ASDE – 3 Self-Supporting Tower Specification

1.0 Scope

This specification defines the mechanical performance and physical requirements for a land-based self-supporting tower and below grade foundation.  The tower is designed to support the ASDE-3 Radar Antenna Subsystem.  The tower will be 30 feet above grade.

2.0 Applicable Documents
The following documents in effect August 1, 2001 extent specified here in form part of this specification.

2.1 FAA Standards

FAA-STD-016A

Quality Control System Requirements

FAA-STD-019C
Lightning Protection, Building, Bonding and Shielding Requirements for Facilities

2.2 FAA Specifications

FAA-G-2100F
Electronic Equipment, General Requirements

FAA-C-2454

Facility Site Preparation

2.3 FAA Orders

FAA Order 6950.19
Practice and Procedures for Lightning Protection, Grounding, Bonding and Shielding Implementation

2.4 Other Documents

AC70/7460-IF

Obstruction Marking and Lighting

AISC



American Institute of Steel Construction

EIA-RS-222-C
Structural Standards for Steel Antenna Towers and Antenna Supporting Structures

NEC
National Electric Code

NFPA-78
Lighting Protection Code

LBC
Local Building Code

UBC
Uniform Building Code

OSHA
Occupational Safety and Health Act Title 29, Part 1910 of the Code of Federal Regulations

70CC-98-150
Soil Boring Analyses

3.0 Requirements

3.1 General Requirements

The major elements of the tower to be supplied by the tower contractor shall include:

º
Tower 

º
Lightning Protection System

º
Obstruction Lights System

º
Foundation and Anchoring

º
Equipment Interconnection Support Kit

3.1.1 Tower Structure

The tower shall be a freestanding self-supporting structure capable of meeting the mechanical and structural requirements of paragraphs 3.1.9 and 3.1.10 over the operational and survival environmental conditions of paragraph 3.2.  The FAA-C-2454, EIA-RS-222-C Standard, Local Building Codes, and NEC requirements for an uninhabited tower occupancy intermittent, not to exceed three people.  The tower is to be a self-supporting open-face (latticed) structure with option to enclose the bottom section for use as an electronic equipment room.  (See  Figure 1).

Equipment mounting platforms shall be provided at the top of the tower.  The upper platform is for the Antenna Subsystem mounting.

The contractor shall provide an electric hoist (preferably chain), which can lift at least 1 Ton 40 ft. to the upper platform (service deck) inside of environmental skirt.  The hoist can be mounted on rails to service antenna subsystem usage.  Desirable location of the hatchway for the hoist is shown in Figure 2.

The two ladders shall be attached to interior wall of the environmental skirt to provide access to the rotodome as shown in Figures 2 and 3.

The tower shall contain an internal stairway from the ground to exit at the upper platform.  The stairway shall have personnel hand safety rails.

Perimeter safety rails (42 inches high) shall be provided at the upper platform.
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3.1.1.1 Installed Radar Equipment

In addition to the contractor supplied equipment, the tower shall support the following supplied equipment:

º
Antenna Subsystem

º
Interconnection Cables and Waveguide

The Antenna Subsystem shall be mounted on the tower environmental skirt structure, which is attached to the upper platform (see Figure 2).

The interconnection cables for the radar system shall run from the base of the tower to the top of the tower.  The waveguide will run from the PSF Building to the top of the tower.  The support kit defined in paragraph 3.1.6 will support the interconnection cables and waveguide.

The interconnection cables and waveguide routing and penetration through upper platform are shown in Figures 2 and 3.

3.1.2 Maintenance Hoist

The tower shall contain an electrically operated maintenance hoist, which is capable of lifting at least 1 ton from ground level to upper platform (approx. 40’).

The contractor shall provide a junction box at the bottom of the tower.  The junction box shall contain circuit breakers (size TBD by contractor) for the maintenance host obstruction lighting (see 3.1.4).  Circuit breaker size is to be approved by FAA.
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3.1.3 Lighting Protection System

A lightning protection and subterranean grounding network shall be included in the tower design.  The tower and all tower equipment shall be protected from lightning in accordance with FAA-STD-019C, NFPA-78 and local building codes.  The lightning protection system shall be specified by the contractor based on the required lightning protected zone shown in Figure 1.  The air terminal shall not exceed 20 ft. above the main structure.  Desirable type for lightning protection could be overhead ground wires as shown in NFPA 78, paragraph 6-3.  For pricing purposes, the baseline tower lightning protection system shall be per paragraph 3.1.3.1.

3.1.3.1 Lightning Protection Design and Installation

The baseline implementation of FAA-STD-019C and VGPA-78 for the Remote Tower for lightning protection is as follows:

º
Air terminals shall be used peripherally to the antenna interconnects by 4/0 down conductors are routed from the air terminals to a 4/0 peripheral cable around the base of the tower.  (All interconnections are to be made with exothermic welds.)  The peripheral cable is connected one foot below the ground surface at equal points to 10-foot ground rods.  One connection will be bolted rather than welded to permit maintenance tests for resistively.

º
The tower structure shall be welded together to ensure a low impedance path, and each tower leg will be grounded to the rod grid.  All bonds will comply with FAA-STD-019C, NFPA-78 and FAA Order 6950.19.

3.1.4 Obstruction Lights

The tower design shall include an obstruction lighting system.  The lighting system shall include all lamp units, conduit and wiring to meet the obstruction lighting requirements of FAA advisory circular AC70/7460-IF.  The wiring shall terminate at the base of the tower in a weatherproof, lockable junction box.  The junction box is part of the tower contract supplied obstruction lighting system.  It shall have circuit breakers (size TBD for contractor) for the maintenance hoist, utility outlets and circuit lighting.  Circuit breaker size is to be approved by FAA.

3.1.5 Foundation and Anchoring

The foundation and anchoring shall ultimately be designed in accordance with FAA-C-2454, Section 3.1 to meet the stability requirements of paragraph 3.1.10, as well as to support the tower environmental conditions of paragraph 3.2 for the geographic locations specified in Attachments I.  A “Baseline” design shall be provided for the soil conditions specified in the Soil Boring Report 70CC-98-150 as provided by the FAA. 

3.1.6 Equipment Interconnection Support Kit

The tower design shall include the mounting surface attachment hardware to install the antenna system, interconnection cables, and waveguide.  The tower contractor shall supply the conduit supports (hangers, u-bolts, clamps, etc.) required to mount the equipment interconnection components.  

3.1.7 Finish

The tower structure shall be suitable finished to meet the service life requirements of paragraph 3.4 under the environmental service conditions of paragraph 3.2 and high salt content (5 percent salt concentration by weight), or an environment with industrial pollutants (smog) of sulphur and/or nitrogen oxides.  The structure shall be protected from moisture penetration and shall be factory anti-corrosion finished. 

3.1.8 Marking and Nameplates

All steel, except hardware, shall be marked with steel stencils or identified after galvanizing by means of stamped or stenciled marks on metal tags wired to members; marks to have a height of not less than 5/8”.  The marks shall correspond with the marks on the assemble drawings. 

3.1.9 Mechanical Design Interface

The tower shall provide for the mechanical interface requirements stated herein at the location specified.

3.1.9.1 Tower Upper Platform

a. Antenna mounting interface and service area per Figures 2 and 3.

b. Environmental skirt structures which support four (4) Antenna Subsystem outriggers (Figure 3) shall be leveled within 1/8”.

3.1.10 Structural Design

In the performance of a dynamic analysis for the tower, loads created by the rotation antenna shall be applied simultaneously with static loads representing the maximum wind loads on the tower and all its appurtenances (including the antenna’s radome).

In performance of the fatigue analysis for the tower S/N curves which apply to the specific grades of steel in the tower shall be used.  If a S/N curve is not available for fatigue calculation, Appendix B of the AISC shall be used.

The tower’s structural design shall provide for the rigidity and strength to withstand load combinations with subjected equipment loads from paragraph 3.1.10.1:

a. Operating condition paragraph 3.1.10.2 (each combination from paragraph 3.1.10.2, 3.1.10.3 shall be taken separately) and environmental operating requirements paragraph 3.2.1

b. Non-operating or survival condition paragraph 3.1.10.5 and environmental survival requirements paragraph 3.2.2

c. The service area (inside the environment skirt Figures 2 and 3) shall be capable to withstand temporary concentrated load of 2,000 lbs.

P1

=
Weight interconnecting cabling and 

 
waveguide from foundation to shelter 

 
platform.

Fs1

= 
Wind lateral force applied to top platform

   
along any horizontal axis.

T1 & T2
=
Wind lateral force applied to mounting

pads (Figures 2, 3 and 4).

T3

=
Wind lifting force applied to mounting

pads (Figures 2,3 and 4).

PL
=
Antenna subsystem live load 

applied perpendicularly to top platform (antenna weight and ice weight)

Md

=
Driving moment during normal operating

Condition applied to mounting pads (Figures 2 and 3) about tower vertical axis.

Mst
=
Start up moment during starting

operating condition applied to mounting pads (Figures 2 and 3) about tower vertical axis.


MC
=
Catastrophic moment during 

bearing seize operating condition applied to mounting pads (Figure 2 and 3) about tower vertical axis.

α

=
Maximum overall angular rotation about




any horizontal axis

(

=
Maximum overall angular rotation about 

tower vertical axis
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3.1.10.1 Equipment Loads

The equipment weight shall be considered as permanent loads added to the tower and distributed as shown on Figure 1 and in paragraph 3.1.10.

P1

=
1000 lbs

3.1.10.2 Normal Operating Conditions

Fs1

=
TBD by contractor from the

environmental skirt area projected to the wind.

Md

=
200 lbs-ft

T1, T2, & T3
=
see attachment 1

PL

=
4250 lbs

α

=
0.15º

β

=
0.01º

3.1.10.3 Startup Operating Condition

Design for two start-ups per day over the service life stated in paragraph 3.4.

Fs1

=
TBD by contractor from the

environmental skirt area projected to the wind.

T1, T2, & T3
=
see Attachment 1

Mst

=
500 lbs-ft

PL

=
4250 lbs

(

=
Maximum without permanent 




deformation.

β

=
Maximum without permanent 




deformation

3.1.10.4 Catastrophic Operating Condition

Design for two catastrophic stops over the service life stated in paragraph 3.4.

Fs1

=
TBD by contractor from the

environmental skirt area projected to the wind.

T1, T2, & T3
=
see Attachment 1

MC

=
3800 lbs-ft

PL

=
4250 lbs

α
=
Maximum without permanent 

deformation.

(

=
Maximum overall angular rotation

about tower vertical axis.

3.1.10.5 Non-Operating or Survival Condition

Fs1

=
TBD by contractor from the

environmental skirt area projected to the wind.

T1, T2, & T3
=
see Attachment 1

PL

=
6250 lbs

α
=
Maximum without permanent 

deformation.

(

=
Maximum without permanent 

deformation.

3.1.10.6 Natural Frequency

The tower shall be designed to prevent excitation of low frequency vibration modes in the tower structure.

The rotodome rotating motion is 60 rpm and maximum unbalance 30 ft-lbs.  Maximum driving torque for torsional frequency calculation equals 500 lbs/FT.

The natural frequency of the tower design shall be in compliance with the prevailing building codes applicable for the geographic seismic zone where installation is to occur.  The tower natural frequencies about its major (torsion) axis and minor axes shall be provided to form part of this specification.

3.2 Environmental Requirements

The tower assembly shall operate or survive without permanent deformation under the following conditions when installed at the site in Oklahoma City, Oklahoma.

3.2.1 Operating

Temperature:

-10 º to 50º C

Relative Humidity:
50% to 100% with condensation

Wind:


0 to 85 MPH inclusive of gusts

Icing Condition:

Solid ice - density 56 lbs/ft3, ½” 





radial thickness

3.2.2 Non-Operating Survival

Temperature:

-10 º to 50º C

Relative Humidity:
Up to 100% with condensation

Wind:


Up to 130 MPH inclusive of gusts

Seismic:


Per LBC (see Attachment I)

Hailstorms:
Impact of up to 1.5 inches diameter without deformation

Icing Conditions:
Solid ice-density 56 lbs/ft3, ½” radial thickness

3.3 Safety

The tower design shall include all features to produce a facility in which safety has been incorporated to conform to established safety codes and regulations.  The tower shall be in accordance with all Occupational Safety and Health Administration (OSHA) requirements.

3.4 Service Life

The tower shall be designed for continuous operation within the load combinations in paragraph 3.1.10 and the environmental conditions in paragraph 3.2 during 20 years.

3.5 Special Tools

Special tools shall not be required to service the tower supplied equipment as stated in paragraph 3.1.

4.0 Quality Control Requirements

This section establishes the requirements and criteria for verification of ASDE-3 self-supporting tower performance and design characteristics.  Verification of all FAA design characteristics.  Verification of all requirements shall be accomplished to the satisfaction of the FAA.  Where the FAA requires tests, the contractor shall provide a test plan to the FAA for approval.  Table 1 shall apply.

4.1 Design Verification

The compliance of the tower with the design and performance requirements stated in paragraph 3.1.10 shall be verified by the subcontractor through an analytical method.

4.2 Site Testing

The site shall receive the following tests and/or inspections.  The contractor shall correct discrepancies.

4.2.1 Mechanical

Platform horizontally and tower verticality shall be determined to be within the allowable established tolerance. 

Pedestal mounts, tower outlines and other dimensions shall be inspected for drawing compliance.

4.2.2 Electrical

All wiring, including lamp assembly, utility outlets and maintenance hoist installations, shall be inspected for drawing and specification compliance.  At the discretion of the FAA, voltages shall be verified for compliance with OSHA and drawing requirements

Lighting circuits shall be verified to establish resistance values at test currents above 10 amperes (dc) from the top of the tower to the ground plane.,

4.2.3 Certificate of Compliance

Test data shall be supplied and the contractor shall provide a Certificate of Compliance to the specifications. 

TABLE 1.
VERIFICATION MATRIX

REQUIREMENT
PARAGRAPH
ANALYSIS
DEMO
INSPECT
TEST








General
3.1


X


Tower Structure
3.1.1


X


Installed Radar
3.1.1.1





Lightning
3.1.3
X

X


Lights
3.1.4


X
X

Foundation
3.1.5
X




Equipment Kit
3.1.6


X


Finish
3.1.7


X


Mechanical Interface
3.1.9


X


Tower Platform
3.1.9.1


X


Interconnect
3.1.9.3


X


Stress, Deflection and Natural Frequency
3.1.10.2

thru

3.1.10.6
X




Safety
3.3


X


Service Life
3.4
X

X


Special Tools
3.5


X


ATTACHMENT 1

ASDE – 3

MOUNTING PAD REACTIONS FOR

QUADRUPOD WITH 120” LEG SPAN

CONDITIONS


GRID PT
T1
T2
T3







Conditions
Grid PT
T1
T2
T3

(A)

85MPH
1

2
1654 lb

-1053 lb
1656 lb

888 lb
-2283 lb

-423 lb







No Vertical Legs


3

4
-289 lb

890 lb
-287 lb

-1055 lb
1399 lb

-462 lb







(A)

130 MPH
1

2
1098 lb

316 lb
1099 lb

-702 lb
-4173 lb

152 lb

No Vertical Legs
3

4
2114 lb

-700 lb
2116 lb

314 lb
4438 lb

113 lb







(B)

130 MPH + ICE
1
2384 lb

-970 lb
2386 lb

585 lb
-4673 lb

-348 lb

No Vertical Legs 
3

4
827 lb

587 lb
829 lb

-972 lb
3938 lb

-387 lb

NOTE:
No load factor is used in the above calculations.

(A):
Per FAA Order 6480.7A, Paragraph 170, Loading Combination Case Number 3

(B):
Per FAA Order 6840.7A, Paragraph 170, Loading Combination Case Number 5 (No Seismic)
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