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Incorporated in 1990, CEI has become a leading provider of engineering services

for the commercial broadcast industry. Our engineering staff has provided design

services for a multitude of fabricators on over 1000 broadcast towers projects. CEl

offers structural analysis, electrical lightning and ground syst

em analysis and design

as well as corrosion -related services.




The followingis a written version of my Power Point preseritat

bearing the same titlehoroughly explaining the major causes of

catastrophic tower failureAncillary material emphasizindailure
preventionhas been added and offers viable methods for

safeguardingexisting structues and future projects

ABOUT THIS REPORT

The facts and statistical datecluded in thdollowing Tower Failure documentrethe result
of considerable research, includiagin-depthstudy using a compilation of dava reported
broadcast tower failurezccurring inNorth Americadating back td96Q The information
contained in 96 different case studoedlected over this 5§ear sparallowed us to determine
the five (5) majorcausesesponsible fotowers failire Not content with merely reporting the
reasons fofailure, we took this project to the next level by providing clear insight as to what
could have been implemented to prevent these deleterious events.

Of particular significance is that our study was bas#dlyon failures of broadcast towers
anddoes not reflect similar events in the cellular tower industry, structures leZ0tftal® o r
thoseoccurring in othemdustries.

It became quite clear during the study tieet 196 06s and 19706s were ¢
underreporting.Translated, thactual figures concerning failure rates &aigher reflected during
these two dedes.

Sixteen years was the average number of years a tower remained in service. Quite a few
structuredailed duringthe construction phase or just after completiSeveral stabns reported
multiple failures, and @k toa variety of circumstances. n® unfortunate station lost its tower
five times!
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TOP 5 CAUSES OF TOWER FAILURE

CONSTRUCTION ERRORS 31%
|CE 29%
SPECIAL WIND 19%
AIRCRAFT 11%
ANCHOR FAILURE 10%

Construction Errors, the #1 Cause of Tower Failure

31% ofall tower failuresfall into this category. Ironically, a lack of engineeringelated
oversightis primarily to blame. Poor judgmenand/a misuseof basic engineeringkills by
crews during new tower erection and reinforcement of existing strucigraécanty increase
the risk of failure.Many of these errorsan be attributed to having little or no understanding
when it comes tthe temporaryconstructionrelatedforces applied tatowerandits
foundation during erection and reinforcement projects.

California AM Tower Falls during Construction

March 18, 2008 On Saturday, KFAM personnel -
welcomed the lorgwaitedconstruction of their 684oot / ==
guyed tower in La rida, CA. However, at 2:04 P.M. = ».\ .
today, they watched in disbelief as the new tower crashe, =
the ground as a tower crew prepared to pull tension on t [
third level of seven guy wires. A tower riggenployed by }/‘\l’
the erection contractor, Seacomm Erectors, Inc. of Sulta =" 24
WA, received minor injuriesThe tower was engineered : o fas
and manufactured by Magnum Towers, Inc. of Sacrame

CA o




Joplin, MO -- MAbout half of the KSNFTV
tower came dowthis morning during an antenna
change. A large section of the broadcast tower fel
crushing a vehicle and causing damage to severa
homes i nJoplim@&obe May 8 2009

On March 21, 1997 AKNOE-FM suffered a catastrophic

collapse of its brodcast tower. The 1,989 foot tower, roughly

545 feet taller than Chicagobds S
result of a maintenance crew's failure to install a temporary

support structure during the replacement of diagonal braces.

Of the three workers on thewer at the time of the collapse,

one was killed, one fell into a satellite desbout 12 feet above

the ground, and the third walked away, virtually unharraed.

THE THREE MOST COMMON REASONS FOR TOWER FAILURE DURING CONSTRUCTIONARE:
# [nsufficient Rigging Plan
#* |nadequate Reinforcement for Construction Loads
* Guy Wire Slippage

1. INSUFFICIENT RIGGING PLAN

It is not uncommon for a contractor to have rsufficient orevennon-existentRigging
Plan to serveas a guide during tower erection or modificatiom eAgineeredstepby-step
planoutlining theentire construction process should be developefiire commencingny
tower work Such a plan isritically important forensuring properdchnique and equipment
areusedduring eactoperation, as well as to ascertaihetherthe structure in question can
adequately support the anticipatamhstructiorioads.

Rigging plangnaybe extremelydetailed or very simple dependingthe lift
requirements andvailable equipment, but showdtivaysbe mandatory Separateigging
plars are not necessarily requiréat eachindividual lift. If lift conditions are identical or
very similar topreviouslifts, a prequalified plan may be duplicatetmplifying the time and
effort involved in plan preparation.

Further explanation and rigging plan templates can be found IHAhd.019 Structural
Standard, annex D
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2. INADEQUATE REINFORCEMENT FOR CONSTRUCTION L OADS

Construction loadmust be onsidered during) the design phasg) new
construction an@®) when modifications to an existing structure are made. These

include:

a)

b)

3. Guy WIRE SLIPPAGE

Structure Dead Loads(weight),Live Loads (wind), Construction
Equipment Loads (gin pole and rigging block loads) apdtential unequal
loading from guy wires (slippage). Live Loads from ice or earthquake for
construction activity are typically not considered.

Loads are classified as eitf@perational(during construction activity) or
Non-Operational Operational contdbns such as during lifts, assembly or
dis-assembly of the structure or manipulation of guy wires can occur with
effective wind speeds of up to 30 mph. The structure must be capable of
withstanding wind forces of a minimum of 45 mph up to 90 mph, depgndi
upon the duration of the construction project. The structure in any assembled
state must menentopetatorab f wi hdwkspegeds

Construction Period Minimum Factor

Continuouswork period  0.50 (0.5 x 90 mph = 45 mpl

Less than 24 hours: 0.60 (54 mph)
(overnight conditions)

24 hours to 1 week 0.67 (60 mph)
1 week to 6 weeks 0.75 (67.5 mph)
6 weeks to 6 months: 0.80 (72.0 mph)
> 6 months: 1.00 (90 mph)

[Wind Speeds are 3Second Peak Gust]

The potential for guy wire slippagkiringnew
construction or during guy wire changd anexisting
structureis oftentimesdependant othe tools and
equipment used.

Guy wire slippageausesinplannedand often unequal

forcesto be placean the structure. In many casas
dynamic change in the loadj cordition of the tower
connections results.

Guyed towers argypically designedsothe majority of

the verticaleg members are in compressi@xperiencing virtually neension forces.
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Consequentlythe loss of aingleguy wire during erection of a new tower or when
reinforcingan existing towerwill put unexpected tension loads one or morgower legs
oftenresulting in failure.

Rev G, initially released for publication in July of 2005 thelatestrevision of the
ANSI/TIA -222Standardii St ruct ur al Standards for Antenna
and Ant.dmemneaisod became mandatory on Jaypda 2006. Thiswas the first
version of the tower Standard to specify a minimum leg splice tensile strength and define a
procedure to eval uat e ANSIAIArlOlRAGsIthe first $tandacdo n d i t i
to specifically address guy slippage odden release during construction.

Without sufficient guidance, these omissions by some tower designers resulted in
insufficient weld capacity and/or insufficient connection bolt capacity at the leg splice plates.
The insufficiencies oftentimes reged in tower failure when slippage or guy release
occurred.

The following tools and attachmentknownto slip guy wire:

et
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(In-line cable splices and Friction type grips without tutmacksy

[llustrations of recommendedools andattachments are shown below:

|
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Turn-backLoops with
CableClips
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CURING CONSTRUCTION-RELATED

TOWER FAILURE
Construction crews am@utinely requiredo ANSITIA
make engineeringelated decisions/etmost lack STANDARD
training andor formal educationo effectivelydo so.
More and noreresourcesrebecomingavailable to )
. . . Structural Standards for Installefion, Aberation and
enableconstruction personng& maintain a safand Mainisnancs of Antsana Supporting Structures and
productivework environment. Antennas

The ANSI/TIA 1019A Construction Standard
is the sourcefor information and guidance relating
to tower erection and maintenanear\sces. The
publicationprovidesStructural Standards for
Installation, Alteration and Maintenance of
Antenna Supporting Structures and Antennas

TIA-1018

Teleoommunicatiors Industry Assoclatan
TR14.7T Sub-committes

Compiled by théTelecommunications Industry || 5afety Faciliies Task Group
Association TR14.7 Subcommittee, Safgt
Facilities TaskGroup, the Draft of thellA-1019has been quot eBESGs provid
PRACTICEO gui dance for tower erection @muddesmai nt e
specific guideline$or tower erectorsvhenapplying loals to towers during erection or
reinforcement Securing the services of gualified, handson engineerto assist with your
construction plan and provide ovesite of the entire process is the best alternative.

A broad range of topics are addressed in this Standard

# Construction Considations

# Gin Pole Operation and Use

# Loads on Structures During Construction

# Gin Pole Analysis and Design

# Gin Pole Construction

® Procurement and User Guidelines Note: Adherence to this standard
* Rigging Plans _ could have avoided®% of

¢ Wire Rope Connections constructionrelated tower failures.
L

Evaluation of Tower Sites
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#2 Cause ofTower Failure is Ice and Windwith Ice,
accounting for 29% of all tower failures during the 50year
span included in our study

WATERLOQ, February 24, 2007 The
upper half of th&KHKE tower collapsediuring
an ice storm "There was over an inch of ice 0
the tower and coupled with 3Go 40mph
winds, it just toppled said KHKE and KUNI
General Manager Wayne Jarvis.

. “” e N ]

Prior toRev G, oldertowerdesign codesffered little if any information regardirige and
theresultanteffectsthis additional weignt and stress placed towers Subsequently, there was
nothing mandating thate and windwith ice be addressed during the design phas®CE 7-

05 Standard significantly reorganized provisions for seismic design of structures, as well as
revisions inthe provisions for determining live, flood, wind, snow, and atmospheric ice loads.

Historically, quidelinestakingrealisticamounts of
ice for a particular regiomto considerationbased on
HE s | Climateand the appropriate winds that should be
appliedwith ice for these icgrone regions of our
country, were virtually norexistent. Rev G of ASCE
7-05 Standardbrought these critical guidelines.

Amorons Saclety of il Buglusnrs Ice accumulation on a structure incredseththe
Minimum Design Loads area and weightgsulting inadditional force.
for Fuildugs aul Increased surface area captures more yagdatingo

Other Structures X
more wind force on the tower and appurtenances.

This dcoument uses both the International System of Unita (S1) and oustomary units

AscE £

Published by the American Society of Civil Engineers
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In reality, Ice andWind with Icemaybe the culpritin a
significant number of tower failures. Logic tells us that if
proper considetans had been made, following published
. guidelines during design, fabrication and installation, the #2
b, S cause of tower failure may NOT bee or Wind with Ice.

: Comparison of Previous Codes
{ : to NnGo Code
| | A350 futibtyo 4

guyed tower 1\

} A Typical FM tower N
A Designed using the 4
iCo c oodee,
A Analyzed using (1)

iF0O Code, Wi;
A Analyzed using (2) R
iGo Code, wil. NG
30 pstNo Ice

The now defunt Utility Tower Company designed and fabricatied above tower (diagram
above)usingthe specifications set forth in tlgA -222-C designstandard in which no
mandates for accumulation of ice were written.

The tower is analyzed using both thié\/ EIA 222-F code and th&NSI/TIA 222-G
Standard.

The following graphic diagrams contrast the differences of designing a tower uskidthe
222-C, TIA/EIA -222-F and theANSI/TIA 222-G codes of the industry tower Standard.

When the tower was anyaled using the original design cod#A 222-C, no stuctural
deficiencies were noted, but ice accumulation was not considered, either.

In analyzing the tower using tA@A/EIA 222 F Standard, again the tower leg members
were well within their allowable capacity. HoweveusingthecSt a n d suggesiedl 0 o f
radial ice with 87% of the one-in-50-yeardesign wind speedhe tower legs were owstressed
in the midsection of the tower.
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In the followingdiagramsthe green line indidas the tower leg compression stress. The heavy
black line indicates the tower leg capacity. The diagram on the left portrays the tower leg stress

to capacity in the Ano icedo condition. The d
capaciyc onsi dering the optional and Apurchaser sg
75 mph with No Ice 65 mph with 1/2 inch of Ice:

e R = L TNUEFTN L .orifFey T T8
VElS P F - TS o Compression (Ib)
m o =sidaors (B

B LT = Tl TR ]

e e ———

OverStressed

Noteabove right the overstressed condition, using theA/El A-222-F reduced wind speed
and Yz inch of ice, is clearly visible in the rgdction of the tower

10|Page



Compare this to the same tower analyzed uBieg G of the TIA/EIA-222 Standard shown
below

Rev G 90 mph (3 sec) = Rev F @ 70 mph Rev G 40 mph(3 sec) with % inch ice escalating
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Using theRev G, the tower legs are no longer oxggressed in the migection, as was the
case using the oldér Standard. Now, stress is indicated in the lower section of the tower legs.

The high windspeedof 222-F with 2 inch of ice may also cause one or more levels of upper
tower guys to be replaced, in contrast to u@agG tower wind speed with more ice, which
would find the guys satisfactory.

If the original towerwasraif or ced t o meeR6 tcloal el d Dsadagc d hri &t @
would have created additional stress to those portions of the tower previously deemed

insuffici &htcadeé ngnalhys ids . ingthisntowerttohmeettheavor d s | roo
deficerci es i ndioatSead nidmrtdhenfal ysi s would actuall
failure. Why?
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The case studgn the previous page exemplifidsficiencies of previous design codes.
Many areas of the country have greater ice thicknessradation potential than %2 inch radial.
In addition, the wind speeds with this greater ice thickness is much less tha2P&Fat
requires. The discrepancy in ice with wind loading of previous codes has resulted in most
existing towers having design flawEven if Ice was stipulated by the tower purchaser, the
amount and resulting increased weight were insufficient compared to actual icing conditions now
considered.

Cure for Ice and Wind with Ice:
Revision G of the ANSI TIA/EIA222

Revision G of he ANSI/TIA 222 Standard, effective January 1, 2006, introduced a
mandatory ice loadingpecific for local county criteria. This revision is based on tower height,
elevation and exposure. Through understanding what was lacking in previous designstandard
regardinglce andWind with Ice,i t 6 s geé how failurésattributed to insufficient design
and those failures blamed on Mother Nature, in this ¢esegndWind with Ice, become
increasingly difficult to distinguish.

Annex A of the 222G provides the broadcast tower owner and tenant a list and explanations
of the procurement specifications required for purchasing a new tower and for purchasing an
analysis/modification for existing towers. The primary items necessary for inclusion in the
procurement specifications for (1) new towers and for (2) analysis/modification to existing
towers, with respect té¢/ind andice are:

P Structure classification
P Threeseconegust basic wind speed and design ice thickness
P Exposure category

P Topographic category

Map Ice* Max Radial Thicknegs*
1 O
| o
130
10
1 10 3.50
*Based on 30 to 40 mph winds

3-SecondGust Basic Wind Speed Map and Design Ice Thickness, above
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Annex B of the 222G includes a county listing of miniom basic wind speed without ice,
shown lelow:

REV G 3-SECOND BASIC WIND SPEED MAP

- 90(40)
10045)
110(49)
120(54)
130(s8)
% 140(63)
By
7, 130(58)
1
9063 qaqm) 140(63) 140(63)
"1 150(67)
1 %
90(40)
- 10045) /130(58)
110(49) 120(54)

b o Hawaii 105 (47)
=, Taorss Puerto Rico 145 (66)
- Y Guam 170 (76)
R e T Virgin Islands 145 (65)
American Samoa 125 (56)
Notes:

1.Values are 3-second gust wind speeds in miles per hour (m/s) at 33 ft. (10 m) above ground for Exposure C terrain.
2.Linear interpolation between wind contours is permitted.
3.Islands and coastal areas outside last contour must use the last wind speed contour of the coastal area.
4.Mountainous terrain, gorges, ocean promontories, and special wind regions must be examined for unusual

wind conditions.

Resources are available tmoadcast owners and tenatdestimateand fairly easily
determine théeasibility of upgrading thetower from the original tower design parameters to
Revision Gof the 222 Standard Similarly available aranethods fodetermiring the
feasibility of equipmentnd/orinventory changes tatower. Contact CEI fordetailed
information and pricing.
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Special Winds constitute the#3 Cause ofT ower Failure

Hurricanes, Tornadoes and StraightLine Winds accountfor approximately 20% of all
disasters. As with Ice and Windwith Ice failures,subpardesign, fabrication and installation
techniques arfequentlyto blame. The design afianystructures isiow considered obsolete
due to inadequatand/or inaccurate wind speed maps and
oversimplified, outdated methods of calculating wind
force.

AOn Saturday, May 10, 2C¢C
through the Midwest. A tornado touched down in Peori
IL. Three out of the four towers were topple 0See
photo, right

storm m

AAbout 10: 30 Wednesday nigh
thunderstorm with straight line winds in excess of 60
mph moved t hr ou@drylLbeard: co, MO
KXEO and KWWR's tower failure August 2000.
See photoleft

Keep in mindminimum design wind criteria for this area was 70 mph, fastest mile wind
speed. According to the news report, the tower failed during a 60 mph wind -geso&l
average wind speed) when the tower was allegedly designed to meet a 70 mph fastest mile wind
speed which is equivalent to an 85 mph gust@e8ond average wind speed!

In other words, the tower should have been able to withstand a @iseocondaveragewind
speed of 85 mph, yet fell during a 60 mph gust. Was this tower failure realylaof
excessive wind speed? Probably not, but insurance companiggudyt when poor designs or
improper maintenance are to blame.
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Outdated Wind Maps and Oft-lgnored Design Variables
Hampered Earlier Tower Desigis

Compare the two mapshown lefand
below The map on the left was published in
theEIA RS-222 (A-C), the Standard from 1949
to 1985. Thé® thruF Standard,

SIS\ g < implemented in 1986, brought us thastest
S I iimeoomo | Mile Wind Speedsee below

ce Table1 ‘or Zere

Explanation and Expression of Wind
Speeds ad Wind Force

The EIA/RS-222-C Standard converted a
Obasicb6 wind speed t
country was divided into three separate areal

The

eaCh W|th d|ﬁer|ng W|nd pressure fastest-mile wind speed (mph) — 50yr annual probability
requirements. Zone A required a 30 psf
deS|gn. Zone B requ”ed @@Sf deS|gn and Used in *RS-222-D thru F” Standard

Zone C, a 50 psf design. Tower designers
werenot required to determine the appropriate
dictated by the map, shown above.

TheEIA/RS-222-D through F Revisiors eliminated the simpligd three zones and their
associated wind pressure by substituting a oO0w
according to location. Wind speed was referred teastest Mile Wind Spegdr the average
speed measured during the passage of oreeahvind. In other words, the average time

bet ween the peak and lull wind speeds fluctua
example, a 60 mph fastest mile wind speed would represent an average of the fluctuating wind
velocitiesfor60secondsl hi s i's not the wind speed reportec

what county building officials expect to see displayed on submitted tower designs.
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The ANSI/TIA -222-G Standard revision adopted theeak Wind Speedesign method:
a 3-second averagef the recorded peak wind velocities. It is in keeping withitbernational
Building Code (IBC) requirements recognized by most state and local building authorities, and
the preferred method for accurately calculating wind velocity.

Simplified, a design using th€ Standard for ZoneA wind speed is equivalent to &n
Standard design using 70 mph wind speed, which is comparablé&x&tandard design for85
mph, exQposvime &peed design.

Exposure Categories

Another eample of tower design variables not mandated in pre\D@assgnStandards.
Exposure categories relate to ground roughness which may affect wind velocity by reducing or
increasing the wind speed, deviating from the wind velocity specifiégppendix B of the
DesignCode.

It is important to have goodunderstanding of Exposure Categories #nair effectsvhen
analyzing an existing tower duringthe design phase of a new towetistorically, the burden
was placed on thgurchaserto determine and ne appropriate Exposure(s).

The following information was included in tiR®wer Pointpresentation on tower failures
and provides detailedescription®f the threeExposures(B, C andD), none of which were
addresseth previous Standards and Regiss

265 Exposure Categories

£2.6.5.1 General

An exposure category that adequately reflects the characternistics of ground surface ireqularitiss
at the site shall be determined. Account shall be taken of vanations in ground surface
roughmess that arise fromm 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
E surrcunds the structure in all directions for a distance of at least 2,530 ft [800 m] or ten
times the height of the structure, whicheveris greater.

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

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

* Urban and Suburban
+« Wooded Areas

« Filled with Obstructions the Size
of Single Family Dwellings

« Must surround the structure at
least 2,630 ft or 10 times the
structure height in all directions
whichever is greater

The photographsabove illustratevariations in ground roughness with respect to urban,
suburban and wooded ared%he wind at ground level is reduced compared to Exposure C. This
reduction dininishes with height, making the overall reduction less significant for taller
structures.

Exposure C: Open Terrain

Open Country and Grasslanal® included in this category, see phdkelow

< Open terrain with scattered obstructions having
heights generally less than 30 ft [2.1 m].

= This category includes flat, ogen country,
grasslands and shorelines in hurricane prone
regions.
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Exposure D Unobstructed Shorelines

Flat, unobstrated shorelines exposed to wind flowing over open water, mud and salt flats are
included in Exposure D, with the characteristic of increased wind loads at ground level compared
to Exposure CPhoto,below

«  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 D include inland waterways, lakes and non-hurricane coastal areas.
Exposure D extends inland a distance of 660 ft [200 m] or ten times the height of the structure,
whichever is greater.

« Smooth mud flats, salt flats and other similar terrain shall be considered as Exposure D.

Topographic Categories and Terrain Variables

Theinclusion ofTopographic Categories also referred to aberrain Variables in Revision G
is one example of design parametersthé t hr u F&6 code failed to man

There are five (5) categories used to determine increases in wind loading for sities $in
hills and other elevated areas (not including buildings). The topogragmnapeand relative
height of a site determines the increased wind lo&imosing the correct category can
significantly affect both the capacity and cost of your tower.

Height is not equivalent to elevatiomdeight above the surrounding terrain must be specified
to properlydetermine the increase in wind loading

1) Category 1 Flat or rolling terrain that does not require wind loading.

2) Category 2 Gently sloping terin or escarpment. Wind loads at the crest are 2.0 times
the wind loads for a flat site. Height for the category is the difference between the upper
and lower levels, with wind loads applicable for structures located in the upper half of
the sloping tenain.
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3) Category 3 Sites at the top or upper half of a hill. Wind loads at the top of a hill are 2.3
times those on flat land. Height for a hill is the difference in elevation between the top
and bottom of the hill.

4) Category 4 Sites located at the top afridge have a wind load 3 times those for flat
sites. Height for ridges is the difference between the top and bottom elevations of a
ridge.

5) Category 5 The category reserved when ssgecific investigations must be performed
to determine wind loadingT he si te candt -4above bacauspofr i zed
unique or unusual conditions.

UNDERSTANDING TIA-222 - REVISION G

Tower—  Elevation 2,150

600’

Height of Site —s

Average Elevation cf—l

Surrounding Features Elevation 1,550

Average Height
of Surrounding
Terrain ————>

300°

2 Mile Radius 2 Mile Radius

H=2,150"-1,550"= 600"

Wind speed-up must be considered when H exceeds
2 times the average height of surrounding features.

filn every wind induced tower failure | have
investigated, the tower wouldot have passed the
current design codeésays Forensic Engineer, Ernie |
Jones,PE, of Consolidated Engineering, Inc.
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Cure for Special Winds:

i R &sion G is the best tool available for both new tower designs and analysis of existing
structures. It allows the engineer to finely tune the tower to meet the correct wind force
citeria while affording the flexibility to adj
again, the words o E | Errse Jones.

The necessity of having a thorough understanding dst@®deshould be quite clear by
now, and not only with respect 8pecial Winds.

Basic Wind Speed Map TheA N S fastest miléwind

speed has been replaced. The new
Revision requires that wind loading
be calculated according to tBe
secondgust wind speed (ASCE),
all owing the tower 6s
accommodate instantaneous loads.
Most National Weather Service sites
record3-second guswind speeds

|3 SECOND GUST SPEED @ Doing this providesnore accurate
JegE averages foRev-G andthose
revisions yet to be written

TheG Standard also recognizes wind speed as a function of tower height. The effects
wind on a tower are no longer based on a single wind zone chart, but rather a number of external
conditions that might change the dynamic of wind, such as terrain.

As discusseearlier, Revision G of the TIA/EIA-222 Standard mandateshe considerabn
of various types of errain (exposure B for rough surfaces, exposure C for flat surfaces, and
exposure D for smooth surfaces). Choosing wisely is criti€gposure D results in the most
stringent loading.Previous versions of the Standard were daseexposure C conditions,
unless the purchaser specified otherwisgposure B can actually reduce the wind forces on the
tower.

Topographic Featurescan create significantly higher wind speeds as wind passes over them.
The Standard provides deitions of various types of topographic features, all of which must be
considered in the design. The Standard also allows the use of more sophisticated methods when
accurate topographic data is available. The appropriate type of topographic featureuttiugest
must be included in the specifications. If not, the default condition assumes that a structure is not
located on a significant topographic feature. In this case, the design would lack any wind
fispeedupo considerations.
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DUE DILIGENCE IS REQUIRED!

't i s Iimperative t o sébieepecific TowarDegignRPaametelrse n usi n
Dono6t yowtbwer salesman to define what isyiour best interestsA proactive approach
is necessarwhen determining the specificatiottsbeimplemented for your new tower with
analysisof an existing structureDon 6t hesi t at e .tConsudtisgkEngineernng gui dan
firms will provide this service. The cost of obtaining Structural Specificaffons new tower
or tower reinforcingyanges from $30.00 and $2,500.00, depending upon the size of the project.
The ANSI/TIA -222-G Standard is not exclusive to future project&xisting towers should be

analyzed and brought up to the Standard, when indicated.

Keep in mind, the Standard spé f i ensmiimund e ¢ Orequieedduriag design and
fabrication. Owners should augment the minimum specificationspsitfiormancerelated
design criteria. One examplevigth usingincreased tower twist and sway requirements,
intendedto enhance d@annae performanceContact CEI for antenna performancéased tower
design reommendations and specifications, as well as guidance in determining the correct
environmental factors.

Basic guidelines when new towers are under consideration:

. Always piovide sitespecific bid specifications

o Design toRew-G Standard

o Use sitecorrectvariables in specificationsotdefault values

. Recognize Aminimum requir erageiremnents and sub
o UseAlSC Certified Providers

When working with existing towers, solutions for ice and wind always include the
following:

o Remove all unused appurtenances

. Structural analysis usirgev-G

. Reanalyze when changes are considered
o Annual inspections, including anchors

o Preventative maienance
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Wind and/or Ice isNOT Always to Blame

December 11, 2007 © By
Phillip Walzeri The par e
company of WSKYTV has sued |
the builder of a tower that toppledj#&
in 40 mph winds in Camden ‘
County, N.C., in March, saying itS{i
work was shoddy fnm start to pe
f i ni Wdzer commented
further sayingiThe suit reads like
a lament against a sloppy
contractor. o

Thereis much to considevhen discussingarious reasons for tower failuré poorly
constructed tower may offer many years of serfiefore tumbling to the ground. Although the
failure may officially beattributedto environmental factor$or examplewind and/or ice,
design and fabrication errors independent of or coupled withgor construction are more
often the root cause ofifare.

We can catgorize these types of failures as eitRssviderInducedor OwnerInduced
Provider-induced failures include those caused by:

* Design flaws

# Fabrication flaws

# |nstallation flaws
Owner-induced failures include the following:

* Overloading

# Failure to properly maintain
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Design Flaws

TheWJJY incident in Bluffs, IL is an excellent example bbthpoor design and
overloading.

AThough it would appear ice was the cause of
illustrates a failure to accurately plan for climatic conditions typical in this region, coupled
with an underestimation of the antenna wind load. The tower collapsed during a massive ice
storm exposing a serious design flaw in the tower. The tower hashlzkesigned for a much
lighter antenna and couldn't handle the additional weight of the ice or the wind load.
Ironically, another station, WANDTYV, also in Illinois, suffered an almost identical failure the
same morning as WJJY wdwerrrashed o the grqundo Anupperei r 10
section of antenna broke loose, falling through the guy wires. Both stations had similarly
designed towers installed by the same company. Again, the tower was not designed for the
heavier antenna load and theiceeveal ed t he flaw in design. o

Fabrication Flaws

Fabrication refers to the methods used to piece a tower together in th&lstopargin for
error with respect to fabrication is very small. These startling photosowedfrom my Power
Point presetation were taken after a tower collapsethey illustrate jusbneof the many
possible types of fabrication error¥he reason for collapse wiasufficientweld penetration
causing dower legto breakfreefrom the flange.See photos, below
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Installation Flaws

The photograplibelow is anextreme yet not uncommogxample of amnstallationFlaw.
Failure to remove the casing after the concrete was poured reduced the foundation skin friction
and uplift capacity.

Cures for Provider-Induced Failures

The i mportance of securing a quanphadizedked f abr i
Never trust your project to an uncertified provider. Consider using only American Institute of
Steel Construction (AISC) Certifigdompanies.
Al SC fimember o and Al SC
equivalent to being AIS
a company is currently certified visitww.aisc.org
t hen fiodaicertkieditompany .

SCERTIFIED|| Teo det
<FABRICATOR

Additional proactivemeasures should be
conductedwhen any type of tower work is considered.

1. l nsert a copy of MAAdher elnc3e6 tSa amMNIKalr/dTsIOA 1 1Ink
specifications and contracts

Quialify youcontractor
Request copies of insurance
Request copies of Engineered Rigdiigns prior to commencing work

Check references

o g A~ W N

Donét hesitate to ask agpupeesatri ornisg.ht ,I fi ts opmeothb
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Cures for Owner-Induced Failures

1. Develop and Implement anAntenna and Transmission Line Management Program
including:

a. AccurateEquipmentinventory. Often a new tenant installation will require a structural
analysis. Knowing what is on your tower will increase the accuracy and reduce the cost
of this study.

b. Document tenant leases(s) atetermine the lease matches the actual installaiake
surethe lease accurately describes the antenna/line wind load and verify the data is
correct.

c. Reorganize transmission line runs to minimize wind load. This can include grouping
lines to take advantage of wind shielding. Or, often unused transmission lines and
equipment are abandoned and left on the tower.

d. Be reasonable in your tower expectations. Compare the original design documents to the
present tower loading conditions.

e. Conduct a structural analygsior to any major appurtenance change.

2. Formulate a Routine MaintenancePlan (Refer toAnnex J: Maintenance and Condition
Assessment of the ANSI/TIA 222 G Standaréor details):

a. Plan to perform inspectiorsg minimumevery 2 years

b. Inspect the towammediatelyfollowing anysevere wind or ice evenasmd upon
completion of any new installations. Yauaybe surpriseét your findingsafter
allowingthe lease holdesr his crew access to your tower.

3. Heed the recommendatids) containedin the inspection repott You paid someone to
cimbaend document your towero6s condition. Donodt
recommendations.
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Aviation-related incidents, accounting for just over 10% of all
failures, are the4th leadingcause of tower failure

Statistically, no sigle type of aircraft is more vulnerable or likely to collide with a tower than
another. Helicopters, singengine planes and military aircraft have proeguallyhazardous to
broadcast towers. Time of daydaylightversusdarknesshow no pattern ahcreased
incidence. Surprisingly, there is no correlation between the presence of any particular type of
lighting system and collisionWhen combined and scrutinizetiese factors create a bit of a
challenge when addressiagiation issues.

UPPER QUEBEC PROVINCE, CANADA i
AiOn Sunday, Ap-yearbld Qilkert d
Paquette was killed when his singlagine Cessna
150 struck a 1,2%Toot tall communications tower
while flying in heavy fog during daylight hours over
remote region of upper @ub e ¢ P r blateithec
wreckage near thep right portion of the tower.

La Mirada, CA-i On Sunday, December
9:45 a.m. PST Jim and Mary Ghosoph were killed when
their rented Cessna 182P single engine airplane,
travelling from the EMonte airport to Fullerton
Municipal, struck KFI's transmission tower. The solid
steel truss, originally built in 1948, collapsed upon itself,
falling primarily into a parking lot north of the site. The

crash occurred on a sunny, ¢clc

; I ncidentally, on Tuesday, Ma

repl acement tower coll apsed while under const
had been erected when a guy wire support failed, causing the tower to tip over the opposite

direction. Nomajorinjui es and | i mited coll ateral damage

DOERUN, GA - iA military helicopter has crashed after striking the upper portion of
WFXL's 1,00€foot tall TV tower near Doerun in Colquitt County. The collision caused a guy
wire to break loose, openirtige possibility that the steel tower couldfall. And it di d.

St. Petersburg, Florida iOn April 25, 2000 a medical helicopter flew into a guy wire on
WRMD6s 198m (65006) tower. Three peopl e were
hoursin clear skie
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Cures for Aircraft -Related Failures

Without question, make certain your tower is registered with the FAA, even if you are not
the owner, but renting the structure. Tower registration can be confirmed through the following
URL and atering your coordinatesvww.wireless.fcc.gov/antenna

The following are basic guidelines for tower marking, as provided for iRA#eAdvisory
Circular AC -70/74601K:

P TOWER MUST BE MARKED (paited), unless the tower is lighted whigh-
intensityflashing white lights (highntensity strobes) or mediuimtensity
strobes.

P Towers up to 700 feet should has@ven(7) evenly spaced bands; towers from
701 to 900 feetine (9) bands; towers from 90 1100 feetequireeleven(11)
bands and taller toweshould be equipped withirteen (13) bands.

P The tower lighting and marking is the responsibility of theTOWER OWNER
If the tower is shared, a written agreement can be made between the parties
involved as to whose responsibility it is to monitor the lights and to decide when
it must be painted.

One Tower, Two Photos

Non-Compliant Paint (FCC) FCCGCompliant Paint Applied
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Over the past twenty years npanted towers incorporating white strobe systems have
become increasingly popular. Their selling point is lower cost and less maintenance. One never
needs to repaint an unpainted tower.

There are two serious flaws with this philosophy. Althougbb&t or LED lights may work
well on cellular towers they have a tarnished record when placed in a high RF environment.
Secondly, painting provides a diplex protection system for the tower steel. All modern towers
are hot dip galvanized to inhibit corra@n of the steel members. Galvanized coating can
derogate and eventually allow steel to corrode. Paint acts as a second barrier and protects the
galvanizing, in turn, offering extended protection for the steel. There are many advantages of
using timeproven, incandescent red lighting systems and FAA painting schemes on future tower
projects.

Three Basic Lighting Systems

1) Conventional Red Lights: Suitable for practically any tower height, but require painted
markings.

2) Medium-Intensity Flashing White Obstruction Lights: Authorized on towers up to 500
feet AGL and will normally be at full intensity during daytime and twilight hours, then at
reduced intensity during nighttime hours.

3) High-Intensity Flashing White Obstruction Lights: Operate at fil intensity during
daytime, reduced intensity at twilight and even less intensity at night

High-intensity strobes may be required fampaintedstructures over 500 feet. In some
instances, the FAA will permit dual lighting systems when mediumgbrintensity strobes are
used during day and twilight hours and conventional red lights are used at night. Paint is not
required with this configuration, but this tower but is a much better neighbor at night. In many
areas, zoning regulations requireablighting unless the FAA absolutely insists on high
intensity strobes at all times. If this is the case, a station can count on complaints from the
neighbors during nighttie hours!

Painted towers with red lights,belowleft, and Strobe systembelow right.
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Due to the high RF environments associated with TV and FM transmissioe, prefered
lights and painted broadcast towers. Strobe systems are more costly to maintain and more
susceptible to failure. Painted towers offer a dual ptotesystem: the paint protects the
galvanized coating which, in turn, protects the underlying steel.

Proper maintenance and inspections are critical to ensure lighting systems are functioning
properly and t o capac.iisnsponsiblefoeinsgringahatialbtecngal c hi e
operations of the station are in compliance with the Commission's rules and regulations. Making
certain the lighting system is on and working properly each day is part of this responsibility.

Annually, lighting systems should be closely inspected for signs of lightning damage, the #1
cause of damage to tower lighting systems. Additionally, check for signs of electrical arcing,
defined as fAan el ectrical br eakdoimcharge,f a gas
resulting from a current flowing through norm
also occur when a low resistance channel (foreign object, conductive dust or moisture) forms
between places with different potential. Electric ara élre surface of plastics causes
degradation.

The beacon should be unobstructed and not shielded by tower members or antenna
appurtenances. The lens of the beacon must be inspected for clarity. A crazed lens results from
minute cracking, hazing oreéhappearance of yellowing.

Grounding straps should be inspected for functionality. Mechanical and electrical
attachments must be checked and deemed secure.

Aviation Balls are anotheviablesafety measure uséulcollision avoidancethough hey
arenot appropriatéor use in allareas. While thegio make towers and lines significantly more
visible, the additional wind loackteated may outweigh the benefits.

st

L . . -
Le .“'
"-Ir: - ; .

DONOGT SHOOT TILL YOU SEE TH
THEIR EYES!

STAY WITH THE NATI ONAL GUAI

Fali
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The Remaining 10% of all Tower Failures isAnchor Failure!

An earlier study conducted I8tainless Tower, LL&@und anchor failure responsible for 5%
of the broadcast tower failes. The2010CEI Study provides concrete evidence tlaathor
failure is the reasoh0% of all broadcast towers fail We have seen a 100% increase in only 4
years! Whatcausesanchor failure?Corrosionof unprotected and buried steel members can
causeanchor failue.

December 14, 2009, Tulsa, OklahomdWwe
are not totally sure why the towerfeldb s ai d Chi e
Engineer Ed Bettingen Thi s was a surpr
just inspected the tower and tested the guy wire
tension on April 20 and everything seemed dine.

fiWe believe there was some electrolytic corrosion

on one of the guy wire anchors several feet
undergroundd Bet t i mMigedigh windsiard. i
the anchor letting go is probably what did it ird

Corroded Anchor Rods, shown below:
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Corroson of an anchor shatft is the result ofedactrochemical process or galvanic action
causing metal to deterioraté galvanic
cell requires five elements:

Basic Corrosion Cell

1) Anode Metalic Connection e

Electrical
Current

2) Cathode
3) Electrical Path (conductor) Pl
4) Electrolyte

5) Current Flow

-

Electrolyte =~

These fie elements are present in bétkternal (between metals) arldternal (same metal)
corrosion.

Corrosion occurs when an electrical curnsritowing from the anchor shaft to the
surrounding soil. Material migration accompanids thurrent flow with the more refined metl
sacrificing to more noble metals. Galvanic corrosion occurs when theseligenerated
currentresulting froman electrochemical reaction betwebssimilar metals

A guy tower anchor is a perfect example. The cogpaund system is electrically connected
to the galvanized steel anchor shaft through the guy wires. If the soil is conductive (low ground
resistance) the difference in the electrical potential of the connected metals will create an
electromotive force. Tdnguy anchor shaft will sacrifice to the copper grounding system.

Anode (Most Active) ~ Magnesium
7ine C°“c“§i'°"
Aluminum (25) :
Cadmium X
Aluminum (175T) GROUNDING _\II\ CUYWIRE
Steal o Iron Y
Cast [ron 7\\
Lead - Tin solder ‘ { A \ COPPER
Lead \ \§\_\. GROUNDING ROD
Nickel CATHODE Sl %0\
# . -ANCHOR ROD
Brass z \ P
Copper 2E N 3
Rronze 53 Y
Stainless Steel (304) 3 %
Monel Metal <
Stainless Steel (316) INCREASED
Silver ELECTRICAL
Cranhi IMPEDANCE ' ANODE
. raphite CURRENT FLOW
Cathode (Least Active) Gold MATERIAL MIGRATION
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Electrolytic corrosion is similar to galvanic corrosion and occurs when the current source is
external. Radiated or stray current captured by the guy wires or grounding systata fite
electromotive force for electrolytic corrosion. However, the result is the same: deterioration of
the steel anchor shatft.

EXTERNAL CORROSION Caused byDissimilar Metalsin Guy Tower Anchor

R
‘ .'f'}:'».;‘..

THREE SOURCES OF ELECTRICAL POTENTIAL

1. Galvanic corrosion caused by
dissimilar metals

2. Galvanic corrosion potential caused
by dissimilar environments

3. Electrolytic corrosion caused by
stray currents

32|Page



What about HotDip Galvanization?

Hot-dip Galvanizing has proven to be ineffecavfor the prevention of galvanic corrosion.
The main component of galvanizing is zinc. Zinc is very high in the galvanic series and acts as
an anode with the coated steel acting as the cathode. When exposed to the atmosphere (CO2),
zinc forms its owrpassivaton film. However, when buried in an anaerobic environment, the
zinc sacrifices to the more noble metalgh an affinity forthe copper grounding system.

SOIL CLASSIFICATION AND CORROSION
The 4 Elements orClassificationsmost contributory to corrosion are:
1) Particle size and aeration
2) Moisture content
3) pH (Hydrogen activity)
4) Chlorides and Organics

Corrosion Rate.

Soil Type ParticleSize - - -

Sand - |.07to2mm - |Low
Silt. ... 1.005t0.07mm . |lodcias
Clay - |lessthan .005 mm |High

PARTICLE SizE
# Low Corrosion Rate: Coarsegrain soil, less than 50% passing through a # 200 sieve
# Higher Corrosion Rate: Fine gain soil, more than 50% passing through a #200 sieve
MOISTURE CONTENT

Moisture content is typicallyepresented in % moisture by soil weightttoe difference
between in situ soil weight and dry soil weigl@enerally, the greater the moisture @mnttthe
greater the corrosion probabilitjoisture content greater thds% by weight would be
consideredhggressive sail
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HYDROGEN ION ACTIVITY (PH)

Extreme corrosion rates are to be expected in soils haitimerlow or high pH. pH ranges
from O to 14, with 7 considered neutral. A reading below 6 or above 12 should be considered
aggressive sail Soils comprising this list includender, ash, and slag fills, as well as organic
fills, mine and industrial waste.

CHLORIDES AND ORGANICS (NATURALLY -OCCURRING CHEMICAL E LEMENTS)

Chloride concentration in the soil above 50 ppm is consideygressively corrosivior
steel. High levels are typically found in areas ofdristsalt water and may also be present
where deicing operations are pre\ait.

SoIL_SYMBOL SoiL TYPE DEGREE OF RISK
PT Peat and other highly organic soils High Risk
OH  Organic clay A

CH Inorganic clay

MH  Inorganic silts and very fine sands
OL  Organic silts

CL Inorganic clays, silty clays, lean clays
ML  Inorganic silts with fine sands

SC Clayey sands, sandtlay mixtures

SM  Silty sands, sandysilts Moderate Risk

Another simple method for classifying soil through visual observation is through color
analysis. , red or light brown colors indicate large particle, welkrated soil. Thessandy,
lighter weight types of soil do not hold water for long periods. Soils of these colors have a lower
probability of corrosion. In contrasiray andgreen/graysoil indicates smaller particle size
with poor aeration, bringing with it a higher idence of corrosion. These types of soil are easy
to identify because they are clumpy and clayey.
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Cures for Anchor Rod Failure

Requesting grofessionalpn-site evaluation

conducted byan engineering firngpecializingn this
field may ke a worthwhile investment determine

your galvanic risk potential. | suggest contracting wit®
a company such &3El, an independent engineering [
consulting firm with the knowledge and resources to [SA&
accurately inspect and detect active anchor rod

corrosion

EVALUATE RISK POTENTIAL

# Evaluate risk-potential based on anchor environment

* Inspect shaft, depending on evaluation findings

* Install protective devices if active corrosion is indicated

* Replace anchor, if warranted

Inspect the exposed anchoa#th If rust is visible it is likely corrosion is occurring at a
greater rateurther down the buried shaft.

Look for indications of an active, externatlyiven anode bed and other sources of external
electrical currents near the tower. The sesraf
thesestray currentsinclude:

Plating works

DC supply systems in industrial plants
Large direct drive motors

Welding Equipment

DC communications

AM tower site

Stray Current Corrosion

Pipelines are a major concern when dealing with stray currents. attenal Pipeline
Mapping System (NPMS) is a valuable resource for locating pipelines. Their database can be
accessed by visitinigttp://www.npms.phmsa.dot.gov/PublicViewer/
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On-site Testingnvolves gathering information via electrical measurements. The data is
interpreted and used to determine relative risk of galvanic corrosion on buried anchor shafts.
The three measurements taken during this type of osite evaluation are:

1. Soil resistivty
2. Grounding system resistance

3. Electrical current flowon theanchor shaft

Generally speaking, soils with a resistance less than 10,006c@®hwould be considered
corrosiveand less than 5000 Okam extremely corrosive A single 10' by 5/8" diaster
grounding rod with a measured resistance of less than 16 Ohms would indicate a more
aggressive soil. Additionally, direct current flow in excess of 15det&cted orthe anchor
shaft would indicate aaggressivly corrosive condition.Discharged cuent flow of 1 amp for
one year will migrate 20 pounds of steel.

ANCHOR ROD INSPECTION

1. Limited Excavation: used by most installers to check for anchor corrosion before
initiating any type of tower work. The soil around the anchor shaft it excavated to a
twelve to thirty inch depth, revealing the shaft. If corrosion is observed, the shatft is
compl etely excavated and inspected. At th
stability are addressed.

If no corrosion is visible using Limited excavatio at t he 120 to 300depth
conclude corrosion is not present at lower depths. This method lacks real value as it does not
provide a true depiction of possible damage. The most common location for corrosion to
manifest is at the interseen between the shaft and the buried concrete anchor block, not around
the anchor shaft.

Limited excavation is not indicative of rod condition,see photos above
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2. Total Excavation: Involves removing the majority of the soil surrounding the anchor
shaft anl concrete anchor. While providing an unparalleled view of the anchor shatft, this
invasive approach eliminates the majority of the anchor's uplift resistance. For safety and
liability reasons, only experienced excavators are able to complete theséiamspec
This method can be ceptohibitive, with the results are destructive and often tragic. The
digging process could cause the sudden release of a compromised anchor shaft.
Consequently, site limitations can render the anchor impossible to coppbetalvate.

Drawbacks of Total Excavation:

A Expensive

A Destructive
A Dangerous
A

Difficult to repeat

3. Cylindrical Guided Wave-Ultrasound or Ultrasound: Themost promisingnd
effectivemethod for anchor shaft inspection. Most RF engineerfmarndiar with the
process called TDR testing for transmission line. When using a TDR (time domain
reflectometer), an electrical pulse is injected into a coaxial transmission line. This pulse
is reflected if an anomaly is present in the line. Ultrasdasting works exactly the
same with anchor shafts, except that the conductor is a solid round bar of steel and the
pulse is sonic, not electrical. - ,

Ultrasound testing is a practical means for
interrogating anchor shafts from the surface, avoidin 'WA
the poblems associated with excavation. When .
properly administered, this method will locate and 3
estimate the extent of corrosion damage and loss of ¢
material. Ultrasound testing is cesffective and
eliminates unnecessary destruction and liability
concens.




CElIUItraE Test Results

No Corrosion

Loss of Material

Ultrasound does have its limitations. This method is only effective with solid steel shapes
such as a solid or flat bar. The anchor shaft and fan plate joint must afford access to the end of
the shaft, dbwing sufficient room to properly seat the UT transducer. Without adequate seating
area, smaller, less sensitive transducers must be used, and the readings are typically less accurate.
Contact CEIl to determine if Ultrasound testing is feasible for youssite.

CORROSION PREVENTION

A

If the electrical current of acorrosivec el | can be di srupted itds p
corrosion process. Typically, this can be achieved through the use of one or more of the
following:

# Concrete Encasement
* Coatings
# Impressed Counter Electrical Current

# Sacrificial Anodes
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Concrete Encasemerns the traditional method used to lessen the possibility of galvanic
corrosion of an anchor shaft. Until the early 1960, this was customarily included in major
broadcast toweadesigns. Subsequently, with the propagation of FM and AM radio towers,
concrete encasement during construction was widely discontinued as it becaprelubgive;
Concrete encasement is expensive, costing as much or more than the supporting @atkrete d
man anchor. Unfortunately, it cannot totally prevent corrosion. If insufficient reinforcing steel
is incorporated in the design and the concrete becomes cracked, the effects of galvanic corrosion
will not only be focused but intensified.

Coaingsare a less expensive means of encasing an anchor shaft, as they are typically
comprised of bituminous material or plastic tape. Both are fragile leaving them susceptible to
damage during the transportation and/or installation process. Like amcremkarete, if
damaged, the effects of galvanic corrosion will be localized and intensified. Coatings are also
difficult to apply in the field.

Impressed Counter Electrical Currentsan be artificially induced within the tower structure
opposing he polarity of the naturally accruing electrical currents of the galvanic cell. Although
this method has proven very successful in protecting structures such as underground pipe lines, it
is not practical for use with most guyed towers. In addition $thcmstallation, this method
requires constant monitoring and adjusting to keep the counter current balanced and the galvanic
cell current balanced. Owgrotection can lead to galvanic corrosion and may also hasten
corrosion in norprotected structures

Sacrificial Anodesoffer the most effective protection. With a sacrificial anode, the base
metal is much higher in the galvanic series than steel. Translated, if the soil is sufficiently
conductive, the anode sacrifices to the anchor shaft preyets corrosion.

STEEL ANCHOR
SHAFT

-lo)

MAGNESIUM /
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Unfortunately, sacrificial anodes may
simultaneouslyeducethe effectiveness of the o ’;‘\-‘ A
tower grounding system via the transference ¢ ,«&_ ._ﬁﬁn 3 PR
insulating material directly to the grounding y 51 TRy
electrode. Thphotq right, displays a
grounding rod originally connected to a tower
guying system which employed a sacrificial
anode. Notice the isolative "coflali k e 0
coating the grounding rod. Increased resista
in the anchor grounding system increases the
likelihood of damage to the anchor as a resul
a lightning strike.

TheA G R oislafviable option for
avoiding the problems associated with most
sacrificial anodes through combining the
sacrificial anode and the grounding system. A®@ R oislalchermial grounding rod offering
very low electrical resistance for fault currents. This accessory is comprised of a magnesium
alloy which is significantly higher in the galvanic series than steel. The benefit is seen when the
soil becomes sufficiently condued. TheA G R osddifices to the anchor shafteventing
corrosion. Furthermore, electrical resistance oftl@® R odeédfeases over time, as opposed
an increase in electrical resistance using a standard copper base grounding rod equipped with a
separate sacidial anode

AG Rod

Corrosion Cell A G R oRiofected

With information and knowledge concerning galvanic corrosion becoming more
commonplace for those in our industry, requestEf@r | ndrsinvasive anctosteffective
Ultrasound anchor rodspetigtgti mgpacti om méehodsi
popularity as an extremely effective tool for detecting anchor rod corrosion determining the next
step(s) in saving a structure.
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