is assumed to be glaze ice with a density of 56 lb/ft3. Accumulation of ice is considered on the structure, guys, and appurtenances. All elements are assumed to be covered with a uniform thickness of ice that results in a wind drag. Design ice thickness is also escalated with height and is based on regional climatic data. For engineering design, all members are traditionally assumed to be covered with a uniform thickness of ice, which together with the ice density may be used to calculate the ice weight as well as the wind drag. Ice Loads Summary The new standard provides a rational approach for considering ice thickness in the tower and foundation design.



EXISTING STRUCTURES he standard includes provisions for the design of existing tower superstructures and foundations.



T



Revision F The standard indicates that towers and supporting structures should be analyzed when changes in the original design or operating conditions take place. Recommended criteria appear in an annex to the standard. Revision G A section of the new standard addresses the structural analysis of existing structures. Another section discusses the evaluation of structures regardless of the standard used in the original design. Existing structures are to be evaluated in the following circumstances: • A change in type, size, or number of appurtenances such as antennas, transmission lines, platforms, and ladders • Any structural modification (except for maintenance) made to the structure • A change in serviceability requirements • A change in structure classification in accordance with the categories identified in the standard Existing Structures Summary The new standard indicates that existing structures need not be re-evaluated for each
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course and after suitable experience, participants will possess the skill set necessary to assess, evaluate, analyze, and modify towers using the ANSI/TIA-222 standard.



revision of the standard except in the circumstances listed above. Analyses and modifications will definitely include modeling, analysis, design, and modification using the provisions of the standard in computer models and calculations.



LICENSED PROFESSIONAL ENGINEER SEAL



he commercially available software products typically used for tower analysis, design, and modification are Power Line Systems, Inc.’s TOWER® and PLS-POLE®, and RISA Technologies’ RISATower. Both companies’ software packages are now standard computer applications in accordance with engineering department procedures. Both companies are including the provisions for the new standard in their software; this capability will be available in January 2006.



T



TRAINING raining in the following subjects is available for engineers who work in this area. Customers may also wish to take advantage of this training.



T



• Telecommunication Tower Overview The overview training is an orientation for all engineering personnel, regardless of discipline, involved in wireless site project tower activities. Practical background is provided to enhance understanding of the different types of towers and foundations, the codes and standards that apply, and the work associated with tower activities. • ANSI/TIA-222-G-2005 Structural Standard for Antenna Supporting Structures and Antennas This offering focuses on the meaning and use of the Revision G standard. • Telecommunication Analysis and Design



he primary responsibility of a registered licensed Professional Engineer is the protection of public, life, safety, health, welfare, and property. All tower work is to be carried out under the direction of a licensed Professional Engineer in the Civil and/or Structures disciplines in responsible charge as defined in state licensing laws, rules, and regulations. In a majority of states, all companies performing engineering must possess a Certificate of Authorization (COA) with an engineer in responsible charge (ERC) designated on the certificate. The COA is the state corporate license to practice engineering. In states that do not require a COA, all companies performing engineering must have an ERC with the appropriate Professional Engineering registration.



T



SOFTWARE



Tower



Structural



This course provides instruction for civil/structural engineers in the use of Revisions F and G of the ANSI/TIA-222 standard. Training is provided in the use of the TOWER, PLS-POLE, and RISATower software packages. Participants model and design a lattice steel guyed tower and a selfsupporting, tapered tubular steel pole tower. The course provides the background necessary for an engineer to independently analyze and design telecommunication towers. Upon successful completion of the
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The primary responsibility of a registered licensed Professional Engineer is the protection of public, life, safety, health, welfare, and property.



The drawings, calculations, and reports prepared by civil/structural engineers for owners are manually wet-stamp sealed or manually embossed with a seal and manually signed and dated by a licensed Professional Engineer registered in the state where the tower structure is located. States are also allowing electronic seals, signatures, and dates on engineering deliverables.



CONCLUSIONS he comprehensive Revision G of Standard 222 governing telecommunication tower activities in the US will continue to guide the creation of tower structures that successfully perform their intended function. The standard addresses both the tower superstructure and the foundation, as both are necessary for the successful performance of a tower in service. The term “tower“ encompasses both the superstructure above the ground and the foundation below the ground functioning together to support loads under all design conditions.



T



The standard has been prepared by individuals and companies who work and practice in this area, i.e., fabricators, erectors, consultants, contractors, and architect-engineers. Designs are expected to be in line with those that result from application of Revision F of the standard.



63



In summary, ANSI/TIA Standard 222 Revision G reflects contemporary engineering practice and incorporates the latest appropriate technical methods and academic information. It is a welcomed evolution that brings the science and art of tower design and analysis into conformance with current provisions of the AISC, ACI, ASCE, IBC, and other national codes, standards, and practices. 



TRADEMARKS PLS-POLE and TOWER are registered trademarks of Power Line Systems, Inc.
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