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BEFORE THE FLORIDA PUBLIC SERVICE COMMISSION

In re: Proposal to require local exchange ) Docket No. 060077-TL
Telecommunications companies to ) Filed: March 22, 2006
Implement ten-year wood pole inspection )
Program. )

)

VERIZON FLORIDA INC.’S PROTEST
AND REQUEST FOR FORMAL HEARING

Pursuant to Rules 25-22.029 and 28-106.201, Florida Administrative Code,
Verizon Florida Inc. (*Verizon”) hereby protests the Proposed Agency Action Order No.

PSC-06-0168-PAA-TL (the “PAA Order”) and requests a formal hearing.

I INTRODUCTION

1. In the PAA Order, the Commission orders that local exchange companies
in Florida, including Verizon, must conduct pole inspections on an eight-year inspection
cycle, which inspections “shall be based on the sound and bore technique for all poles”
and must include excavation for all Southern Pine poles. (PAA Order at 10) The
Commission bases this ruling on claims that pole deterioration is a major cause of
hurricane damage and outages. (PAA Order at 2) The Commission further concludes
that the National Electric Safety Code (“NESC”) requires scheduled inspections for
telephone plant (PAA Order at 2-4, 6) and that “sound and bore inspections, including
excavation, are by far the most effective form of inspection for determining the internal
condition of the wood poles.” (PAA Order at 7)

2. Verizon disputes the factual basis for these conclusions. First, there is no
evidence cited in the PAA Order to support a link between pole deterioration and

hurricane damage nor is Verizon aware of any such evidence. [n 2004-2005, most



hurricane-related outages experienced by Verizon customers were due to loss of
commercial power to remote terminals, not downed poles. And of the Verizon-owned
poles that did experience hurricane damage, anecdotal evidence demonstrates that
most damage was caused by trees falling on wires and by projectiles, not loss of
strength in the poles themselves.! In other words, the “fix" that the Commission has
ordered has not been shown by objective evidence to be directed toward a verifiable
problem and thus cannot be shown to be the least cost alternative to obtain the
Commission’s regulatory objective — better hurricane preparedness.

3. Second, the Commission has misinterpreted the NESC and thus adopted
standards that are irrelevant for most Verizon-owned poles. Indeed, contrary to the
PAA Order, the specifically referenced strength requirements of Section 26 of the NESC
do not apply to poles that (a) carry only telephone plant or (b) carry both telephone plant
and electric facilities that do not exceed 750 volts. This encompasses the substantial
majority of Verizon-owned poles in Florida.

4. Third, the particular inspection methodology that the Commission has
imposed — the "sound and bore" technique with excavation — is not “the most effective
form of inspection,” but is a crude, outdated, and inaccurate testing method that
imposes environmental and health hazards. The Commission has failed to consider

other testing methods that are more accurate, less damaging, and more cost effective

' Verizon also notes that the Commission incorrectly found that “Verizon lost 1,690 poles to storms in
2004.". This number came from a Verizon response to a Staff audit request, in which Verizon indicated
that it had recorded 1,690 "incidents of damage" in 2004. Verizon indicated in its response that this figure
included duplicate damage reports, since the 2004 hurricanes occurred close together in time, and that
not all “incidents of damage” were lost poles (e.g., incidents of damage include trees leaning on lines). In
fact, Verizon placed only 1,064 poles in 2004 for all reasons, including new placements, replacements of
poles damaged by car accidents, and other causes having nothing to do with hurricanes. Thus, the
number of poles that were actually “lost” due to storms is far lower than 1,690.



than sound, bore and excavation. The Commission has a statutory duty to consider
lower cost alternatives that substantially accomplish the regulatory objectives outlined in
the PAA Order. Fla. Stat. §§ 120.54 and 120.541.

5. To be clear, by protesting the Commission’s PAA Order, Verizon does not
dispute that a pole inspection process coupled with enhanced record-keeping and
reporting requirements is a worthy goal. In fact, targeted pole inspections based on
reasonable criteria to identify “at risk” poles will help to ensure that Verizon's outside
plant facilities continue to be safe and reliable and will assist the Commission in
gathering data to determine whether, in fact, pole deterioration is a significant cause of
hurricane-related damage and outages — something that has not yet been established in
the record of this proceeding. Therefore, notwithstanding this protest, Verizon will
comply with the PAA Order's requirement that it submit a comprehensive wood pole
inspection plan with the Division of Competitive Markets and Enforcement by April 1,
2006. Verizon believes that, given the flexibility afforded by the Commission in the
ordering paragraphs of the PAA Order, along with statements by Staff that it will
consider “any functionally equivalent method of inspection” that Verizon would like to
propose, Verizon believes that it is quite possible that its plan could be approved under
the PAA Order, in which case Verizon will immediately withdraw its protest. However,
unless and until its plan is approved, Verizon must bring this protest within the period
set forth in the Notice of Further Proceedings or Judicial Review in order to protect its
procedural and substantive rights.

I PETITIONER INFORMATION

6. Verizon received notice of the PAA Order from the Commission's website.



7. All notices, pleadings, staff recommendations, orders or other documents

served in this document should be provided to the following representatives:

Leigh A. Hyer David M. Christian

General Counsel-Southeast Region Vice President-Regulatory Affairs
Verizon Florida Inc. Verizon Florida Inc.

P. O. Box 110, FLTC0007 106 E. College Ave., Suite 810

Tampa, Florida 33601 Tallahassee, Florida 32301

(813) 483-1256 (telephone) (850) 224-3963 (telephone)

(813) 204-8870 (facsimile) (850) 222-2912 (facsimile)

8. As explained in detail below, Verizon's interests would be substantially

affected if the proposal set forth in the PAA Order were adopted because it would
impose significant costs and administrative burdens on the Company with no feasible
means of cost recovery and no proven benefit.

ill.  THE COMMISSION HAS CITED NO EVIDENCE OF A LINK BETWEEN POLE
DETERIORATION AND HURRICANE DAMAGE.

9. The Commission justifies its imposition of uniform pole inspection
requirements on local exchange telecommunications companies on the ground that
hurricane damage from the 2004 and 2005 seasons “severely impacted Florida’s
telecommunications companies.” (PAA Order at 1) While this conclusion is objectively
correct, there is no evidence in the record that the damage that telecommunications
companies experienced was due to pole deterioration, rather than other causes. In fact,
other than incorrect citations to the number of poles lost in the 2004 and 2005 hurricane
seasons (without reference to the reasons why they were lost), there is no evidence
cited in the PAA Order to support a link between pole deterioration and hurricane
damage.

10.  Moreover, Verizon's experience indicates that pole deterioration is not the

primary cause of hurricane-related outages. In 2004-2005, most hurricane-related



outages experienced by Verizon customers were due to loss of commercial power to
remote terminals, not downed poles. And of the Verizon-owned poles that did
experience hurricane damage, anecdotal evidence demonstrates that most damage
was caused by trees falling on wires and by projectiles, not loss of strength in the poles
themselves.? Additionally, since 2002, Verizon has received only 2 claims for damage
to property caused by failed poles, totaling less $5,000. Moreover, studies conducted in
the aftermath of the storms indicate that older wood poles did not fare any worse than
new wood poles or concrete poles, thus refuting the idea that pole deterioration is a
significant factor. Absent a clear connection between pole deterioration and hurricane
damage, the cost of comprehensive pole inspections using expensive, invasive
techniques cannot be justified in the name of hurricane preparedness. Indeed, diverting
resources unnecessarily to pole inspections siphons resources away from other
activities that have been shown empirically to harden the telephone network, such as
buildihg underground fiber networks as part of Verizon's current FiOS initiative.

IV. THE COMMISSION HAS MISINTERPRETED THE NATIONAL ELECTRIC

SAFETY CODE (“NESC”).

11.  The Commission further justifies its PAA Order on its interpretation of
NESC Section 26 to require that telephone poles meet specific strength and loading
requirements, deterioration limits, and inspection cycles. The Commission has
misinterpreted this NESC provision.

12.  Specifically, at page 4 of the PAA Order, the Commission concludes:

2 Such experiences are consistent with those of other utilities throughout the United States, for which the
vast majority of wind-related damage to pole lines is due to falling tress and wind-blown debris, rather
than inadequate pole design or strength issues.



Section 26 (strength requirements) of the NESC prescribes strength factors for

poles which must be maintained for the period poles are in service. The NESC

requires the company to strengthen or replace poles equal to or less than 18

meters in length (which would include most telephone poles) that have lost one-

third of their original strength at installation under no-load conditions.
This is not correct. NESC Section 26 (i.e., Rule 261, Table 261-1A) does not state that
poles that “have lost one-third of their original strength at installation” must be replaced,
but rather that the pole must be replaced if the remaining strength falls to "2/3 of that
required when installed." These are two different propositions.®

13.  For example, the original pole may have been oversized for the load —
which is often the case since Verizon tends to use in-stock, commonly used sizes even
though weaker poles would be sufficient for light-duty telephone applications. In such a
case, the NESC only requires replacement when the required strength has fallen by
1/3, which may be significantly less than 2/3 of the original strength of the oversized
pole. For example, suppose that, on a scale of 1 to 10, a particular application requires
a pole with a strength of “6”.* However, Verizon uses a pole with a strength of “9”
instead. The pole could lose 1/3 of its strength and still have a strength of “6”, which is
the full strength required for the application. The Commission’s erroneous interpretation
of NESC Section 26 would nevertheless require replacement of the pole — an

unnecessary and wasteful expense. The NESC, on the other hand, would not require

replacement of that pole until it reached a strength of “4”.

* The PAA Order is also in error when limiting the (mis)stated strength requirement to poles equal to or
less than 18 meters (60 ft.) in length. The relevant rule for allowable deterioration, as correctly stated, is
applicable to wood poles of all “lengths” or heights above ground.

* In practice, wood pole strengths are characterized by their ability to support a lateral (cantilever) load
applied near the top of the pole, and are categorized in corresponding “Class” sizes (Ref. ANSI-05.1,
American National Standard for Wood Poles). These class sizes do not correspond to the “scale of 1 to
10” used in the present example, which is wholly hypothetical and provided only as a convenient means
of simplifying the math.



14. More fundamentally, however, the strength, loading and deterioration
requirements of much of NESC Section 26 do not apply to the majority of Verizon-
owned telephone poles. The NESC pole strength requirements for communication
poles are based on the grades of construction specified in Section 24 of the NESC,
Table 242-1 “Grades of Construction for Supply Conductors Alone, at Crossing, or on
the Same Structures with Other Conductors” or Table 242-2 “Grades of Construction for
Communication Conductors Alone or in Upper Position of Crossing or on Joint Poles.”
These tables provide that only “Grade N” construction is typically required for
communication-only poles. Exceptions include joint use poles where the electric supply
cables exceed 750 volts and communication cables crossing railroad tracks and limited-
access highways.

15.  Since the large majority of the Verizon-owned poles in Florida do not have
power attachments at all and do not cross railroad tracks and limited-access highways,
they are subject only to Grade N construction.® The strength and loading requirements
in NESC Section 25 and most of Section 26 (e.g., Rule 261), including those addressing
the deterioration limits upon which the Commission’s PAA Order is based, only apply to
Grade "B" and "C" poles — not Grade N telephone poles. (See Exhibit A). In fact, the
NESC does not provide specific loading and strength requirements for Grade “N” poles.

16. The PAA Order (at 4) further reads:

The requirements identified in the NESC can only be met if the company

in question is conducting pole inspections of a detailed nature necessary

to detect specific degree of impairment to poles. Further, these
inspections must be conducted on a number of poles that is sufficient to

* Verizon's communication cables are always below supply cables on joint use poles.

® Although Verizon’s poles are primarily only subject to Grade “N" construction rules, Verizon routinely
places poles that exceed the Grade "N” requirements.



be statistically reliable. Neither visual or sounding inspections of poles

alone will provide the data necessary to determine the percentage of

strength loss. The code is not specific as to the exact schedule with which

inspections must be made, but states the following: "Lines and equipment

shall be inspected at such intervals as experience has shown to be

necessary." (NESC, Rule 214.A.2) The company is responsible for

considering the conditions of service to which the installation reasonably

can be expected to be exposed.
The Commission again misinterprets the requirements of the NESC. The 2002 edition
of the NESC, Rule 214A2 states: "Lines and equipment shall be inspected at such
intervals as experience has shown to be necessary." However, the associated NOTE
further states that "It is recognized that inspections may be performed in a separate
operation or while performing other duties, as desired.” The NESC handbook explains
that previous clarifications to the NESC were made to delete “language [that] could be
misinterpreted to imply that a specific schedule was intended.”” Therefore, planned
inspections are not explicitly required by the NESC and thus are not currently required
under the NESC rules or this Commission’'s rules (which incorporate the NESC).
Moreover, given that the majority of Verizon-owned Grade “N” poles are not required to
meet any specific strength and loading requirements under the NESC, inspections
cannot be justified as necessary to ensure compliance with non-existent NESC
requirements.

17.  In other words, while the Commission may believe that scheduled

inspections are a good idea, it cannot claim that scheduled inspections of 100% of

Verizon's pole inventory over an eight-year cycle — including inspections of Grade N

" NESC Handbook, Fifth Edition, p. 167



poles that carry only communications facilities — are currently required under existing
Commission rules and the NESC, as claimed in the PAA Order. They are not.®

18.  Under a correct interpretation of the NESC rules, the modified inspection
proposal submitted to Staff by BellSouth and Sprint at the February 21 workshop —
which imposes different inspection requirements for poles that carry only
communications equipment on the one hand, and joint use poles carrying both
communications and power attachments on the other — is a rational basis for prioritizing
and rationalizing the inspection process in compliance with the NESC. Verizon's
comprehensive wood pole inspection plan that it will file on April 1, 2006 will incorporate
a similar tiered inspection process that will require scheduled inspections of Grades “B”
and “C” poles that are subject to NESC loading and strength requirements, with less
emphasis placed on inspections of Grade “N” poles that are not subject to specific
NESC strength and loading requirements. Given the flexibility in the ordering
paragraphs of the PAA Order, Verizon believes that its inspection plan will sufficiently
comply with the PAA Order and the correct interpretation of the NESC rules. If the
Commission accepts Verizon’s plan, Verizon will withdraw its protest.

V. THE COMMISSION HAS NOT CONSIDERED LESS COSTLY AND LESS
INVASIVE INSPECTION TECHNIQUES.

19.  The particular inspection methodology that the Commission has imposed
— the "sound and bore" technique with excavation — is not “the most effective form of

inspection,” as claimed in the PAA Order. Rather, “sound and bore” is a crude,

® Rule 25-4.036, F.A.C., states “The plant and facilities of the utility shall be designed, constructed,
installed, maintained and operated in accordance with provisions of the National Electrical Safety Code
(IEEE C2-2002) . . ., which is incorporated herein by reference, pertaining to the construction of
telecommunications facilities.” Thus, the Commission’s existing rules only require inspections to the
extent that the NESC requires inspections. As set forth above, the NESC neither requires scheduled
inspections, nor does it impose particular standards on telephone plant subject to Grade “N” construction.



outdated, subjective and inaccurate testing method that imposes environmental and
health hazards.® Specifically, traditional boring is a brute force technique that requires
the drilling of 7/8-inch diameter holes at several locations on the pole to test for hollow
spots and deterioration. The resulting holes damage the wood pole and require
significant remedial treatment, including treatment with environmentally toxic chemicals
that are a hazard to employees and the public. Indeed, Verizon does not perform
remedial work of this nature today because of the significant adverse health and
environmental effects.

20. Excavation likewise is a time-consuming and invasive activity. Excavation
generally requires the digging of a trench around the base of the pole to visually detect
signs of deterioration and rot. Many of Verizon-owned poles are placed in paved
surfaces, such as sidewalks and privately owned easements, and are located near
underground facilities belonging to other utilities. Mandating excavation of these poles
would be costly because it would require destruction of the right-of-way with jack-
hammers or other equipment and would require extensive repair, including but not
limited to repaving, laying new sod, and otherwise repairing destruction to landscaping —
a sore issue for many municipalities and homeowners.

21.  Verizon has researched alternative inspection techniques that it believes

are more accurate, less damaging, and more cost-effective than the

® The Commission justifies the requirement for sound and bore and excavation based on the USDA Rural
Electric Utility Service (‘RUS") Guidelines applicable to rural electric plant. The RUS Guidelines,
however, do not apply to telephone plant; they apply only to rural electric providers that receive funding to
provide electric service in rural areas of the United States. As a result of receiving such funding, electric
providers agree to follow certain guidelines issued by RUS. Verizon receives no such funding, and thus
has not agreed to be bound by guidelines into which it has had no input. Indeed, as set forth above, there
are significant differences in telephone plant and electric plant, which are specifically recognized by the
NESC. Cutting and pasting a set of voluntary guidelines from the rural electric industry for one subset of
pole applications into a mandate for the telecommunications industry in Florida using a different type of
pole application is arbitrary and capricious.

10



sound/bore/excavation process mandated by the Commission. In particular, Verizon
proposes to use a device known as a Resistograph — a technology commonly used in
Europe and Canada — in lieu of traditional boring and excavation techniques. Rather
than requiring 7/8-inch holes, the Resistograph device (see Exhibit B) uses thin drill bits
to measure the wood resistance and strength of the pole. The drill bits are specially
designed to backfill the holes they create, thus eliminating the need for chemical
remedial treatment. The drillings can be accomplished in a manner of minutes, thus
reducing the per-pole inspection cost significantly and eliminating the need to hire
outside contractors. The Resistograph also eliminates the need for excavation by
allowing the pole inspector to drill at 45-degree angles at the base of the pole to a depth
sufficient to determine the presence of deterioration below grade.

22. The Resistograph is superior to crude sound and bore techniques
because it allows for better record-keeping. The device simultaneously measures and
records the local condition (degree of deterioration) of the pole on paper as it drills, thus
giving the inspector immediate feedback on the strength and soundness of the pole,
and it records the readings electronically so that they can be downloaded to a computer
database for future reference. Indeed, the quantitative results provide an optimum
means to meet the intent of the PAA Order with respect to identifying poles that have
lost significant strength, possibly requiring rehabilitation or replacement.®

23. Verizon intends to incorporate the Resistograph technology into its
comprehensive wood pole inspection plan that it will file with the Commission on April 1,

2006. Because the Resistograph is a boring device, it satisfies the sound and bore

1% Commercially available software is available that allows the Resistograph data to be used to determine
the remaining effective “section modulus” of the pole, a parameter that is directly related to the present
pole strength, and a quantitative indication of the degree of deterioration.

11



requirements of the PAA Order. Moreover, although it does not “excavate” per se, since
it does not require that the pole inspector physically dig out the earth around a pole, the
Resistograph device accomplishes the same goal as excavation — testing for
deterioration and rot below grade level. As such, Verizon-believes that this technology
satisfies the spirit, if not the letter, of the PAA Order. If the Commission accepts
Verizon's plan, Verizon will withdraw its protest.
V. CONCLUSION

24.  For the foregoing reasons, Verizon protests the PAA Order and requests a
hearing on the issues identified above. However, in the event that the Commission
accepts the comprehensive wood pole inspection plan that Verizon submits on April 1,
2006, Verizon will withdraw this protest and comply with the terms of that plan.
Therefore, Verizon respectfully requests that the Commission wait until the Staff reviews
Verizon’s plan and makes a recommendation to the Commission before scheduling a
hearing.

Respectfully submitted on March 22, 2006.

s Qieh O, *MM ki

Leigh AUHyer

P. O. Box 110, FLTCOOO7
Tampa, Florida 33601
(813) 483-1256 (telephone)
(813) 204-8870 (facsimile)

Attorney for Verizon Florida Inc.
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PART 2. SATLTY RULES FOR OVERHEAD LINES ' 242

Section 24,
Grades of Construction

240, General

A,

241,

242,

The grades of construetion are specitied in this section on the basis of the required steengths for safety.
Where two or more conditions define the grade of constructinn required, the grade used shall be the
highest one required by uny of the conditions.

. For the purpases of this scetion, the voltuge values for direct-current circuits shall he considered

equivalent 10 the rms values for alternating-current circuits,

Application of Grades of Construction to Different Situations

. Supply Cables

For the purposes of these rules, supply cables are classified by (wo types us follows:

Type | —Supply cables conforming 0 Rules 230CI, 230C2, or 230C3 shall be instatled in accor-
dance with Rule 2011

Type 2~ Alt other supply cubles are required 10 have the same prade ul construction as open-wire
eomdluctnrs of the sume voltage.

. Order of Grudes

"I'he relative order of grades for supply and communication conductors and supporting structures is
B, C. and N, with Grade. I3 being the highcst.

A1 Crossings
Wires, condhigiors, or other cables of one ling are considered 1o he wt crossings when they cross over
another line, whether ar not on a common supporting stiicture, ur when they Sross over or overhang
i railroad track or the travelul way of o limited access highwuy. Joint-use or collincar construction
in itsclf is pot considered o be at crossings.
I, Grude of Upper Line
Condugtors and supporting struclyres of & line erossing uver another line shull have the grade of
emnstruction specified in Rules 241C3, 242, and 243,
2. Cirade of Lower Line
Conductors und supporting structures of o line crossing under snother Jine need only have the
grades of construetion that woukl be required if the Tine at the higher level were not there,
3. Muliple Crossings

a. Where a linc crosses in nne spun over two or tnove other fines, or witere une linc crosses over
a span of a second ling, which span in turn crosses a span of a thind linc, the grade of construe-
tion of the uppermost line shal) be not less than the highest grade thae would be required of
either ane of the lower lines when crossing the other lower linc,

b. Where communication condugtors cross over supply conductors snd railroad tracks in the
same span, the grades of construction shull be in accontanve with CGirade B construction. It is
rccommentled that the placing of communication conductors above supply conductors
gencrally be avoided unless the supply conductors we trolley-contact conductors und their
assoclated feeders,

. Conflicts (sce Section 2, Siructure Conflict)

‘The grade of consiraction of the conflicting structure shall he us reyuired by Rule 243A4,

Gradcs of Constraction for Conductors
The grides of construction vequired for conduciors are given in ‘Fables 242-1 and 242-2, Por the pur-
pose of these tables cortuin classes of cirvuits are treated as follows:

155
Cupyright & 2001 1EBE, Al riglits raserved,

EXHIBIT A
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9727187028

PART 2. SALITY RULES FOR OVERIEAD LINCS 242F

. Constant-Current Cireuit Conductors

The grade of construgtion for ¢conductors of o constant-gurrem supply circuit involved with a
communication circuit und not in Type 1 cahle shall he hased on cither its current rating or on the
open-circuit viltage raling ol the fransfunner supplying such circuit, as set forth in Tubles 242-1 and
242.2, When the constuat cuseent supply circuit is in Type 1 cable, the grade of construction shall be
husad oty its nominal full-lead voltage.

. Ruilway Foeder and Trolley-Contact Circuit Condugtors

Rallway faeder and tralley-cuntact ciecuit vonductors shull be considered as supply conductors for
the purpose o deigrmining the required grade of construction.

Communication Circuit Conductors Locatad in the Supply Spuce

Commanication circuit conductors located in the supply space shall huve their grude of construction

determined as foltows:

1. Circuits meeting the requirements of Rule 224A3 may have the sume grade of construction as or-
dinxey communicstion circuits,

2. Circuits not mecting the requisements ol Rule 224A3 shall huve the same grade of construction
is the supply circuits ahove which they ure locaied.

. Fire-Alarm Cireuit Condugtors

Vire-alarm circuit conductors shall mect the strength and loading requirements of communicution ¢ir-
cait condugiors.

. Neutral Conductors of Supply Circuils

Supply circuitneutral condugiors, which arc effectively grounded throughout their fength and arc not
Incated ahowve supply condueiors of more than 750 V 10 ground, shall have the same grade of con-
struction ux supply conductors of not more than 750 V to ground, except that they need not meet any
insulation requirements, Other neutral conductors shall have the siune grade of construction as the
phase conductors of the supply sircuils with which they are nxsouinded.

. Surge-Protection Wires

Surge-protection wirgs shall be of the same prade of construction as the supply conductors with which
ihey ane maoviated,

)56
Copyright © 2001 IEEE. All rights reserved,

page 3



MAR 15,2006 09:15A 9727187028
X
T-242-1 PART 2, SAFLTY RULES FOR QVERHEALD LINES 1-742-1
Table 242-1

Grades of Construction for Supply Conductors Alone,
4t Crossiog, or on the Same Structares With Other Conductory
(The voltages listed in this table are phase-to-ground valucs for: effectively groumled s cireuits, two-wire
grounded cireuits, br conter-grounded (¢ circuits; otherwise phase-to-phase vatues shall be used. The grade
of construction for xupply conduciors, vy indicated across the top of e bk, shall also meet the requirements
fur any lincs at lower levels except when olhurwise noted )

Supply conductors at higher fevels '

Constant-puientinl supply conductors

Conductors, | - - » st
X1 78 Vio cedi Constant- | Cymmunivuling
triwks, und 15“"\, RIWV b;‘:—‘,‘kv“ Survent conductors
rights-of-way © o fupply lucuted in the
w luwer bevels | Urbnn | Rural | Urban Rurat Urban Rural conduclurs | supply apace
Open | Open Open
or ar or
Cable [ Cable [ Open Cable [ Open Cable] Opes Cable | Open Cuhble | Open | Cubly Cable
Eaclusive ’ N
privale N N [N N | N NN NN N
fights ul way B.Coue N CorN:
. . . e Rule . or‘ By A
Common or . 2424 see Rule 3427
puhlic rights-of-] N NI ¢ NN NJeY ¢ N N
le
Raifrowd |:Iuck>
and Timiwed-
oo B | wi|w w|nmn B8 BiB Bnlwlo B
iy
Consiant-
patential supply
feonduetns N N 4 N N N ¢! c ¢l N
750V,

o e wmble

OV RTEV] .5 . g e -
¢ N C < N N ¢ ¢ N N ", C.orN: B.C.urN;

Open st Rule
o Yy see Rule 2420
Cible N N C N[N NW[eT ¢ | N ~ | A |
Pxecabing <
KKV Bl cr | u B} N N e N N
{pen
Cablg I N € NN NTCY ¢ N N
Constant- | ' B.C.orN B.C ar N
TR . . Coar N LG or NL
::::';.I-:‘l“:;gp Y B. C.or N:see Rule 2424 sce Rule | suo Rules 2427
Igwi or eahle 212A umd 242G
Curuwtivutinn "
comducton: l'l.(..kork N: B e
open ur cable, 8.C. 1 see Rule 242C ot Rules LCLour N xee
lup:aw ia the Coor Niwwe Ruke 3 42A and Rule 2420
stipply spuce 242C
Communication Cor
comductar: 7% . 1% " . Neger . .
N ; . 3 EX') Ny R, 0r N
wrhinn llm,l,"' N |B ( U (o B [& ) [l Rule | s Ku'lc 43¢
open or vitble 2427
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T-242-1 PART 2. SATETY RULES FOR OVERHEAD LINLS 1-242-)

! Phe words "open™ and “cable” appearing in the headings have the [ollowing meanings as apphied to sup-
ply conductors: Cuble means the Type | cables described in Rule 24 1A Open mieans Typw 2 cuhley described
in Rule 241 A and open wire.

< Lines that can fall outside the exclusive private rights-of-way shall comply with the grades specified for
lings not on exclusive private vights of way.

7 Supply canductors shall meet the requirernents of Grade B censtruction If the supply circuits will nat be
pronptly de-energized, both initislly and following subsequent breaker operations, In the event af'a conlact
wilh lower supply conductors oF ather grounded objects.

Grade N construction may he used if erossing over supply services only.

3 [¥ the wires aro service drps, they nury huve Grade N sizes and tensions as set forth in Tablc 263-2.

f ¢irade N constraction nray be uxed where the communication conductors consist only of rot more than
one insululed twisted-puie or parallel-lay conductor, or where service drops anly arc involved.

Cirade € construction may be used if the voltage does not exceed S0 KV phase 1o phase or 29k V phuse
10 pronngd.

The supply conductars need only meat the requirements of Grade C cansteuction it both of the following
conditions are fulfilled:

() The supply voltage will be prumptly removed from the commumications plant by de-energization or
other means, hath initially and [ollowing subsequent civeuit-hreaker operutions iv the event ot a cuntact with
the commumications plant,

(b) The voltage and current impressed on the communications plant in the event of 4 contiict with the sup-
ply conductors are not in excess of the sale operating limit of the communications-protective devices.

Grade C construction may be used if the current cannat exceedt 7.5 A or the open circuit voltage of the
transformer supplying the ¢ircuit ducs not exceed 2.9 kV.
Communication circuits located below supply contductors shatl nat attect the grade of construction of
the supply circuiis,
" There is no ittent to require Grade B uver orlinary streets and highways.

158
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Table 242-2

Grades of Construction for Communication Conductors Alone or in Upper Position of
('rossing or on Joint Poles
(The voltages lissed in this wble are phase-ta-geound valucs for: effectively grounded ac circuits, iwo-wire
g virculi, or centor-grounded de circuits; otherwise phase-to-phase values shall be used, The grade
of construction for supply conductors. us indicated agriss the lop of the table, shall also meet the
reyquirements for any Lines at lower levels except when otherwise noted.) (Macing of commutication
conductors ut higher levels wl crossings of on jointly usttl poles should generally be avoided, unlesy the
supply conductors are tralley-comuct conductons and their associated feedurs,)

Cunductory, tracks, and rights-of-way Communication conductors (communication
at tower lovels conductors, rural or urban, open or cable,
including those vun in the supply space.)
Lxclusive private right-of-way N
Common or public rights-ot-way N
Railtoad Iracks wrd limitcd: access highways® H
Constant potential supply conductors ! N
Ot 750V
Open or cable
750 V029KV - ¢
Opou or cable
Exceeding 29 kV
Open n
Calde (o
Constant-current supply comductors '
0t075A
Opent c
Exceecling 7.5A
Open ? B’

Communicatiun conductors. apen or cuble.
urhan or rues] including 1hose run in the B.C.orN*
supply space

"I'he words “opea” and "culle™ uppearing in the heudlines have the following wieuning as applied to
supply condugtors: Cable meins Type | cables as described in Rule 24 1A1; Open meuns apen-wire und
also Type 2 cables, as deseribed in Rule 241A2,

*Where constant-current circults are in Type | cable, the prude of construction shall he hayed on the
neminal full-load voltage.

*Grade U construction may he used if the open-circuil vultage of the trunsformer supplying the circuit
docs not exceed 2.9kV,

45ee Rule 242C.

“There is no intent tn duin: Grade B aver ordinury stroots and highways.
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PART 7, SAIETY RULES FOR OVERHEAD LINES 243C3

Grades of Construction for Line Supports

Structures

‘I'he grade of construction shall he that requived for the highest grade of conductars supported excent

as modified by the following:

1. The grade of construction uf juinily eses! sirugiures, or souctures used only by communication
lines, need nol be increased mercly because the communication wises ciuried on such structures
cross over trolley-contact conductors of (1 to 750 V ta ground.

2. Structures carrying supply service drops of (10 750 V o ground shall have a grade of vonstrue-
tion not less than thal required for supply linc conductors of the xame voltuye.

3. Where the communication lincs crass over supply conductons and # raitrond in the same span and
Gride B is required by Rule 241C3b for the enmmunitation conductors. due to the presence of
railrond Uracks, the grade of the structures shull he B,

4. ‘The grade of construction required fur n conllivting structure (First circuin) shall be dotermined
from the requirements of Rule 242 for crossings. The conflicting structure 'y conductors (first clr-
cuit) shall he assunedd t crosy the other circuit’s conductors (second eircuit) for the purposes of
detenuining the grade of construction requied for the conflicting suucture.

NOTE: The resulting struciure grude requirement could result in i highor grade of cangteuction fos the stuw-
tuee than for the conductors curried thorean,

. Crossarmy and Support Arms

The grade of construction shail be that required fur the highest grade of canductons curricd by the arm

concerned except as smadified by the following:

). The grade of construction of anns carrying only communication conductors need no be increused
raerely beeause the conduciors erass over tralley-contact conductors of () i 750 V to ground.

2. Arms carrying supply service deops of 010 750 'V to ground shall have a grade of construction not
fess than that required for supply line cunductors of the same voltage,

3. Wher comntunication linss crosy over supply conductors and u railroud in the same spanr and
Grade B is required by Rule 241C3b for the communication conductons due (o the presence of
railroad tracks, the pragks of the urm shall be B.

to Ping, Arnless Construction Brackets, InsuJators, and Conductor Fastenings

The grade of construction for ping, wemless construction brackets. insulatons, and condugtor fusten-

ings shall he thut reyuired 'or the conductor cancenned except s mixlified by the following:

1. The grade of cousiruction nced not be increased merely becanse the supported conductons cross
over tralley-contuct conductors of ()t 750V to ground.

2. Supply serviee drops of 0 t0 750 V o ground require only the sume grade of eonstrugiion as sup-
ply-line conductors of the same vollage,

3. When Grade B construction is required by Rule 241€:3b for the communication ¢onductors due
1o the presence of ruilrnad tracks, Grade B construction stinll be used when suppurting communi-
cation lines that cross over yupply conductors and a raitrosd in the same span,

4. When commonication eonductors are required to imeet Grade B or €, only the requirements for
mechanical strength for these grades are required.

5. Insulators for uge on open conductar supply Jines shall meet the requirements of Section 27 for
ol prades of construction.

160
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250 VART 7. SAFETY RULES FOR OVERHI:AD LINES 280C
Section 25,

T.0adings for Grades B and C

250, General Loading Requirements und Maps

A, General
1. 1is nevessary to assume the wind and ice loads that may aceur on 4 line. T'wo weather fondings
are specified in Rules 2300 and 250C, Where both rules apply, the required loading shall be the
nnc tiat has he greater offect.
Where construction ar muintensnce loads exceed those imposad by Rule 230A 1, which may necur
maote frequently in light louding urcas, the assumed loadings shall he increased accordingly.
3. uis rovognived that Toadings uctually experisnced in cenain arcas in each of the loading districts
may e preater, or in suime cases, may be less than thuse specified in these rules. In the absence of
a detailed losding snudysis, no reduction in the losdings specified thercin shall be made without
the upproval of the administrative authority,
4. ‘The structuruf capucity provided by meeting the loading and strength requirements ol Sections 25
I aud 26 provides sufficient capubility (o resist earthquake ground motinos.

r~o

B. Combhingd lee and Wind Loading

Three gencral deprees of loading duc o weather conditions are raeognived snd are designaiud us
heavy, medium. and light handing, Figure 250-1 shows the districts where these loadings apply.
NOTE: The hwalities wre ehassified in e Gilferent Inoding distivtx ucconling 0 the relative simulianchus prov.
alence of the wind velogity ind thickness of ige that accurnulates on wices, Light loading is for places where littie.
iCany, iee secunnibutes on wires,

‘Tahle 280-1 shows the rudial thickness of ice and the wind pressures 10 be used in ealeulating loads.
Tee is assumed to weigh 913 kgAn' (57 lori?)

C. Exucine Wind Laouding

1 ne portion of a structure o its supported fucililics cxceeds 18 m (60) Ft) abave ground or water level,
the provisions of this rulc are not required, except us specilied in Rule 261 A 1¢ or Rule 261 A21. Where
a structure or its supported facilities eaceeds 18 m (60 (1) ubove ground or water level the structure
and its supported facilities shall b designed to withstand the extreme wind load assovisted with the
Buyic Wind Speed, as speeilieal by Figure 250-2, The wind pressures calculated shail be appliect to the
entire swucture axl suppunicd facilities without ice. ‘e following formula shull be used to calculute
wind load,

Loud in newlons = 0.013 - (V08 Kk, Grp- 1+ Cy - A(mY)

Lawul in pounds = 000256 - (me‘)‘2 kG 12 Cy- ALY

where:
0.613 Ambicnt Air Density Value, the Constants 0.613, metric,
0.0025¢6 and 0.10256, English, reflecis the mass density of air for

the standan) stmaosphere, i.e. temperature of 15 °C (59 °F)
amd yea level pressure of 760 mm (29.92 in) of mercury,

k, Velacity Pressure Exposure Coefficicnt, s defined in
Ruls 250C 1, Table 250)-2,

v Dasic Wind Speed, 3 x gust wind speed in m/s at 10 m
(mi/h at 33 ft) abave ground, Figure 250-2,

Gy Gust Response Factor, as defined in Rule 25062,

1 Importance Factor, | .0 for utility sirugtures and their

supported facilities,
Cy Shape Facior, as defined in Rule 2528.
A Projected wind area, m® (7).

161
Copyright @ 2001 IEEE. All rights reserved.



MAR 15,2006 09:16A 9727187028 page 9

I7-250-1 PART 2. SAFETY RULES FOR OVERIIGAD LINES T-250-1

e ;
——d \/

B,

mwm-mnr’\\‘.‘
ALASKA-HEAVY )

Fig 250-1
General Loading Map of United States
with Respect to J oading of Overhead Lines

Tahle 250-1
Ice, Wind, and Temperature
Louding districts (Far use with Rule 2508) | Extreme wind lnading
— v (For use with Rule
Heavy Medium Light 250(:)

Rudiul thickness of ice

(mm) 128 65 U

in 0.50 023 0
Horizontal wind pressure

(Pa) 190 190 430 Scc Fig 250.2

b/t 4 4 9 Sec Fig 250-2
Temperatire

| O -20 -0 -1 418
CF) 0 +15 4307 +60
102
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The wind presstire parameters (k,,, V., and Gyy) ure bascd on open terriin with scanercd obstructinns
(Exposure Category C as defined in ASCE 7-98). Exposure Categary (7 is the busis of the NESC ex-
tremc wind criteria. Topographical leatures such as ridges. hills, and esearpments may increase the
wind Touds on site-specific structures. A Topagraphic Factor, K,y from ASCE 7-9K may be usced to

aceunat lor these special cases,

Veloeity Pressure Exposure Coefficient, k,

“The k,, For the structure is bascd on the totul structure heiglht. b, above the proundline. The k, for
the wirg is bused on the height, n, of the wire a1 the sirncture. Vhe numerical vidues of k,, for valugs
of structure und conductor height are tabulated in Tuble 250 2. In special terruin conditions (ie.,
mountainous terrain and cunyon) where the height of the conductor sbove ground al mid-span may
he substantially higher than ul the wilachment point, engineering judgment may be used in deter-
mining an uppropriate vatue for the wirg k,. The value of k, may also be detcrmived using the for-
mubix in Table 250-2, When h is > 75 w1 (250 i) the formulas shall be used (o determine a k, value.
Ciust Response Factor, Gre

The structure and wive gust response fuctors arc wbulatsl in Table 250 3. The structure Qust
Response [7actor, Gyye. is determined nsing the (otal structure height, h, The wire Gust Response
I‘actor is determincd using the height of the wire at the structure, h, and the design wind span, L.
The structure and wire gust response tactors inuy wlso be determined using the formulas in Table
250-3, For values of b > 75 m (250 ft) and L > 61K m1 (2000 f1) the Ciygy: shall be determined using
the fonmulas in “rable 250-3. Tn special toraln conditions (i.c.. moumainous terrain and canyon)
whure the height of the eanductor above ground at midspan muy be substantially higher than at
the attachient point, engincering judgment may be used in dewerinining an appropriate value for
the wire Ggg. Wire attachment points that are 18 m (60 £1) or less ahave ground or water leve must
he considered if the total structure height bs greater thun 18 m (640 11) above ground or water,

1

Wire

Table 250.2
Velocity Peessure Exposure Cocllicient k,, Structure und Wire
Height, h (m) Height, h (ft) k, (Structure) k, (Wice)
e 10 <33 0.92 100

> 10t 15 S38ws0 | T SR

> 151025 > 30 to &0 110 ' 120 |

» 25 0 35 >80t 115 120 130 ]

> 35 10 50 > 11510165 10 140

>501075 > 165 to 250 1.40 1,50

»75 > 250) tse Farmulss Usc Formulas

Formulas (Metric):
Siructure k, =201 (0.67-h/275) 9.3 for ISm2h<275m

k, =201 . (W275) 105 for [0m&h<27Sm

Structure
Wire

Formulay (English):

= Structure or Wigg height as defined in Rule 250C1
Minimum k, =085
Formulas are for s posure Cutegory €, ASCI: 7-98

kz =201 (0.67  h/90) 2.5
k, = 200 - (W) (2.5

for ) (L h <900 f
for 33 (1 <h < 900 11
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m
Tahle 250-3
Structure and Wire Gust Response Fuctors, Gry
Huight | Stractore Wirc iy, Span Lenpth, 1. (m)
W (m) CGur | 275 | 754LS150 | 1S0<LE22S | 22515300 | A00<i.<as0 | 450<bsc | Loo00
<10 102 | 093 | 036 0.9 0.75 0.7 A9 m
w1018 | 09T | 088 | us2 0.7 Com 0.70 0.67 m
w15 w25 | 093 | 086 | 080 078 071 .69 .66 it
225035 | 080 | 083 | 078 073 00 [ oee 065 n
SASws0 | uRe | 082 | 077 072 009 0.67 .64 (mh
>501075] 08 | 0f0 | 075 CXl 068 066 uer |
18 M ) (n (n () ) o m
Farmulis: Where:

Swueture G = |1 + (2.7 - T - BMHk,°
Wire G =11 + (2.7 - Ky, - BNk

1w 0340« [10A0.67 W)V

G, = 0346 - (10/h)!77
B, = 1/ +0.375 - WeT)
Ry = 100+ 0.8 1767

£,, =Wire Cxposure Puctor
T = Structire Lxposore Facior

B,, = Dimensianless respanse term comesponding 1 the quasi-static

background wind loads on the wire

U, = Iimensinnless response teris correspumding tr the quasi-watic
huckground wind louds on the structure

kv=l.43

b = Straeiare or Wire height, s defined in Rule 230C2. in meters

I, = Designh Wind Span. in meters

Formulas are for Lxposure Catepory C. ASCE 7-98

(1) For teights greater than 75 m ancl/or spans geedter tius 600 m, the formutas shall he used

164
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1-250- 31

Structure G =41 + (2.7 - &, - 8O
Wire Gype= |1 4 (2.7 Gy - B8,

T, - 0.346 - (33067 -yt

G, = 0.346 - (33my"?

B, =141 + 0375 - 1220)
By = 1) + 05 - 1,22

T = Wire Caposure Fuctor
Ex = Structure Exposure Faclor

B,, = Dimensionlcss response loem correspanding tn the quasi-static

hackground wind Joids on the wire

B, = Dimensionicss response term corresponding w the quasi-static
bagkground wind louds on Ihe Mruciure

k, =143

h = Structure or Wire height, as defined in Rule 250C2, in Gt

L = Dewign Wind Spun, in leor

tormulas are for Exposure Category €. ASCE 7-98

(1) For beights greuter than 250 0 and/or spans grealer than 2000 fi, the formulas shall be used

ft
Table 250.3
Structure and Wire Gust Response Factors, Gy
Huight | Structure Wire Gy, Span Length, 5, ()
n{m) Ggp | €250 [250<Ls500|500<L750 |750<Le1000] 1000 <1500 | 151152000 | L>2000 |
X5 102 09 0.86 0.70 0.75 073 069 )
>33 0 50 .97 2.4 .82 (76 U.7é 0.70 0.67 [4D]
250180 [ 093 | 086 0.80 075 %] 069 0.66 )
w010 115| 0By | 083 0w | om 00 068 .68 ()
SLISW16S| 0R6 | 0K | 047 072 vy | 06 064 n
1650230 0.83 080 075 07 0.68 066 063 m
> 250 () Mm (n ) (tn ()] (1} (1)
Formulay: Where:

165
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[%280-20) PART 2. SATETY RULES FOR OVERIIEAD LINES F.250-2(u)
L3
i 3
."'
g il
"
' =
nl ":
S b . .
A Y ) 4
\ - oy
72 !{:
1201
88, —~ ) 1 49)
i 1 45)
130( e
[}
0(40)
(=4
60)
S0y
5 .180{
130(54 100(45)
110(43)
52
K 130(53) 120
f
-160 130
15 148 =) 138
Fig 250-2(a)
Basic Wind Speeds*

“1ig 250-2(n). Fig 230-2(b). Fig 250-2(c). Fig 250-2(d). and Figr 250-2(c) reprinted with the permission of ASCE Puh-
licuttons, 1811 Alcxandor Bel) Dr., Restan, VA 20191 fiom ASCE 7-98. Minimum Design Loads for Buildings and Other
Structarss. Copyright @ 1998,
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2l 90(40)
mamipy ‘ 100(45)
IS =2Am
; 110(48)
11lL
TN T 120(54)
l‘ { 1 t
= 1 li-i- Z
1
- E:: = J
t i ] 130(58)
140(63}
130(58)
140(63 140(63|
W06 Jaen (63 (63)
150(§7)
JHengg
S !
90{40) #9% Spoclal Wind Reglon
100(45) /7130(58) | .00
110(49) 120(54) ol Yu?’h &"7/)3)
Puerto Rieo " 145 (65}
Guam 170 (76)
Viegin Islands 145 (65)

Amarican Samoa 125 {56)

Notes:

1. Values are nominal design Sgecond gust wind speeds In milos par hour (mvs)
at 33 Rt (10 m) above ground for Exposure C c3tegory.

2. Linaar Interpolation batween wind contours Is permitted,

3. Istands and coastal areas oulside the last contour shall us¢ the fast wind speed
contour of the coastal area.

4. Mountainous tarrain, gorges, occan promontorias, and speclal wind regions
shall be examined for unusual wind conditions,

I'ig 250-2(b)
Basic Wind Speeds*
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F-250-2(c) PART 2. SATETY RUES FOR OVERBUAD LINLS F-250-2(¢)

£

H

$HHE &peciat Wind Reglon

90(40)
10043) [ | 130{59)
110(49) 120(54)
Fig 250-2(c)

e o

Notes:

1. Vaiuss are nominal design 3-second guat wind
wpuecs in milss par hour {rvs) at 33t {10 m)
sbove greund for Exposwure C calegory.

2. Linser Intarpointion between wind contours ‘s

3. lnlands and ¢oastsl sress outside the last
contour sl use the lest wind spead contowr
of the coastal sree.

Lmb;:h. muun or

be sxamined for unususl wind condiions,

Western Gulf of Mexicu Hurricane Coastline®

168
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F-250-2(cl) PART 2, SAFETY RULES FOR OVERHEAD LINEY F-250-2(e)

R spoci Wod Regon

L)
Notes;
1. Valuss e nominal desigr J-0econd guat wind
10045 spveta in iins por hour (miv) b 338 (V0 m}
Bow for Exposixe C 0olegery.
190043 2, Lirear intprpaiaBion Detwaen wind ssniowy b
12900 3, lokends and coasial arems eutide the last
1060 comour vhalt van v Lagt wing apeed comour
of the coaninl ares,
& Meuntsinous erveln, gorges,
0 spacial wind regions shall
De axamingd for unususl wind coneiliona.

Fig 250-2(d)
Kastern Gull of Mexico and Southeastern US Hurricane Coastline™

B85 spmeial Wit Rayien

Notest
v.VM;'Mh’:mm:ﬂ
bew for C calegory.
zuﬂm-uwmb
9. Ielarnis o726 somntal orvms cvieide the lest
oo olnll uve e gt wind spued somow
of he conlnl srea.
«mm L)

AXAMINNS Mr Unisual wind conditions,

Fig 250-2(e)
Mid und Northern Atlantic Hurricane Coustline®
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Copyright © 2001 IEFF. All rights resarvad.



MAR 15,2006 09:20A 87271817028
251 PART 2. SAFRETY RIN S FOR OVERHEAD LINES 2801
251, Conductor Loading
A. Generd!

Tee st wind Joads arc speeified in Rule 250,

1. Where o cable ix attuched 10 a messenger, the specified loads shall be applied to huth cable and
messenger,

| 2. In determining wind loads on a conductor or cable without ice covering, the assumed projected
arca shull he that of 3 smonth cylinder whose outside diameter is the same as that ol the conductos

or cable. The shape (actor fur cylindrical surfaces Is assumead 0 he 1.0,

NOTE: Bxperience hus shown thet as 1he size of milticunductor cable decrenses, the setial projecied areu

deercasex, hut the roughness fuclor incrouses und ofisets the reduction in projected ureu.

3. Anappropriate mathematical model shall be used to determing the wind und weight loads on ice-
coued conductors and cables. Tn the absence of & mode) developed in accordance with Rule
251A4, the following mathematical made! xhall be used:

a. On a conductar, lashed cable, ur multiple-conductor cable, the couting of icc shall he
considered 10 he a hollow cylinder touching the auter strands of the conductor or the outer
circurnference of the lashed cable or multiple-condygtor cuble,

b, On bundled conductors, the cnating of ice shall be considered as individual hollow cylinders
around cach subconductor.

4. Itis racognized that the eflects of conductor stranding or ul' non-cireular cross section may result
in wind and ice loudings more or less than thase galeulaied sccording to assumptlions stated in
Rule 251A2 und Rule 251A3. No reduction in these loadings is permitted unless testing or a quat-
ificd engineering study justifies a reduction,

B. Lowd Components

The load components shall be determined as Nlliws;

. Vertical Load Companent
‘Ihe vertical inad on 8 wire, conductor, or messenger shull be its own weight plus the weight of
conductars, spagers, of cyuipmient that it suppors, ice covered where required by Rule 250.

2. Horizontl Load Component
The harizontal load shall be the horizontal wind pressure deiermined under Rule 250 applied at
right anglex tu the direction of the line using the projecicd arca of the eanduetor or messenger and
conducions, spueers, or equipment that it supports. icc covered whers required by Rule 250),

3. Tutal Load
The tow! load on ¢ach wirc, conductor, or messenyer shall be the resultant ol componeats 1 and 2
abave, caleulated ut the applicable mperature in Tuble 251-1, plus the comesporling constant in
Table 2511, In all cases the conductor or rexsenger tensian shal] be computed from this 1ot oad.

Tahle 251-]
Temperatures and Constants
Luuding districts (for use with Rule 250R) Extreme wind
. loading (for use
Heavy Medivm Light with Rule 250C)
‘Temperature (°C) =20 10 -1 +15
CF) 0 +15 +30 +60
Constant 1 be -
added & the
resultant
{al condugtors)
[| inNm 44 29 0.7 00
in Ib/ft 030 0,20 00s 00
170
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252. L.nads on Line Supports

A, Agsumed Venicul Louds
The vertical tnads on poles, towers, foundations, crossarms, pins, insulators, und conductor fastenings
shall be their own weight plus the weight that they support. including afl wires and cables, in accor-
dance with Rules 251 A and 251B1, togcther with the effect of any difference in ¢levation of supports.
Loads due o radial ive shall be computed on wires. cables, and messengers, but necil not be coimputed
on SUPPOrtS.

B. Assumed I'ransverse Loads
"T'he total transverse Inads on poles, towers, foundations, Crossarms, pins. insulaters, and conductor
tastenings shall include (he lollowing:

1.

~

Transverse [oads from Conductors and Messengers

"The transverse loads from conductons und messeagers shall be the horizontal loud determined by
Rule 251,

EXCEPTION: In owdiui- url houvy-louding districts, where suppoating straeiures Curry Wn 4r more con-
ductors on the SANE OSSR, Dot incluting cables supperhzl by messengers. and where the horizoniat pin
spucing does mo exeeced 380 mm (15 in), the transverse wind Joud niay be calculated on two-thinds of ihe
total nuwniber of such conduciorns if ut least ien conductors are nsed in the caleulations.

. Wind Loads nn Structores

“T'he transverse load on struviuges and equipment shall be computedd by applying, st right angles to
the direction ol the ling, the uppropriate horizontal wind pressun: dererminet under Rule 250. This
loud shull be calculsicd using the prajected surfaces of the structures und cquipment supported
thereon, without ice covering. The fallowing shape factors shall be used.
a, Cylindrical Structures and Components
Wind loads on straight or tapered cylindrical siructures o struciuves composed of numerous
narrow refatively flat panels thay combing w fonm a total eross section that is circular or ellip-
tical in shape shall be computed using a shape factor ol 1.0,
h. Glat Suefuged (Not Lattice) Structures and Components
Wind louds on Pat surfaced structures, having sulid or enclosed flat sides and an overall cross
section that is squarc or rectungular, shall be compuled using a shape factor of 1.6,
Fatitice Structures
Wind Joads on square or rectangular lattice strugiures or companents shull be compuied using
ashape fuctor of 3.2 on the sum of the projecied urcts of the nembers of the front face if strug-
turud members are flat surfuced or 2.0 if siructural surfaces are cylindrical. The towl, huwever,
need not excead the lad that would occur on s solid stéucture of the same outside dimension.

FEXCEPTTON: ‘The shape factors listed under Rules 25282a, 252B 2D, and 252H2¢ may be reduced il
wind tunael tests or serodynnmic analysis justifics a reduction.

At Angles

Wherc 4 change in divestion of wires vecurs, the fnads an (he sirueturc. including guys, shall he
the vector suis of the irunsverse wind load and the wire wiwion Kiad. in caleutating these lnads, a
wind direetion shall be assumed that will give the maximum resultant uad, Proper reduction may
be made to the loads to account for the reduved wind prossure i the wires resulting feam the un-
gulwrity of the upplication of the wind on the wire,

Span Lengths

The caleulated transverse load shall be bused on the average of the lwo spuns adjacent 1 (he struc-
ture concerned.

2

C. Assumed Longitudinal Tomling

Change in Grade of Construction
The longitudinal loads on xupporting structures, including poles, wers, und guys ut the emds of
sections vequisesd 10 be of Grade B construction, when located in lines of lawer than Graue B con -
steuction, shall be taken as un unbalanced pull in the dircetion of the higher gride scetion equal to
the Targer of the following values:

In
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3. Conductors with Rated Breaking Strength of 13.3 kN (3000 1h) or less
The pull of two-thinds, but not iess than twa, of the conductors having a rated breaking strength
of 13.3 kN (3000 1) or less. The conductors selscted shall produce the maximum stress in the
supprort.
b, Conductory with Rated Bresking Strengih of more than 13.3 kN (HHK) 1h)
The pull resulting from ane conductar when there are vighi ur Jess conductors (including over-
head ground wires) having rated hreaking strenpth of more thun 13,3 kN (3000 [b), and the
pull of twa conductors when there ure more thun cight conductors. The conductors selected
shall peoduce the maximum stress in the suppurt,
2. Joimly Uscd Pules st Crossings Over Railroads, Communication Lines, or Limited Access
Highways
Where a joint ling crosses a railroad, 2 communication linc. or a limited access highway . and
Grade 1 is required for the crossing span, the tension tn the conwonnication conductors of the joint
line shall be considercd us limitcd to one-halt their rated broaking strengih, provided they are
smaller thun St WG No. § if of stee). or AWG Nov 6 il ol copper,
3. Dcadends
The longitudinal load on a supporting structure a1 & deadend shall be an unbalanced pull equal o
the tensions of all condncturs and roessenyrers (including overiead pround wires): exeept that with
spany in each direction from the dead end structure, the unbalapced pull shall be the difference in
tengiong,
4, Uneyual Spuns and Unequal Vertical Loads
The structure should he eapable ol sopporting the unbalanced longitudinal Joud creuted by the dif-
terence in tensions in the wires in adjacent spans caused by uneyual vestical lnads or unttjual
spans,
. Siringing Loads
Consideration should be given Lo Jongitudinal loads thit may oucus on the structure during wire
stringing operations,
0. lLongitudinal Capability
It is recommended that structures Baving o longitudinal strength capahility be provided at reason.
able intervals glong the line.
7. Communication Conductors on Unguyed Supparis it Raitroad ynd Limited Access Highway
Crossings
‘The longitudinal load shall he assumed equal to an unbulunced pull in the dircction of the crossing
ol all open-wirc conductors suppxirtal, the pull of cach canductor being taken as S0% of its rated
breaking strength in the heavy hwling district, 33 1/3% in the medium loading disteict, snd 22-1/4%
in the light-Inading distrit.

“n

Simulaneous Application of Loads
Where i combimtiun of vertical, ransverse, o Iongitudinal Joads may occur simuluncously, the
struclure shall bu desigoed Lo withstand the simudtancous application of these loads,

NOTE: Under the extreme wind conditions of Rule 250C. an oblique wind may regquire greater structural strengih
than that computed by Rules 2528 und 252¢..

Overduad Fuctors for Structures, Crossarmy, Support Hardware, Guys, Foundations, and
Anchors

Louds due to the combined ice and wind loads in Rule 2508 and the extrenie wind lowding vondition
In Rule 250C shall be multiplicd by the overivad fuctors in Table 253-1 or the wlicrnate overload Fac-
tars in Table 253-2. Tuble 233-1 xhull be used with Tuble 261-1A, Table 2532 shul) he usedd with
Table 261-1B.

For woud and reinforced (noi prastressed) congrete, two methads for determining the capugity are
included herein. Either method maels the basic requiraments tor safety.

172
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Tahle 2531

Overload Factors for Structures, Crossarms,
Support Hardware, Guys, Foundations, and Anchors to Be Used
with the Strength Factors of 'Vable 261-1A

Overload Factors
B Grade B Grade C
Rule 2508 l.nods
Vertical Taonwis® 1.50 1.90"
Transverse Loads .
Wind 2.50 220°
Wire ‘'ension 1657 130°F
Longitudinal Loads
At Cromsings
I general LK} no reguirement
At deadends 1657 1.307
lilsewhere
In general 1.00 no requirement
At deadends 1.651 1305
Rule 250C Loads 1.00 100

U includes pole.

T-253-1

2 e guys and anchors assaciated with sieuctures supporting commuaication conductors apd cables only,
this factor nuty be reduced to 1.33.

3 Where vertical louds significantly reduce the siress in 4 structurg member a vertical averlow] fuctor of
10 should he used for the design of such member, Such member shall be designed for the worst case loading.

% This factor may he reduced o 1,75 when the span heing supported ix not at » vrossing.

3 Jor metal or prestressed concrete portiony of siructures and erossarms. guys. fouadationg, and anchars,
use a value of 1,10,

SFor metal or prestresed concrete portions of structurey, crossarms, auys, foundations, and wnchors, use
avaluc of 1.50.

Copyright ® 2001 IECE. All rights reserved.
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Tuble 253.2

Alternate Overload Factors for Woad ond Reinforced (Not Prestrossed) Concrete Structures!$
tn Be Uscd with the Strength Factors of Table 261-1B

Overtoad Factors
Grade B Grade
Twhen ] at When At
Installed Replacement®? Instailed Replacement??

Rule 250B Loads

Vertical loads? 230 1.50 220 1.50
Transverse loads

Wind (at crossings) 4(H) 2.67 2467 1.33

Wini (elsewhere) 400 267 200 1.33

Wine lunsion 200 1.33 133 1.00
Longituding loads '

In general (K] 1.00 Nu requitement | No requirament

Al deadends 2008 1337 133 140
Rule 250C lLouds 133 (1) 133 1.00

VIncludes poles.

Where a waod structure is built for tempnrary service, the overload factors at replacement may he used
provided the desipnated (iber stress iv nol exeeeded during the tife of the siructure, Where a reinfureed
concrete (not presiressed) structure is buill for temporury service, the overloud factors at replacement may be
use,

3 When structure strength deteriorates to the level ol the loads multiplied by the averload factors required
at replacement. the strocture shull be replaced or rehubilitated. If a structure ix replaced, it shall meet the
“when installed™ overloml factors al replacement. Rehabilitatad porfions of structures shall hive overload
factors at the time of vehahilitation greater than of those required 't replacement.”

4 Where vertical loanls significantly reduce the stress in a structural member, a vertical uverloud factor nf
O shoubd be used for the design of such member. Such members shali be designed For the worst-case
toading.

¥ Motal portions of a structure may be designed using the overlond factors in Tahle 253-1,

For unguyed wond poles supporting communicatinn conductors and cables only, this factor may he
redueed to 1.33.

For unguyed wood poles supporting communication conductors and cables only, this factor may be
reduced W 10,

174
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Scction 26.
Strength Reguirements

(reneral (sec giso Section 20)

~

. Preliminary Assumptions
1.

It i recognized that deformation. deflections, ar digplacement of parts of the stricture muy
change the offects of the loacls assumed, tn the caleutiution of stesses, allowance may be made
for such deformation, deflection, or displacenient of supporting structures including poles, tow-
#rs, puys, Lrossarms, pins, conductor fastenings, and insulators when the effects can be svaluated,
Sueh Geformmtion, deflection, or displacement should be culoulated using Rule 250 Toads prior to
application of the overload factors in Rule 233, Lor crossings ar canflicts, the caleulations shal)
be subject 1o mutual agreement.

Itis recognized that new materials may hecome available. While these materials are in the process
of develupment, they must e tested and evalusted. Trial instullations are permitted where gualis
{ied supervision is provided.

. Application of strengih Tactors
).

Structures shall be designed o withsnnd the appropriate loads mulliplicd by the overhomt fuctony
in Section 25 without exceeding their strength multiplied by (he strength factors in Section 26.
Unless utherwise specifled, a strength factor of ¢.80 shall he used Tor the extreme wind loading
conditions specified in Rule 250C for ull supported fachlities.

NOTE: The Jatest adition of the (ollowing dovuments are amang thase available {or detesmining structirg
design capacity with the specified NESC 10uds, ovatduad faviors, ani strength faclons:

ANNUASCE- 10, Design of Lutived Stee! Transmission Strucivzes

ASCE-1, Design of Guyed Elusirical Transnission Strucawe

ASCE-PCI. Guith: for the Desigm of Prestressed Cuonerete Poles

ASCE-72, Doxign tof Sweel I'ransmission PPole Struelures

P, Design Handbook-Precivt und Prestressed Conerete

ACL-318, Bubding Code Reguirements fur Structural Concrete

ICEE S 7511940, TrialUse Dosign Guide for Wood Transission Structurcs
ALS1, Speilicution for the Design of Cold-Formed Stee! Structura) Mumbers
The Aluminum Association. Alumininm Design Masua)

wrades B und C Constructiun

. Supporting Structurcs

The strength requirements for supporting structures may be met by the strugtures alone or will the
uid of guys or braces ov tuih,

Metal. Prestressed |, and Reinforced-Conerete Structures

a. ‘These structyures shall be desighed w withsiand the loads in Rule 252 multiplied by the appro-
priate averfoud factors in"lable 253-1 or Table 2532 withaut ¢xceeding the peemitted load.

he The penmitted {oud shal] be the strength mulliplied by the strength factors in Tublex 261-]A
ur 261-113 (where guys ure uscd, see Rule 261C),

¢. Al structores including those helow 18 1 (60 ft) shall be designed (o withstand, without con.
dductors, the extreme wind foad in Rule 250C applied in any dircction on the structure.

d. Spliced und Reinforced Siructures :
Reinfurcements or permanent splices o x supporting structure arc penmilted priavided they de-
velup the required strength of the structure.
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2. Wood Structures
Wand structures shall be af material aid dimensions 1o meet the (ollpwing requircments:
o, Wood structures shall be designed 10 withstand the Jouds in Rule 252 multiplied by the appro-

<«

priate overload faciors i Tuhle 253-1 or 283-2, without exceeding the permitted stress level.
NOTE: When detenmining « {iber stress (or column loads, buckling needs to be considered,

EXCEPTION 1: When instslied, waturally grown winkl pokes ueting as single-bused structures or
unbraced multiple-pole structures, shall meet the requirenients uf Rele 261 A2 without cxeeeding the
permitted strese [evel atthe ground line fur unguyed poies or at the poiuts uf altachmunt for gmyed poles,

EXCEPTION 2: At Grade B cronsing. in o straight sceetion of lue, woud stictives complying with the

trankverse sirength reguiremients of Rule 261 A2a, without the use of transverse guys. shatl he congidercd

&3 having he reyuired longitudingl strength, providing the kmgitudinal strength is camparible to the

transverss strength of the structure, This EXCEPTION does not medily the requirements of (hix rule for

tealentls,

1EXCEFTION 30 At Grade B crossing ol u supply line over 8 highway or a communication ling where

thure is up yngle in the supply fing, wood strueiures shall he comsidencd as having the required kongitg-

dinal suengh if wll of the following conditions are met

() The angle is nnt aver 2 degrees,

(hY The angle smuctire is guyed in the plune of the resuluint of the condueior wensions. The lonsion in
1his puy under the lowding in Rule 252 multiplied by un averload tactor of 2.0 shall not exceed the
ratext breaking strsnih multiplicd by the strengih fuctor in Table 261-1A,

(¢) The angle structure has sufficiont strength 10 withstand, withour guys, the tumsverse Inading of
Rule 252 muhiplicd by the appropriais nveriond faclors in Tuble 253- 1 or 2542, which would exist
if there were no angle al thal siructure without cxeeeding the permitted stress level,

Permitted Stress Level

(1) Nawral Wood Pole
The permirted steess level of nutural wood poles of virious species nieeting the reyuire-
ments of ANS!O5.1-1992 shall be determined by muliiplying the designated [iher stross
set forth in that standurd by the appropriate strength fuctors in Tables 261-1A ar 20118,

(2) Sawn or Laminated Wood Structural Members, Crossarms, und Braces
The permitted stress level of suwn or laminated wowld structural members, crossyms. and
bruces shal! he determincd by multiplying the appropriate ultimate [iher stress of the ma-
teriul by the appropriute strength factors in Tables 261-1A or 26]-1B,

Sirength of Guyed Poles

Guyed poles shall be designed ax columns, resisting the vertical companent of the tension jn

the guy plus any other vertical loads.

Spliced and Reinforced Poles

Reinforcements or permancnt splices at any seution slong the pole wre permitted provided

they devalop the required strength of the pole.

Average Strength of ‘Thiee Poles

A pole {single-base structure) nat individually meeting the transverse strength reguirements

wil] be permitted when reinforced by a steomger pule on euch side, i afl of the following are met;

(1) The svesuge strength of the three poles meots the transverse strength rexuirements,

(2) The weak pole shall have not less than 75% of ils required strength,

(3) “The say snd tension of the wires, conductors, «nd cables in the adjacent spaus shall pro.
vide adequate additional suppont for the weak pole, und

(4) The uverage of the spuns docs nat exceed 45 m (150 f1).

FXCEPTION ; The spun may exceed 15 m (350 1), but shull not he groater than 91 m (300 R). il aver-
head guys ke run betweon the theue pules umit the Tine section is heud-guyed and huck-guyed.

Anexira pole inserted in o nonmal span tor the purpose of supporting o servico dropmay be ignoed
in ihis strenpih determination.
EXCEPTION 2: This rule does oot upply to crossings nver witroads, conununication lings, or limited
aceuns highways.
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Al structures including those below 18 m (60 ft) shull be designed to withstand, without can-
ductors. the extreme wind load in Rule 250C applicd in any direction an the siruclure,

. Transverse Strength Requirements for Structures Where Side Goying Is Required, But Can Be

Instatied Only at a Distance

Grade B: 11 1he transverse strength requiremients of this scetion cannot be met except by the vse
ol side guys or special structures, und where it is physically impructical to employ side guys, the
transverse sirength requirements muy be met by side-guying the tine st euch side of, and us near
as practical 1o, the crossing. or other transversely weak structure, and with o distance between
such side-guyed structures of not over 250 m (800 1), provided that:

i,

The side-guyed structures for euch such seetion of 250 m (840 1) or less shall be desigaed to
withsiand the caleulated tramsverse load due to wind on the supports and ice-covered conducs
tors, on the entire section between side-guyed structures,

‘The line between such side-guyed stractures shall be substantially in a steaight fine aud the
average span between the side-guyed structures shall not excead 45 m (150 1),

. The entire scetion between the structures with the require] transverse strength shall comply

with the highest grade of construction conceraed in e given section, exeept as to the trans-
verse strength of the intermediate poles or towers.

Girade C: 'Ihe abave pmvisions di notapply b Grade C.

. Longitudinal Strength Requirernents fur Sections of Higher Grade in Lines of & Lower Grude

Construction

a.

Methods ol Providing Longitudingl Strength

Grade B: The tongitudinal strenpth requirements fur sections of line of higher grade in lincs
of 3 lower yrade (for sssumed longitudinal loading, see Rule 252) may be et by placing a
structire of the requined longitudinad strength at each end of the higher grade section.

Where this is impractical, the suuctures ol the requived longitudinat strength sy be lo-
cated away from the section of higher grade, within 150 m (500 ) oo cach side and with not
more than 250 m {800 A1) hetween the structures of the required Tongitudinal strength. " 'nis is
permitted provided the following conditions are met:

(1) The structures and the line between them meet the requirementy for transverse strength
and stringing of concluctors of the highest grade seurring in the section, and

(2) The line belween the structures of the required Tongitudinal strength is approximutcly
siraight or suitably guyed.

The longitudinal strength requirement o the strictures may he met by using guys.

Grade £: "The abave pravisions do not apply e Grade €,

. lilexible Suppons

Grade B: When supports of the section of higher grade are capable of considerable deflection
in the direction o the line, it may be neccssary to increuse the clearances mquired in
Section 23 or to provide line guys of special reinforeements to raduca the deltrgtion,

Grade C: "Ihe alwve provision does not upply to Grade C.

B. Strength of Foundatinng, Senings, und Guy Anchors

Foundations, settings, and guy unchors shall he dexigoed ur be determined by expericnce to withstand
the toads in Rule 252 multiplicd by the averloud (actors in Table 253-1 withowt cxeeeding the
permitted load, The permitted load shall he equal w the strength multiplied by the strength factors in
Table 261-1A.

NOTE: Cacessive movement of [ownidulions. seltings, amd gy anchors or errors in seltings may neduce eleurme-
©S br slructure capacity.

. Strength of Guys and Guy Insulators
The strength requirementy for guys and guy insulatoes are covered under Rules 264 and 279A 1¢c, re-
spectively,

- Metal and Prestressed-Conerete Steuchires

Guys shall be considered as an intepr! part of the structure.

. Woud andi Reinforced-Concreto Struciures

When gays are used to el (e sirength requizements, they shil be considerad as 1aking the en
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tire Joad in the direction in which they act, the structure scting as @ strut anly, except for those
structures considered to possess suiTicient rigidity so that the guy can be eonxidered un integral
pirt of the structure,

NUTE: Lxeessive movement of gnys may reduce cleasances o siuclure capacity.

D. Crossarms und Braces

2.

Conerete and Mctal Crossarms and Braces
Crogsanms and brices shall be designed (o withstand the loads in Rule 252 multiphivd hy the over-
load factors in Table 253-1 without cxceeding the permitted lnad, The permiticd load shall be
cqusl 10 the strength multiplied by the strength factors in Tahle 261-T1A.
Wood Crossarms and Braces
a. Suength
(1) Crossarms and braces shall be designed to withstund the fuady in Rule 252 multiplied by
the vverjond fuctors in Table 253-1 or 253-2 withowt exceeding their permitted stress
level,
(2) The perwitted stress level af snlid sawn or lnminsled wood crossurms and braces shall be
determined by mulliplying (heir ullimaic fiber stress by the strength factors in Tublc 261-
1A or 261-18.
h. Muterial and Sive
Wankd crossyrms and braces of select Southern pine or Douglas tir shatl have a cruss seetion
of not less than those in Table 261-2. Crossanns of other species imay be used provided they
have &jual strength,

. Crossarms and Braces of Other Materials

Crossanmns und braces should meet the sirength requirements of Rule 261D32,

4. Additional Requirements

a. longiudinal Strength
(1) General
() Crossarms shall be dexigned o wilhstand & load of 3.1 kN (700 1b) applicd ai the out-
e( conduclor atuchinent point without cxcceding the permitted stress level (or wanxl
crossarms or the prermitted load for crossarms of other materials. as applicuhle,
() At each end of u trunsverscly weak section, as described in Rule 261A3, the longi-
tuddinal Joud shall be applied in the direction of the weak section,
(2) Methods of Meeting Kule 26102a(1)
Grade B: Where couduclor tensions are limited to » maximum of 9.0 kN (2000 1b) per
cimductor, double woud erossums having cross scetions in ‘Table 261 -2 and propecly as-
semnhied will comply with the longitudinul strength requirements in Rule 2631132a(1).
Grade C: This requirement is not applicable.
) Location
Al erossings. crossarms showld be mounted on the fuce of w pole away from the crossing,
unless special bracing or double crossarms are s,
b. Brucing
Crossarms shall be supparted by bracing, if neucssary. 10 support expected loads. inchuding
line personnel working on them,
<. Double Crossarms or Brackets
Grade B: Where pin-lype construction is used, double crossurms, each crissurm having the
strength required by Rule 261 D23 ov a support asscmbly of equivalent sirength shull he used
ateach Crussing structure, at ends of joint use or conflict sectinns, 4l deadends. and at comers
where the angle af depariure frot 4 siraight line exceeds 20 degrees. Under ximilar condi-
lions, where a hracket supporis & conductor operated at more thun 750 V to ground and there
iy na crossaro balow, double brackets shall be used.
FXCEPTTON, The above dues st apply where commynication subles or conductors vy below supply
conducions und either are sttached to the same pule, or where supply vonduciors are continuous wnd of
unitorm tension in the crossing spun and each adjacent spun. This exoeption dues not upply 1o railrond
viussings und limited aceess highwayys except by mutual agrecment.
Grade C: ‘The above requirement is not applicable,
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Capyright ® 2001 i'EE. ANl rights rosarved.

page 10



MAR 15,2006 09:22A

2611

9727187028

PART 2. SAFRTY RUTFS FOR OVIERHEAD LINES 20tHL

L. Insulators
The strength requirements for Insulators are covered under Rules 277 and 279.

F. Strength of Pin-Type or Similar Constrnclion and Conductor Fastenings

~

Longitudinal Strength

. General
Pin-type or similar construction and ties or dther conducinr fasienings shall be designed to
withstund the spplicable longitudinal loads in Rule 252, wultiplicd hy the overload factors in
Table 253-1, or 3.1 KN (/(X) Ib) applied at the pin, whichever is greater,

b. Methad of Mecting Rules 261F (4
Grade B: Where conductor tensions are limited 1o 9.0 kN (2000 1h) and such conductors are
supporied on pin insulators, double waod pins and ties or their cquivalent will be cansidered
to meet the requirements ol Role 261114,
Grade C: No requirement.

¢. At Deadends and at Ends of Higher Grade Construction in Line of Lower Grade
Grade B: Pins and ties or other conductoe [ystenings connected ta the struglure 4t 4 deadend
or at cach end of the hijgher grade seution shall be designed to withstand un unbalanced pull
due i the conducior load in Rule 251 multipiled by the averload factors in Rule 253-1,
Grade £ 'This requirement is not applicable cxcept for deadends,

4. At Ends of Transverse Sections Described in Rule 201A3
Grade B: Pins and ties or other conductor fastenings connected to the structure at cnds of the
transverse section as described in Rule 26 1A 3 shail be designed to withstand the yahatunge
puil in the direction of thatl transverse section under the Joad in Rule 252 multiplicd by the
averload luctors in Rule 253-1.
Grade C: No requirement,

Double Pins and Conductor Fastenings

Grade B: Dauble pins und conductor laxienings shall be used where double crossanms or brackets

are required by Rule 26114c,

EXCEPTION: The above does now spply where comenunication ¢ables o conductors crss helow supply

conducivry und cither are sitached 1o the same pole. or where supply conductors ure continons and of uni-

{orm wasion in & erossing span and each adjucent span. Thig exceptiun duws not upply in the case of ruifroud

erossings und imited aveess highway crossings except by mutaal ageeement.

Grade C: No requircment,

. Single Suppoets sl in Licu of Double Wood Pins

A single conductor suppart and its conductor fasiening, when used in liew of double work) piny,
shall develop strengih equivalent to double wounl pins and their conducior fastenings as specificd
in Rute 261F[a,

G. Armless Clonsiruction

I,

2.

XN

General

Open condustor urmless construction {8 a type of open conductor supply line construction in
which eonductors are individually supported at the structure without 1he use of crossarms.
Insuluting Muterial

Strength of fnsulating saierind vhall mecet the requirements of Section 27.

Other Components

Strengths of ather componeats shull meet the requirements of Rulkes 260 and 261,

H. Open Supply Conductors and Overhesd Shicld Wires

i

Sags amd Tensions

a. The supply conductor and overhoud shield wire tensions shall be not more than 60 percent of
their ruted breaking strengah for the load of Rufe 2508 in Rule 251 multiplied by un overlosd
factor of 1.U.

[79
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b. The tension ut 15 °C (60 °F), without external koad, shall non wasgesd the following percentages

of their rated hreaking strength:

Initial unloaded tengion 5%

Final unlnaded tension 25%
EXCEPTION: Tn the case of conductors with u generally teiangular eross section, such &y cables
composed of three wires, the tinal unfoaded tension at {5 °C (60 °F) shull netuxecend 1% of 1he Tated
bresking sirength of the conduetar.
NOTE: The shove idtuiions ure busid on the use of reeognized methads for avoiding futigue Fiilures
by minimizing chufling and siress concentrmtion. f such practices are not followed, lower tensiony
should be employed.

2. Splices, Taps, Dead End Fittings, and Associated Aitachiment Hurdware

. Splices shuuld be avoided in crussings und adjacent spans. It it is innpractical o avoid such
splices, they shall huve sufficient strength to withstand the imnximum ension resulting from
the loads of Rule 2508 in Rule 251 multiplied hy un overlosd Tactor of 1.65. 1 Rule 250C is
applicable, splices shall not he sireszed beyond 809 of their rated bresking steenyth under the
loads of Rule 250€ in Rule 281 inultiplicd by un overload factor of 1.0,

b. Tups should be sveided in crossing spans but, if required, shall he of a type that will not impair
the strenyth of the canductors to which they are attached,

c. Dead-end fittings, incluhiny the associnted uttachment hardware, shall have sufficient
strengih 1o withstand the maximum tension resujting from the loads of Rule 250B in Rule 251
multiplice by an overfosd factor of 1.65. If Rule 250C is applicable. deadend fittings shall not
be stressed beyond 80% of their rated breaking strength under the loads of Rule 250C in
Rule 251 multiplied by an overload fuctor of 1.0,

3. Trolley-Contact Conductors
In vrder to provide for wear. ao trolley-conticl conduclor shali be installed of less sive than AWG
No. 0, if of eopper. or AW No. 4. il of silicun bronze.

Supply Cuble Messengers

Mussengers shall be stranded and shall pot be stressed beyond 60%. of theie rated breuking strength
under the loads of Rule 2508 in Rule 25) multiplicd by an overlad factor of 1.0, 1f Rule 250¢ is
applicable, messengers shall not be siressed heyond 80% of their rated breaking strength under the
loads of Rule 250C in Rule 251 multiplied by un overload fuctor of 1.0.

NOTE: Thers yre no sirength requirements for cables supporied by messengors.,

Open-Wire Communication Conductors

Open-wire communication conductors in Grade B or C construction shall have the tensions and saps
in Rule 26 1HZ for supply conductors of the sumce grade.

EXCEPTION: Where supply eanduciurs are trolley contact canductors of 01 750 V to grownl, WG
No. 12 81l may be used (or connmunication conductors for spans of 0 10 30 m (0 ta 100 1), snd St
WG No. Y may be uxed for spuns of 38 10 45 m (125 to 150 R),

. Commuaication Cudles

I Communication Cahles
There ave nu virenglh requirements for communication cables supported by messengers. See
Rute 261K2 Tor the strength requirements far messenger supponting communication cables.

2. Messenger
The messenger shall not be stressed beyond 60% of ils rated breaking strength urder the louds of
Rule 2508 in Rule 251 multiplied hy an aveddond factor of 16, If Rule 250C ix applicable, mes-
sengers shall not he stressed heyond 80%; of their ruted breaking strenpih under the loads of Rule
250C in Rule 251 multiplied by an overlow! factor of 1.0).

.. Paired Commnication Conductors

1. Paired Conductors Supported on Mexsenger

180
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Use of Messenger
A messenger may be used [or supporting paired conductors in any tacation, hul is ruired for
puired conductors crassing over trolley-contact conductrs of morg than 7.5 kV Lo ground.

. Sug of Messenger

Mussenger used for supporting prired conduetors required 10 meet Grade 3 construction be-
cause of crossing over wrolley-contsct conductars shall meet the sag requirements for Grade B.
Size und Sag nf Conductors

There are no requirements for paired conduciors when supported on messenger.

. Puired Condutiors Nut Supported vn Messenger
W

Above Supply Lines

Grade B: Sizes and sugs shall be not less than thase in Rule 261H| {or supply conductors of
similar prade.

Cirade 1 Sizes and sags shall be not less (han the following:

Spans O to 30 m (Q to 100 fi)— No sag requircinents.

Cauch conductor shatl have a rated breaking strength ol not fess than 0,75 kN (170 1b).

Spuns 3010 45 m (100 10 150ft)  Sizes and sags shall he not luss thun required for Grade B3
communication conductors.

Spans excesding 43 m (130 1) —Sizes and saps shall be not less than required for Grude C
supply conductors. (See Rule 261H2).

. Abuve Trolley-Contact Conductors

Grude B: Sivzes and sugs shall be not lexs than the following;

Spans 0 ta 30 m (0 10 100 A)— Ny sive requirements. Sugs shall be not less than for AWG No,
R hard<trawn copper. (See Rule 261H2.)

Spans exceeding 30 m (100 fty  Esch conductor shall have & ruted breaking steength of not
Jess than 0,75 kN (170 1b). Sugs shall be not less than for AWG No. 8 hard-drawn copper. (See
Rule 261H2.)

Grade C: Sizes and sags shall be as [ollows:

Spuns () to 30 m (0 to 100 1)—No requirements.

Spans exceeding 30 m (100 ft) -No sug requiremens,

Fach condugtor shall huve a rted hreaking streng(h of not less than 0.75 kKN (170 1b),

M. Support and Attachment Hardware.

‘The strength required for all support und attachment hardware not covered by Rule 2611 or Rule
261H2 shall be not less thun the load times the appropriate overload factor given in Section 25, For
approprisie strength factors. see Rule 2601,
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Tuable 264-1A

| Strength Factors for Stractures,’ Crossarms, Support Hardware, Guys, Foundations, snd Anchors
for Use with Overload Factors of Table 253-1
|1t is recognized that structurcs will experieice some level of deterioration afier installution, depending upon
materinly, maintenance, xnd service conditions. The table values specity strengths roquired at installation,
Footnates specity detarinration allowed, il any. When new or changed facilities add loads w existing struc-
tures (1) the strength of the structure when new shall have heen great cnough to support the additional Toads
and (1) the strength of the deterinraied structure shall cxeced the strenpth required ai replacement, If either
() ar (b) cannot he met, the structure must be replaced. augmented. or rehabililated. |

[ Gradc B | (yrade C
Strength factors for use with loads of Rule 2508
| § Metal and Prestresscd-Concrete Structures’ 10 10
Wood and Reinforced-Concrete Struclures 0.65 085
1 Suppor Hardwane ' 10 H
| Guy wire™® ’ 0.9 0y
|| GuyAnchorand Taundation” Y 10
Strength factars for use with loads of Rule 250C
I Mewl wid Prosiessed-Conerets Suuciur” ‘ TR (1]
Wood wd Remfonced -Comerele Struetures® 4 0.75 { 0.75
{1 Support Hurdware ) . 10 14
LI Gy Wire™© ' 09 09
{ [ Guy Anchor and Foundation” 1O 10

' Tncludes polus.

Woodl und reinforced concrete structures shall be replaced or rehabilitated when deteriorution reduces the
structure strength to 2/3 of thut required when instalted, If & structure is replaced, it shall mect the strength
reyuived by Table 261-1 A, Rehabilitated portions of structures shall have strength greater than 2/3 of thar
regiuinul when installed,

* Wand and reinforced conerete structures shatl be replaced or rehabititated when deterioration reduces the
structure steength vy 3/4 of that required when instatled, [t a siructure is repliced, i shall mect the strength
required hy Tuble 261- (A, Rehubilitated poitions ol structures shall have strength greater than 3/4 of that
reauired when installed.

Whers a word ur reinfurced concrete structure is built for temporary service. the situcture strength may
b reduced 1o values as low as those permitted by fantnates (2) and (3) provided the structure strongth does
a0t decrease below the minimum rexuired during the plunned lif¢ of the structure.

* For guy insulator requirements, sec Rule 279.

| % Deterioration during service shall not reduce Strength capubility below the required strength.

‘Tahie 261-1R
Strenpth Fuctors for Structures” 2 and Crossars for Use
’ with ()verload Factury of Table 253-2
{1t i5 recagnized that structures will expericnce some levels of doterioration afier ingiallation. depending
upon materinls. maintenance, and service conditions. The tahle values specify strengihis required at
installations. Fornotes speeily deterioration allowed (or wood and reinfimeed concrete structures. When
new or changed Eacilities add loads tu cxisting stuctures (a) the strength of the structure when new shall
have been great enough to support the alditional Ioads, and (b} the strength of the deteriorated structure shall
exceed the strengith required at replacement. [leither (4) ur (b) cannot be met, the structure must be repluced,
wwgmentad, or rehabilituled.}

Grade R ) Grade (0

Strength factors for use with loads of Xule 250B and Rule 250C
Wood and Reinfurced-Clanerete Strigthires T 1 | 1.0
.‘ Ineludes poles, ‘

Where 2 woud or reinforced - concrete structure is built for temyporiry service, the structure sirength nay
he rechued 1o vilues as low as those permitted by the at replucemenr overlosd factors in Table 283-2. foot-
noves (2) and (3) provided the structure strength does not decrcase below the minimum requires! Juring the
plunned {ife of the strugiurc.
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Table 261-2
Dimunsiuns of Crussurm Cross Scetion of Select Southern Pine and Douglas lir

Grades of Construction
Crossarm [.ength ) T C
1.20 m or Jess mm: 78 % Y 0 x 95
4 [ or less in: 3Ix4 2.3/14 x 3.3/4
245 m mn; - ;&2 x 0% Tk 00 |
§ft in: 3-1/4 x 4-1/4 Ix4
30m nm: K2 % 108 " 75 % 100
10t in: 314 x4-1/4 R

262,

263,

Number 262 not used in this edition.

Grade N Construction

The strength of Grade N construction noed not be equal to or greater thun Grade C.

A

E.

Polex
Polcs used for lines for which neither Grade 8 nor C ix required shall be of initial size or guyed or
braced to withstand expected Joads, invluding line personnel working on them,

. Guys

The general requirements for guys are covered in Rules 264 ad 379A.

. Crossaim Strength

Crossarn shall be sceurcly supported by beacing, il necessary, to withstand expected loads, inclid-
ing linc personnel working on them.

NOTE: Double croxsusnis are gencrally used ut erssings, unbalanced coraens, and dead ends, in order 10 permit
cuorduciar fusienings at twn insulators to limit the opputlanity [or slipping, aithongh single crossarms might pro-
vide sufliciont strengih, To secure exun srength, donble crossamis ure frequently vscd, and crosserm guys are
sometimes used.

. Supply-Line Conductors

1. Sire
Supply- hine conductors shall be not smaller than the sizes listed in Table 263.1.
RECOMMENDATION: It is recommended that these sizes for copper and stecl not be used in spuns Jonger

thun 45 m (150 1) for the heavy-loading district, and 53 » (175 1) for the medium- and Jight-louding
districts.

Nervice Drops
I, Size of Open-Wire Service Drops
4. Notover 750V,
Service drops shall be as required by (1) or (2):
(1Y Spans not exceeding 45 m (150 fr)
Sizes shatl be not smalter than those in Tuble 2032,
(2) Spans exceeding 45 m (150 fr)
Sizcs shall be not smaller than kK AWG,

187
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b. Excecding 750 V
Sizes of service drops of more than 750 V shall be not less than required for supply-line cou-
ductors of the saime voltuge.
2. Tension of Open-Wire Seevice Drops
The temion of the sarvice drop conductorns shall not exveed the strength of the conductor attach-
ment or ils xupport under the expected foads.
3, Cubled Service Drops
Service coadurton may be grouped together in « cable, provided the following requircments are
met:
a, Size
The size of cach conductor shall be not less than requirad For drops of scpamte conductors
(Rule 263E1).
b. Tension of Cubled Service Drops

‘I'he tension of the service drop conduciors shall not exceed the strength of the conductor ut-
tachment o its support under the expected londs.

-

“T'ralley-Contact Canductors

In order to provide for wear, wolley-contact conductors shall be not smaller than size AWG No, 0, if
of copper, or AWG No. 4. if of silicon hronee,

G. Commuanication Conductors
There are 0o specifie reyuirenonts [or Grade N communication ling conductors or service draps.

H. Strect and Area Lighting Lquipmeny
“The Jowering rope or chain for luminaires amanged W he lowered for cxamination or maintenance
shall be of & material and strength designed w withstand climatic conditions and to sustain the lumi-
nuire sufely.

I, Insulators

The strengih reguirements for insulators sre coverstd under Rules 277 and 279,

Tuble 263-1
Sizes for Grade N Supply Line Conductors
(AWG Tur Copper and Aluminum, Stl WG for Steel)

Urban Rural
Soft capper ® )
Medium- or hard-drawn copper 8 B 8 7
Sicel ' 9 C T
_ Spans 45 m Spans excocding 45 m
(150 ft) or less (150 )
m.dcd u!u;{;inum: |
HC 4 T 2
ACSR 6 4
ALLOY 4 4
[ AcarR 4 2

184
Copyright ® 2001 IEEE. All righta reserved.



MAR 15,2006 09:23A 9727187028 page 17

T-263-2 PART 2, SAFETY RULES FOR OVERIIEAL LINES 264D

Table 263-2
Sizey of Servive Drops of 750 V or 1.oss
{Voltages of trolley-contact conduciors are voltuge to ground.
AWG used for wuminum und copper wires; St WG used for slesl wire.)

Copper Wire
; : Medium- or . . EC
Sitnation SoN-Driwn Rard-Drawn Steel Wire all:vn;:l;;lm
Alonc 1 12 12 4
Concermed with communication
conductor 10 12 12 4
Over supply conductars of . )
D TS0V 10 12 12 4
OV KTV ' 10 12 4
Exceeding 8.7 kY! 6 ¥ 9
Over trolley-contact conductor's ' '
010750V ac or de N 10 2 4
[ Tieceding 750V uc or d 6 8 9 a7

¥ installation of service drops of not more than 750 V abuve supply lincs of more than 750 V should
be avoided where praclical,
ACSR or high-strength aluminum alloy conductor sive shull he not less than No. 6.

264, Guying und Bracing

A. Where Useil
When the loads are greater than cun be supporied by the structire alone, additional strength shadl be
pravided by the use of guys, bruces, or other suitahle cunstruction. Such measures shall 4lso be used
where necessury to limit the increase of saps in adjucent spans and provide xufficient steength for
those supports on which the Inads are sulficiently unbalanced, far exumple, gt corners. angles. deud
ends. large differences in span lengths, und changes of prade of construction,

B, Strength
Cuys shall be designed 10 withstand the ioads in Rule 252 multiplivl by the vverload factors in
Table 253-1 withoul execeding the permitted lowd, The permitted Joad shall be cqual to the steength
multiplicd by the strength factors in Tuble 261- LA, For guy wires canfurming to AS'IM Standards, the
minimum breaking sirength value therein defined shall he the mled breaking strength required in this
code.

€. Paint of Attschment
The guy or brace should be attached to the structure uy near us is practical to the center of the con-
ductat load Lo be sustuined, However, on lines excending 8.7 kv, the Incation o the guy or brace may
he adjusted Lo minimize the reduction o the insultion offered by nonmetallic support arms and yup-
porling structures.

D. Guy Fastenings
Liuys having a ruied breaking strength ofF 9.0 kN (2000 1b) or more and (hat ure subject to small radius
hends should be stranded and should he protected by sultable guy ihinbles or their equivalent, Any

18§
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guy having 4 design Joading of 44.5 kN (10 () 1b) or more wrapped wround cedar or similar soft-
wood poles should be protected by the use of suitable guy shin.

Where there is u tendeney for the guy to slip off the shim, guy honks ar ather sutable means of

limiting the likelihood of this actinn shoutd ha used. Shims are oot necessary in the cise of supple-
mettary guys, such as stonn guys.

-

I

CGuy Murkers andd Prection

The ground end of anchor guys cxposcd to pedestelan traftic shall be provided with a substantial
and conspicuous marker,

NOTE: Visibility of markers ¢un be improved by the s ef colur ur color palierny that provide contrast with
the surroundings,

Where an anchor is Jocated in on cstablished parking area, the guy shall cither be protected from
vehicle contact ar marked.

. Naothing in this rule is intended 1a reqguire protection or inarking of structural componemts located

oilsiche of the ieaveled ways of roudways or established parking areas. Kxpericnce has shown that
il ix not praclical to protect structures from contact by out ot control vehicles operating outstde of
ustablished traveled ways,

F. Elcctrolysis
Where anchors and rods are subject 1o electrulysis, suitable measures should be taken to minimize
corrosion from this souree,

G. Anchor Rods

I,

2.

Anchor rods should be instalTed 5o us 10 be in line with the pull of the sttached guy when under
load.

FXCEPTION: Thig is not required for anchor rads inswltgd in rouk wr sonurute.

‘The anchor andd rod assembly shall have an ultimate strength not less than that required of the
guy(s) hy Rule 264R,
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EXHIBIT B

AVE TIME, COSTS AND GAIN SECURITY

Test and Measuring Instruments for Timber Poles

Instrumenta Mechanik Labor GmbH




WE ARE CONCERNED ABOUT YOUR
SAFETY STANDARDS

Timber poles must be examined regularly for stability and traffic
security. There is legislation directing that timber poles must correspond
to a high level of safety and guarantee optimal function. The problem
with 90% of all defects or rot: it is located below the soil level. This
decay or rot is often only visible if complex investigations or excavations
are made. Therefore, we developed instruments, which can examine
the interior life of the timber poles. Our test and measuring instruments
are fast, uncomplicated, reliable for use and will give you a good
picture to the current condition of the timber pole. This will contribute
to the general safety around the pole.

THE IML-RESI IS LESS WORK WITH
REWARDING RESULTS

The IML-Resi system is a drilling resistance measuring procedure, that
is available in different models and drilling depths. For timber pole
examination the F-Series and E-Series are best suited for the task.
The F-Series is recommended in the field of pole inspection due to its
accessibility and ease of use.

With the IML-Resi you are able to examine the timber pole anywhere
from below soil level up to the top. The process takes about one
minute, which includes the printout of the measuring profile. Therefore,
you have the possibility to examine a timber pole for safety before
climbing. Another advantage is you are able to map out the interior
of the pole by taking cross drillings.

The IML-Resi helps you:

m to find localized areas of decay in poles quickly

= 1o protect the timber poles over time

m to prevent an unnecessary exchange of a timber pole
m o save personnel time and costs

With our units you can:
nd decay in various areas
nd hollows
» use the right steps for preventive actions
- find quality differences in poles and be able to
establish permanent records

The measurements can be
accomplished dig-free at
each pole site.

The recording of the
measuring curve takes place
on ascale 1:1,




HOW THEIML-RES' WORKS: The drilling neediewith a
: Gl diameter of 1.5 t¢ 3mm has

; e L 3 hardened'needle:tiniand a
You begin by po ng the jnstrument agamst thetl ber '_ $pecial coating that guajantees

v t; engag the motor by pushing the fc rward button.‘ dnlhng - » 3 hi;h life span:
+ needle, 15to 3 mn in diameter, will advance at a constant speed L

“into the pole: As the drilling needle penetrates the pole it measures
the resistance:that is in direct correlation with the needles depth.
The data being collected is recorded either on a waterproof wax paper When the measuring process

ortoan attached pnnter ina scale 1 1 Another option is to have e i is over, the resuits can be read
: . S el off immediately.

The IML-Resi F " Electronic” stores the-drilling profile:diréctly i your

User-friendly with-the
_mstrument Whtle stonng your profile it also saves the tlme date a

addition of the F-series

With the new 45° adapter it is possible to examine the timber pole
below ground level, which is-one of the most critical areas, without
having 1 to do the usual soll removal around the pole to perform the

et he testing ¢ rocedure. :

The paper tray holds 50
waterproof wax papers for
recording your measurements.

1 ment you can o ‘ i An attachable 45¢ adapfer

tin e, thanks to bemg able to' take fc st measurements miakes it possible to reach difficult
ngh efficiency due to less'work-havingtobe dofie - - areas more easily.

ion :iue 10, less timber pole replacement

. vood. s are The sawdustremains
in the bore hole while backlng out the drlllmg needle which almost
closes: the bore hole fully.

Al IML - Resis have an available
carrying case that is specially
designed for each instrument.




Since 1990 the manufacturing company IML - Instrumenta Mechanics
Laboratory GmbH, has produced test and measuring instruments for trees
and timber constructions. IML is located near the city of Heidelberg,
Germany. The manufacturing and assembling process is a 24 hour a day
operation. IML-Germany works with the newest technology available on
the market and consists of a competent and creative co-workmanship to
stay at the cutting edge of technology. Erich Hunger, founder of IML, sets
his goal on practice-oriented product development. All instruments and
devices are tested and examined at the highest leve! of precision during
the manufacturing process. There is a company plan for continuous quality
control and management during instrument production.

In addition, the employees make sure that the instruments are ergonomically
correct, easy to handle before each instruments leaves the assembly line
and later the factory. And that is profitable for you, our customer.

YOUR DIRECT CONNECTION TO US
PAYS OFF

If you are interested in our products, order directly from IML. This procedure
is to your advantage. You are getting your instruments directly from the
expert, including services. Since we are familiar with the operation of the
instruments, we can advise you and answer your questions and concerns
competently. We will make sure you get the most suitable instrument to
meet your needs. This will save you time and additional costs.

Just ask us!

. IML, Inc.

1275 Shiloh Road, Suite 2780, Kennesaw, GA 30144
USA, Tol! Free: 888-514-8851, Fax: 678-623-0550
Contact: Oliver Hein, E- mail: info@imlusa.com
Website: www.imlusa.com

instrumenta Mechanik Labor GmbH




Resistograph™ Technology

The Resistograph™ tool evaluates the condition
and density of the wood and also to measure
the size, shape and location of cavity/decay
within the wood pole structure. The field unit
comprises a constant force drill and electronic
analysis pack. As the drill penetrates the wood
the Resistograph unit measures the resistance
the wood exerts against it. If the wood
resistance output falls to zero, or close to zero,
than a cavity of decayed wood is detected. The
device is a very effective way to assess
decayed and partially-decayed wood.

The output of the Resistograph Drill is
immediately displayed to calculate the
Remaining Section Modulus of the pole.

An Optional Structural Analysis Software
Package (D-Calc) can be used for recording
purposes. The image on the right shows a
typical Resistograph output for a decayed pole.
This particular pole has a large pocket of decay
which is where the wood resistance plot falls to
zero. In order to measure the 'depth’' of this
decay a second drilling is made perpendicular
to the first, through the mid-point of the
decayed region. Further Drillings are made by
Inspectors, as required, to determine the
extent of the decay.

HOW THE RESISTOGRAPH WORKS:
You begin by positioning the instrument against the timber pole.

Next, engage the motor by pushing the forward button. A drilling needle, 1.5 to 3 mm
in diameter, will advance at a constant speed into the pole.

As the drilling needle penetrates the pole it measures the resistance that is in direct
correlation with the needles depth.



L]

The data being collected is recorded either on a waterproof wax paper or to an
attached printer in a scale 1:1.

Another option is to have your profile stored in an electronic unit.
The measuring curves are unique in the sense that voids, rot and other defects can be
detected visually using this device.

The IML “Electronic unit” stores the drilling profile directly in your instrument. While
storing your profile it also saves the time, date, a 12-digit identification number of the
pole, as well as the sensitivity level (hard, soft) with each measurement. Thus, all
collected data that is assigned to each measurement is easy to retrieve, interpret,
and file for future use.

With the 45° adapter it is possible to examine the timber pole below ground level,
without having to do the usual soil removal around the pole to perform the
examination.
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Arborist Consultants
Tree Specialist Contractors
Building Inspectors
Pest Control Contractors
Utility Owners
Park and Playground Owners
. Workplace Safety Officers
I

THE IML RESISTOGRAPH

Trees and wooden constructions often do not show their internal state. The Resistograg
the guesswork by electronically controlled drill resistance measurements.

| 2

Resistographs are an invaluable testing and measuring devices, working upon the principle of measuring the resistance while «
timber pole and delivering detailed information about the inside. The devices are precise and fast, while causing minimal injuny
application. The use of a Resistograph can prevent accidents and helps to save valuable tree populations.

The world in which we live contains objects that contain structural members made of wood, telephone poles, trees, bridges, ple
are just a few of these items. We assume they are structurally solid and are safe for use but in the past we have had few ways
of the wood in these structures. The Resistograph is a tool that allows the nondestructive analysis of the wood quality including
decayed wood or the formation of cavities inside the object. In some tree species the Resistograph can also be used to measu
diameter and bark thickness.

A drill bit less than 3mm in diameter and made of spring steel is pushed by a power drill through the wooden object at a consta
the bit is narrower than the tip so that drag on the shaft is minimized. The amount of pressure required to drive the bit into the t
one to ons ratio on a piece of graph paper by a point attached to the drill, The shaft of the bit is narrower than the tip so that dr.
minimized. Trl;\egr?ount of pressure required to drive the bit into the tree is graphed out at a one to one ratio on a piece of grap
attached to the drill.
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«

The Resistograph has been developed for the following applications:

o Tree Care Industry

Utility Pole Industry

o Termite and Pest Control Industry
+ Building Inspection Industry

« Timber Bridge Inspection Industry
e Playground Inspection Industry

Researchers and Scientists, as well as industry professionals recognize the utility of the data generated from this instrument in

Go To Top Return To Home Page

HOW IT WORKS

The differences in torque required to drill through different wood types are recorded. Les
{(power/force) is required to drill through decayed wood.

The IML- Resistograph is based on a drilling resistance measuring method. A drilling needle with a diameter of 1.5 mm to 3.0«
wooden object with a regular advance, and the drilling resistance is measured. The data is recorded on a paper or wax paper ¢
or saved for review at a later date.

The advantages of the Resistograph are quite obvious: The wood will be insignificantly injured, as the drill hole closes itself. A
program serves for creating measuring profiles, on the basis of which the data may collected and rapidly and exactly analyzed
the data can easily be archived and will instantly be available for comparative measurements.

Go To Top Return To Home Page

TECHNICAL PROPERTIES

The basic idea of the device is to measure the capacity demand of a bore bit rotating motor as a function of the drilling depth. 1
a drilling unit and an accumulator unit . The drilling unit has two electronically controlled 24 V DG motors, with which the bit fee
speeds are kept constant. The bore bit is a flexible needle with a tungsten steel tip and it can be used up to 100 drillings in har
diameter is 3 mm. The maximum drilling depth is 500 mm.

The weight of the drilling unit is about 3 kg, so it is suitable for working in field conditions. In case of dry wood (MC = 10 %) the
coefficient between the wood density and drilling resistance is r = 0,92,

Go To Top Return To Home Page
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THE ELECTRONIC UNIT

The F-Series Resistograph has now been improved by development of an electronic data collection unit. The new upgrade pet
downloaded into the "Cavity Detection” software. Older instruments can easily be upgraded to the new electronic data collectic

The RESI F- Electronic records the drilling profile to its memory while drilling. The date, current time, a twelve digital identificati
mode for drilling (soft or hard wood) are recorded together with the measurement resuits. So later on the complete set of data,
retrigve in the original combination.

The standard version of the instrument stores an overall drilling length of 22.8m, which corresponds to 76 drillings for the F300
drillings for the F400s Resistograph and 45 drillings with the F500s Resistograph. If shallower drilling depth is used, the electrc
maximum of 400 measurements. If required, the data storage capacity can be doubled or even quadrupled.

The following data will be shown on the digital display:

o Drilling depth and advance speed during the drilling process
+« Number of measurements stored

» Remaining drilling length

o 12-digit ID number

« Drilling Stage (hard, soft)

« Charge capacity of storage battery

e Date and hour

o Display is available in 4 different languages! (English, German, French, Spanish.)

SRR RS
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TREE CARE

Control and Measuring Instruments for Trees

Trees along roadsides need to be tested regularly. The Resistograph is an assisting instrument in testing decayed and hollow
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. Tke pictures below show graph profiles that were placed over the cross section of the wooden samples. The profile matches p:
annual rings.

Resistograph for Trees:

o Fast, accurate and reliable

o Find wood decay, rot, hollow areas and cracks

+ Analyze annual ring structures

Determine growth tendency according to the width of annual rings
+ High efficiency due to less work having to be done

Unnecessary wood damage is prevented

UTILITY POLE CARE

SAVE TIME, COSTS AND GAIN SECURITY

Test and Measuring Instruments for utility poles

Utility poles have to be examined regularly for stability and traffic security. There is legislation directing that utility poles must ¢
level of safety and guarantee optimal function.

The problem with 90% of all defects or rot is that it is located below the soil level. This decay or rot is often only visible if compl
excavations are made. Therefore, we developed instruments, which can examine the interior life of the utility poles. Our test ar
instruments are fast, uncomplicated, reliable for use and will give you a good picture to the current condition of the utility pole.
the general safety around the pole,

With our units you can:

o find decay in various areas

» locate cracks and hollows

o use the right steps for preventive actions

« find quality differences in poles and be able to establish permanent records.

The following Utility Asset owners are using Resistographs for testing poles.

o German Telecom
o British Telecom
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Spanish Telecom

Italian Telecom

French Telecom (Case Study Available)
Most of USA and Canada.

[ J
(4
[ 4
[ 4
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BUILDING INSPECTION
IF THE INSIDE IS STABLE THE OUTSIDE IS SAFE

Test and measuring instruments for construction wood

When you surround old timbers with new timbers, it has to meet different quality standards, No matter if you have a house or a
on stilts- Stability and Quality have to be the highest standards and guarantee optimal function. Therefore, construction has to
regular basis. The problem is most defects and damages are located in the interior of the old surrounded timbers- decay and K«
if complex investigations or excavations are made.

Therefore, with the IML developed Resistograph, you can examine the interior life of construction wood. The Resistograph is fe
reliable for use and will give you a good picture of the current condition of the wood. This will contribute to the general safety ai

With our units you can:

find decay in various areas

locate cracks and hollows

use the right steps for preventive actions

find quality differences in construction wood and be able to establish permanent re
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TERMITE INSPECTION

The Resistograph F150-S was designed for finding termite galleries inside finished walls without damage to the wall surface. T
technology offers an added level of professionalism to the termite industry. Now, you can be certain of the damage and activity
without costly repair bills.

The Resistograph F-Series Can Help With:

Damage Claims - reduce average costs by only repairing actual damaged areas
Termiticide (Liquid or Bait) Research - conduct detailed ongoing analysis
Treatment Sales - more high tech and confident inspection of homes
Pretreatments - end the cycle of constant pretreatments on the same house
Treatment Accuracy - provide surgical precision for termite treatments

Bait Treatment Monitoring - provide peace-of-mind and increased accuracy
Reduce Liability of New Company Acquisitions - thorough evaluations

How the Resistograph F150-S Works to Find Damage:

The Resistograph F150-8 finds termite galleries by detecting voids inside the wood. As each location is probed, a small piece
graph paper is generated which shows sound wood (medium graph line), rotted wood (1/4 height on graph), or void (zero on gi
graph spikes (up and down), from termites eating only soft wood and leaving the rings, make subterranean termites easy to ide
such as dry wood termites, Carpenter ants and Formosan termites can also be detected with this new technology. The Resiste
accidentally show a void that is not there. [f a graph shows a zero drop, it most certainly indicates a void in the wood. Termite ¢
distinguished from other damage by the characteristic up and down of the graph showing the hollowed soft wood, followed by :
a void again. The only way to further verify a positive graph readout is to probe nearby areas for a second or third verification ¢
second or third readout will all but eliminate any misreads by an untrained operator.

How the Resistograph F150-S helps to find Live Termites:

The Resistograph F150-8 eliminates the need to drill numerous holes into studs to find possible live termites. Unlike surface be
inspect the outside of a stud in a wall void, the Resistograph F150-8 pinpoints the spot in the wood for direct observation with
and a 1/4" drill hole. Live termites can be observed in damaged timbers by drilling holes in the stud large enough for magnified
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., Lhe waterproof wax graph paper will indicate the depth to find galleries, making it possible to find termites quickly and easily.

GoTo Top Return To Home Page
Variations available:

Model Drilling Depth
F150S Resistograph 150mm
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