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DISCLAIMER 

The contents of this report reflect the views of the authors who are responsible for the 

facts and the accuracy of the data presented herein. The contents do not necessarily reflect the 

official views or policies of the Nebraska Department of Roads or the Federal Highway Admin­

istration, the Metropolitan Utilities District (MUD), Lincoln Electric System (LES), or the 

Omaha Public Power District (OPPD). This report does not constitute a standard, specification, 

or regulation. 
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ABSTRACf 

The Nebraska Department of Roads (NDOR) is reviewing Ibe Federal lfighway 

Administration's (FHWA's) policy for lateral obstacle clearance or offset for utility facilities 

on curbed sections along new or reconstructed municipal state highways in urban areas. The 

FHW A requires Ibat utility appurtenances sucb as fire hydrants, utility poles (electrical 

distribution or transmission), light ·poles or luminaires, gas pipeline structures, etc., be 

located at a 6 ft minimum lateral offset from the back of the curb for new or reconstructed 

municipal state highways. 

Since accidents involving utility poles are associated wilb one of the higher rates of 

accident severity, a considerable reduction in both accident frequency and accident severity 

could be obtained by specifically studying and analyzing utility pole installations. Basic street 

lighting and fire hydrants were also empbasized in Ibe study. 

The cost-effectiveness methodologies selected for use in the study were presented in 

Federallfighway Administration report number FHWA-IP-86-9, "Selection of Cost-Effective 

Countermeasures for Utility Pole Accidents--User's Manual; by Zegeer and Cynecki; and 

the American Association of State lfighway and Transportation Officials' (AASHTO) 

publication entitled, "Roadside Design Guide" 1988. 

Computer models were developed for botb melbodologies. The first, "UP ACE; was 

intended for use with utility installations having multiple appurtenances in a line or a row, 

for exarople, a line of power poles; Ibe second, "ROADSIDE; was intended for use with 

single utility installations sucb as fire bydrants. Seven actual safety improvement projects 

were analyzed wilb "UP ACE" to evaluate current standards and Ibeir effectiveness, obtain 

actual field data, and validate various parts of Ibe computer model. 
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After the site-specific analyses were completed, it was evident that a more detailed 

breakdown was needed for the various typical utility installations. Accordingly, general site 

analyses were performed with "UPACE" for various typical utility installations such as street 

lighting, power distribution, power transmission, and breakaway light and utility poles. A 

benefit-ta-cost ratio methodology was used as the basis for the results and conclusions. 

General site analyses were also performed with "ROADSIDE" for various typical single 

utility installations such as utility poles,light poles, and fire hydrants; and for one actual site, 

a gas installation. 

Some of the key questions which were evaluated were (1) whether it was 

cost-effective to relocate a line of poles, and at what lateral distance it became 

cost-effective, (2) whether the relocation of poles was more cost-effective than modification 

of existing poles to be brea1caway, (3) whether it was cost-effective to relocate a single utility 

installation, such as a power pole, light pole, and fire hydran~ and at what lateral distance 

it became cost-effective, (4) whether the relocation of a single utility installation was more 

cost-effective than modification of the installation to be breakaway, and (5) whether the 6 

ft minimum lateral offset was adequate. 
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1 INTRODUcrION 

1.1 Problem Sialemeni 

The Nebraska Departmenl of Roads (NDOR) is reviewing the Federal Highway 

Administration's (FHWA's) policy regarding the Ialeral obstacle clearance of utility facilities 

in urban areas. The FHW A requires that utility appurtenances such as fire hydrants, utility 

poles (electrical distribution or transmission), light poles or luminaires, elc., be located al 

a 6 ft minimum lateral offset from the back of the curb for new and reconstructed municipal 

slate highways. Along a new or reconstructed municipal state highway which is classified as 

either a curbed arterial or collector, for example, current FHW A policy is that the lateral 

obstacle clearance is to be located 6 ft from the back of the curb. 

NDOR's concern is whether this required offset is excessive (conservative) or 

unsatisfactory, and whether the safety value to be gained from increasing the lateral obstacle 

offset distance warrants the additional cost. That is, is the 6 it minimum distance more 

economical and effective than a 2 ft minimum?, and, what factors determine what distances 

are cost-effective? 

1.2 Objective 

The two most common hazardous, fixed-object obstacles existing along the roadways 

are utility and light poles. NDOR judged that the high rate of accident severity associated 

with utility and light poles, and the potential · for a considerable reduction in accident 

frequency and severity, warranted study and analysis of various pole installations. The major 

objective of the study was to determine the minimum distance location of power and light 

poles. Countermeasures for fire hydrants were also considered in the study. 
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A benefit-to-cost ratio methodology served as the basis for the analysis; optimum 

lateral obstacle clearance was determined by considering the safety benefit obtained with 

respect to the cost of constructing the improvement. Results of the study were used to 

generate curves and/or tables for use by Nebraska Department of Roads staff as a tool or 

aid in selecting the optimum location for utility facilities, that is (1) a line of utility poles or 

luminaires or (2) a single pewer pele, light pele, or fire hydrant. 

1.3 Scope 

Five previously constructed or reconstructed and two future improvement projects 

were analyzed. The field sites were selected by the Nebraska Department of Roads, and all 

involved either utility or light pole improvements. The sites were located in Omaha, Lincoln, 

and Wayne, Nebraska. Each of the seven sites was visited for data collection to perform the 

cost-effectiveness analysis. 

1.4 Organization 

Chapters 2, 3 and 4 present summary and background information on lateral obstacle 

clear wne policies in each of the fifty states and Puerto Rico, an accident literature review, 

and a review of government policy literature on lateral obstacle clear zones. In Chapter 5 

cost-effectiveness research studies dealing with safety improvements for fixed objects and 

the conceptual model which served as the basis for the "UPACE" and "ROADSIDE" 

methodologies are reviewed. Chapters 6, 7, and 8 discuss the "UP ACE" methodology, field 

sites, and general site analyses, respectively; in Chapter 9 the general site analyses for the 

"mACE" model are presented. Similarly, Chapter 10 presents the "ROADSIDE" 

methodology, and Chapters 11 and 12 the general and specific site analyses. Conclusions and 
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recommendations are presented in Chapter 13, and finally, in Chapter 14 reimbursement 

policies to utilities are reviewed. 
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2 LATERAL OBSfACLE CLEAR ZONE POLICIES 

2.1 Background 

The Federal Highway Administration (FHWA) currently requires that a 6 ft 

minimum lateral offset from the back of the curb be maintained for location of utilities 

along new or reconstructed municipal state highways and municipal streets in urban areas. 

However, lateral obstacle offset policies vary from state to state. To compare the policies 

used by the State of Nebraska with those of other states, a questionnaire was prepared and 

sent to each of the fifty state highway departments and Puerto Rico. The departroents were 

also requested to send a copy of their current standards. 

2.2 Objective 

The purpose of the review was to better understand current lateral obstacle clear 

zone policies in other states and also to review the factors which influenced the formation 

of those policies. Emphasis was placed on urban and suburban classifications. 

2.3 Scope 

Information was sought on miniroum desigo standards for all roadway functional 

classifications. More specific information was requested on lateral obstacle policies for 

municipal streets, and specifically the validity of the 6 ft minimum lateral offset along 

municipal streets. A copy of the cover letter, questionnaire, and two examples from the 

Nebraska Dep3nment of Road's (NDOR) mjnimum. design standards are included in 

Appendix A 
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2.4 Questionnaire ·Summary 

The first questionnaire, Questionnaire #1, was entitled, .. Lateral Obstacle Clear Zone 

Policies for Fixed Objects LocaJed on Mwlicipa/ Streets." (Refer to Appendix A for a review 

of the questions.) Responses to the questionnaire are presented in Table 1 and summarized 

in Table 2. Eight states did not respond to the questionnaire. The questions and responses 

are discussed below. 

Question #1: 

The purpose of this question was to determine how many states currently have a 

lateral obstacle clear zone policy for fixed objects such as utility facilities, trees, etc., along 

curbed municipal streets. The summary presented in Table 2 shows that 31 (81.6%) of the 

38 states responding to the question do have specific policies. Of the states that reported 

a clear zone distance, the average clear zone distance was 3.4 ft for curbed sections along 

municipal streets. One state reported that the clear wne distance varies, and three states 

responded that they use the AASHTO "Roadside Design Guide" for their clear zone criteria. 

Question #2: 

The intent of this question was to determine how many states currently have a lateral 

obstacle clear zone policy for fixed objects along non-curbed municipal streets. Results 

presented in Table 2 indicate that 29 (80.6%) of 36 states responding to the question have 

a specific policy. The states that reported a clear zone distance used an the average of 10.3 

ft for non-curbed sections along municipal streets. Seven states reported that the clear zone 

distance varies, nine stated that they use the AASHTO "Roadside Design Guide", and one 

reported that they use the AASHTO "Guide for Selecting, Locating, and Designing Traffic 

Barriers" for their clear zone criteria. 
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3. Arizona 
<t. ArbnM, 
oS. California 
6. Colorado 
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20. Maryland 
2!. M ... ebulClU 
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25. MiNouri 
26. Montana 
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TABLE 1. 
Questionnaire #: 1 Responses 

Lateral Obstacle Clear Zone Policies for 
Fixed Objects Located on Municipal Streets 

Latetal Ckar Zone uteRI C1ear Zoae Policy 'DepeDcItaI on CocWderatioo foc 
Policy for CUrbed Policy lor NOD-CItrbocI Coacv.rnnI SaCecy Shielded Pok. fOl" 
Munkipal Street MlIDKipal Street IalprovemAl Projec:t """" ... 

y" No DilWK:e y" No ",-, y" Ho y" Ho 
(ft) (ft) 

= D = = D = = D = D 

y" ,. y- '·10 Yu y" 
Ho ROO Ho ROO Yu y" 

y" , y- ROO y" y" 
Ho - No - - - No 

y" 1.5- y" ROO Yu y" 
y" 1.5- y" 10 y" y" 
y" ,.- y" Varlel Ho y" 

= D = = D = = D = D 

y" ,. y" ROO Yu y" 
y" 2 Yu 17 Ya Ho 
- - - - - - - - - -
y" 1.5- y" I. y" y" 
y" 1.5· Ya I. Ya Ho 
Y" I. Y" V .... Y .. Y" 
Y" ... Y" YB y" Y" 
Y" 6-9.' Y" - y" Ho 

= D = = D = = D = D 

Y" V,rie, Ya V .... y" No 
y" 7· Ya 12 Ya y" 
- - - - - - - - - -
= D = = u = = u = u 

y" , y" V .... Ya y" 
Ya i.!I;. Y" I. - - - -

No - Ho - - - No 
y" ,. - - - Y" y" 
Ya 2 Y" • y" y" 

= u = = u = = D = U 

Ya 1.5· y" r y" Y" 
- - 1.5 - - - - - - -
Y" ROO y" ROO Y" Ya 
- - - - - - - - - -
y" , - - Varlet Y .. No 

Ho - No - - - Y" 

= D = = u = = u = D 

Y" 1.5- Ho ROO Y .. y" 
- - - - - - - - - -

No - Y .. V .... No Ho 
Ho - Ya ROO y" y" 

y" ,~ y" - y" No 
y" , y" V .... y" No 
y" 1.5 Ho - Yu No 
y" 1.5- Ya I. Yu Yn 
y" 1 y" ROO Yu y" 

= u = = D = = u = D 
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CorIIiOct Uain&: FHWA 
·UPACE" EcODOtDic 

Computer Model 

y" No 

= D 

Ullfromiliar 

- -
y" 
- -

Unfamiliar 
Unfamiliar 

Ho 

= D 

Ho 
- -
- -

unt.miu.r 
- -

Ho 
Y" 
- -
= u 

- -
Ho 

- -
= u 

- -
- -
- -
- -
y" 

= D 

y" 
- -
y" 
- -
- -

No 

= u 
Ya 
- -

No 
Ya 
- -
- -
- -

No 
No 

= U 



.... teRI Clear z.o- LoouoI CIou .... P'o&y DepeodaM _ 

Potiey fw CUrbed Policy b Noo-Curbed CODC\IIftGl S.fely 
MWlieipal Sbwt MWlic:ipal StINt IIIIprovecnMll'!ojKt ..... Y .. No ,"-, Y,. No ........ 

(.) (' ) 

46. Viqinia Yu 5.> Yu 
<47 . WaDiac'oa Y .. 2 Y .. I. 
... . W .. Vqiaia Yu 2 Yu • 
49 . W---u. Y" U Y .. 10-11 
50. W)'OCIIiaI No ROO No aDO 
51. Puerto 1Uc:o = ~ = = ~ = 

• - from face of curb 
t _ from edge of pavement 
RDG - AASHTO "Roadside Design Guide" 
YB - AASHTO Yellow Book 
- - answer left blank 
xxxx - no response to questionnaire 

TABLE 2. 

Yu No 

Yu 
Y .. 

No 
No 

- -
= ~ 

Summary of Questionnaire :/I 1 Responses 

Question No. 

Response #1 #2 #3 

Yes 31 (81.6%) 29 (80.6%) 29 (87.9%) 

No 7 (18.4%) 7 (19.4%) 4 (121%) 

Other --- -- -
Subtotal 31 36 33 

Blank 5 7 10 

NoResponsc 8 8 8 

T .... 51 51 51 

Average Distance (Fl) 3375 10.169 -
Use Roadside Design Guide 3 States 9 Slates -

8 

ec-ide.ratioI:I fw c-idcr U.m, FHWA 
Sbick*:l Pole_ for ·UPACE" Economic ...... """ Computer Model 

Yu No Y .. No 

Yu Y .. 
Y .. No 
Y .. No 
Y .. Y .. . No -
= ~ = ~ 

#4 #4(0) 

2S (67.6%) 9 (39.1%) 

12 (32.4%) 10 (43.5%) 

- 4 (17.4%) 

37 13 

6 21) 

8 8 

51 51 

- -
-- -



Question #3, 

This question sought to determine whether enforcement of lateral obstacle clear woe 

policies depended on planning for, or implementation of, concurrent safety improvements 

for a given roadway section. According to the summary presented in Table 2, 29 (87.9%) 

of the 33 states whicb responded to the question enforce tbe clear zone policy only wben 

a concurrent safety improvement project is planned. Thus, lateral obstacle clear zone 

policies may not be enforced along the roadways unless some other safety improvement 

project is being implemented for a given location. For example, a city street may bave utility 

poles located 1 ft behind the back of the curb but the minimum lateral offset for fixed 

objects may be 6 ft. The state might not find it feasible to relocate the line of utility poles 

to meet the minimum criteria unless it has been shown to be a safety improvement; usually 

this would be accomplisbed through a cost-effectiveness or a benefit-ta-cost ratio analysis. 

Anotber possibility is that the state may not require the line of utility poles to be relocated 

unless some improvements to the geometries of the roadway section are being made, for 

example, an improvement whicb involves lane widening. Apparently the reasoning is that 

since construction is already taking place along tbe given roadway section, the utility poles 

might as well be relocated at tbe same time. 

Question #4, 

The question sought to determine wbether the state would even consider relocating 

a line of utility poles or luminaires that were located within the clear wne if they were 

partially shielded by trees. The data show that 25 (67.6%) of the 37 states that responded 

to the question would consider relating the partially shielded fixed objects; 12 (32.4%) of 

the states that responded would not even consider relocating the fixed objects (Table 2). 
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Even though the utility poles or luminaires may be partially shielded, a majority of 

the states must feel that some safety benefit may still be achieved. As stated earlier, this 

benefit is usually determined through an analysis which uses a cost-effectiveness or a 

benefit-ta-cost ratio methodology. 

QuestioD #4(a), 

The purpose of this question was to determine how many states would consider using 

the "UP ACE' computer model in making the decision to relocate either utility poles or 

luminaires when they are partially shielded by trees. Respondents were asked to answer this 

question only if they had responded 'YES' to Question 4. Nine (39.1 %) of the 23 states that 

responded to this question stated they would consider using "UPACE'; 10 (43.5%) states 

stated they would not consider using the model, while 4 states responded that they were 

unfamiliar with the model (Tahle 2). 

2.5 Other States' Lateral Obstacle Clear Zone Policies 

States were also requested to send copies of their minimum design standards for 

lateral obstacle clear zone distances. These standared are presented in Table 3. A general 

classification system of standards in each of the fifty states plus Puerto Rico is presented in 

Table 4. 

1.6 Summary 

The review of lateral obstacle clear zone policies found that although individual 

states had established guidelines for locating utility facilities, policies varied widely according 

to roadway type, ADT, design speed, urban/rural environment, etc. There is no national 

standard for locating utility facilities. 
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The accident literature review is presented in the following chapter indicates the 

seriousness of fixed object accidents, and more specifically, utility and light pole accidents, 

along the roadways throughout the United States. 
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STATE 

1. Alabama 

2. Alaska 

3. Arizona 

4. Ad"",,,,, 

5. California 

6. Colorado 

TABLE 3. 

Minimum Design Standards for 
Lateral Obstacle Clear Zones 

Minimum Design 
Standards Sent MUUmum Design Stand..-ds 

Yes No 

No 

Yes (A) Low Speed Roadways 
(1) Wdh Curbs 

- 2 ft from racc of curb 
(2) Withou' Curbs 

-ADT < 7S07ft 
- ADT > 750 10 ft 

(B) Intermediate Speed Roadways: 40 mph < x ~ 50 mph 
(1) U,ban 

- use criteria (A) except all curbs shall be mountable 
2 ft from. race of curb 

(2) R .. <li 
- usc criteria (C) 

(C) High Speed Roadways: > 50 mpb 
(1) Clear Roadside Concept 

No Uses the AASHTO Publication. -Roadside Design Guide; 1989 

No Uses the AASHTO Publication, -A Policy on Geometric Design . 
of Highways and Streets; 1984 

No 

Yes (A) Local R .. al Roads: 
(1) 10 It from edge of traveled way 

(B) Local Urban Streets: 
(1) 2 It from curb race or from edge of shou1der 
(2) S 40 mph - 1.5 ft minimum 

- 2 ft preferred minimum 
- 3 ft minimum at intersections 

(C) Rural Collectors: 
(1) ~ 40 mph - usc criteria (A) 
(2) :it: SO mph - use the AASHTO Publication, "Guide 

for Selecting. Locating, and Designing 
Traffic Barriers,· 1m 

(3) 40 mph < x < SO mpb - use AASHTO 1977 
(0) Urban CoUectors and Arterials: 

(1) useAASHTO 1m 
(2) use allerla (B) (2) 

(E) R .. al Arterials: 
(1) usc: AASHTO 1m 
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Mmimum o.,.;g. 
STATE Standards Sent Minimum. Design Standards 

Yes No 

7. Connecticut No Unavailable due to current revisions. 

8. Deleware Yes (A) New Coostructioo. 
(1) Tw<>-LanelEgbways 

(a) Rural Arterials and Collections 
-lOfttoJOft 

(b) Urban Arterials and CoUections 
- with shoulders 2 ft behind curb 
- without shoulders 6 ft behind curb 

(0) Loa! Roads 
-lOftto15ft. 

(2) Multi-Lane lEgbways 
(a) Rural 

-15ftto30ft 
(b) U,bao 

- with shoulders 2 ft to 30 ft behind curb 
- without shoulders 6 ft to 30 ft behind curb 

(B) 4R Improvements 
(1) Rural 

- use criteria (A) or install protection devices 
(2) Uroao 

- 2 ft behind curb 

9. Florida No 

10. Georgia No Uses the AASHTO Publication, • A Policy on Geometric Design 
of Highways and Streets; 1984 and "Roadside Design Guide: 
1989 . 

11. Hawaii No . (A) lEgbways:' 
(1) Rural 

-30 ft from edge of roadway 
(2) C;ties, Towns, aod Urilao Areas 

- With curbs 2 ft from face of curb 
- Without curbs 20 ft from edge of traveled way 

• - from Utility Accomodation Policy 

12. Idaho Yes (A) Resurfacing. Restoration, and Rehabilitation (3R) Projects 
on Ending State arid Local Highways: 

(1) Too detailed to summarize. see Section 14-703 of the 
Idaho Transportation Department's Design Manual 

(B) Reswfacing. Restoration, Rehabilitation, and Reconstruction 
(4R) Projects on the Interstate Highway System: 

(1) See Section 14-704 of the1DOT o.,.;g. Maooal 
(C) Fed.,al-AO! P<ojeds othe, thao (3R) and (4R) hojec:ts: 

(1) AASHTO Barrie, Gwde 1977 
(2) AASHTO "Roads;de o.,.;g. Gwdo," 1989 
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Minimum De.;g. 
STATE Standards Sent Minimum De.;g. Standards 

Yes No 

13. D.li.nois Yes (A) Motor Fuel T .. (MFT) Policy: 
(1) Rural f{;gbways 

- DHV > 200 23 It from edge of pavement 
- DHV 100 - 200 20 ft from edge of pavement 

ADT 400 -750 
- ADT < 400 10 ft from edge of pavement 

(2) Urban Sir ..... 
(a) " 45 mph 

- with curbs 2 ft from face of curb 
- without curbs 10 ft 

(b) > 45 mph 
- use criteria (A) (1) 

(B) Federal Policy: 
(1) Rural H~ways 

- varies with speed and roadway cross.scction, but DO 

less than 10 ft 
(2) Urban Streets 

- ~ 4S mph 2 It from race of curb 
- > 45 mph use criteria (B) (1) 

(e) 3R Policy: 
(1) Rural er ... -5edio .. 

- ~ SO mpb 14 ft from edge of pavement 
- ADT > 1000 14 ft from edge of pavement 
- others 10 it from edge of pavement 

(2) Urban f{;gbways 
- 1.5 ft from race of curb 
- 1 ft may be considered 

14. Indiana Yes (A) Rural and Urban Collectors (With Shoulders): 
(1) < SO mpb or ADT < 750 

- 10 ft from edge of traffic lane or to right-oC-way 
line., whichever is less 

(2) Other 
- 10 ft plus shoulder width or to right-oC-way line, 
whichever is less 

(B) Rural aod Urban Arterials (Woth Shoulde,,), 
(1) < 45 mph 

- 10 ft from edge of traffic lane or to right-oC-way 
, line., whichever is less 

(2) ,. 45 mph 
- 20 ft or to right-of-way liDe, whichever is less 

(e) Roadways (Wuh CUrbs), 
(1) < 45 mph &ad Curb He~t ,. 6 m. 

- 1.5 ft from race of curb 
(2) :s; 4S mpb and/or Curb Height < 6 in. 

- see criteria (A) and (B) 
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Minimum Design 
STATE Standards Sent MWmum DWgn Standards 

Yes No 

15. Iowa No 

16. Kamas No 

17. Kentucky No 

18. Louisiana No 

19. Maine Yes (A) New Construction I RcooDStruction 
(1) Rural 

- 30 It !rom edge 01 trave1lane 
(2) Urban 

(a) " 35 mph 
· with curbs 1 ft from face of curb 
· without curbs 3 ft from edge of sboulder 

(b) > 35 mph 
· with curbs 3 ft from face of curb 
· without curbs 20 ft from edge of travel lane 

(B) Rehabilitation I Restoration 
(1) Rural 

• 30 ft from edge of travel lane 
(2) Urban 

(a) " 35 mph 
- with curbs 1 ft from face of curb 
· without curbs 3 ft from edge of shoulder 

(b) > 35 mph 
· with curbs 2 ft from. face of curb 
· without curbs 6 ft from edge of shoulder 

20. Maryland Yes (A) Open Sections: 
(1) 30 mph 6 ft from edge of shoulder 
(2) 40 mph 9 ft from edge of shoulder 
(3) 50 mph 16 ft from edge of shoulder 
(4) 60 mph 20 ft from edge of shoulder 
(S) "JO..8O mph 24 ft from edge of shoulder 

(B) Closed Sections: 
(1) U,ban 

• 7 ft to 10 ft from face of curb 
(2) SublUban 

· 14 ft to 18 ft from face of curb 

21. Massachusetts Yes (A) State Highways: 
(1) 12 It !rom edge of traveled way 
(2) 6 It from edge 01 traveled way 
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Minimum Design 
STATE Standards Sent Minimum Design Standards 

Yes No 

21. Mass., con't. (B) New or Major Construction of Rural Arterial Roadways: 
(1) 40 mph 18 ft Crom edge of travellaae 
(2) SO mph 24 ft Crom edge of travel lane 
(3) 60 ph 30 ft from edge of travel lane 
(4) 70 mph 30 ft &om edge of travel lane 

(C) 3R Pmject" 
(1) Rural 

- > SO mph 30 ft from edge of travel lane 
(2) Urban 

- < SO mph behind sidewalk 

22.MiclUgan No 

23. Minnesota No 

24. Mississippi Yes (A) Rural Arterials: 
(1) Two-Lane 

- ADT < 499 22 ft Crom edge of travel lane 
- ADT ::!! 400 22 ft from edge of travel lane 

DHV 100 - 200 
- DHV 201 - 400 26 ft from edge of travel lane 
- DHV > 400 26 ft from edge of travel lane 

(2) Multi-Lane 
- 30 ft from edge of travel lane 

(B) RuraJ Collectors: 
(1) ADT < 400 20 ft from edge of travel lane 
(2) ADT >: 400 20 ft from edge of travel lane 

DHV 100 - 200 
(3) DHV 201 - 400 22 ft from edge of travel lane 
(4) DHV > 400 26 ft from edge of travellaae 

(C) Urban Arterials: 
(1) Two-Lane 

(a) w,th CUrbs 
- 1.5 ft Crom face of curb 

(b) w,thout Curbs 
- 40 mpb 16 ft from edge of travel lane 
- SO mph 22 ft from edge of travel1a.ne 

(2) Multi-Lane 
(.) With Curbs 

- 1.5 ft from face of curb 
(b) Without Curbs 

- 40 mph 18 ft from edge of travel lane 
- SO mph 24 ft from edge of travel lane 
- 60 mph 26 ft from edge of travel1ane 
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Minimum Design 
STATE Standards Sent Minimum Design Standards 

Yo. No 

24. Miss. con't. (0) Urban Collector Streets: 
(1) w,th Curbs 

- 1.5 ft from face of curb 
(2) w,thout c...bs 

- 30 mph 10 ft from edge of travel lane 
- 40 mph 14.ft from edge of travel lane 

(8) U,ban Local Streets: 
(1) With Curbs 

- 1.5 ft from face of curb 
(2) w,thout Curbs 

- 10 ft from edge of travel lane 

25. Missouri Yes (A) Luminaires and Poles: 
(1) 30 ft mounting height 4 ft from edge of shoulder 
(2) 45 ft mounting height 5 ft from edge of shoulder 

26. Montana Yo. (A) Runl: 
(1) 30 ft. from edge of outside travel lane 

(B) U,ban: 
(1) 2 ft ·from face of curb 

27. Nebraska Yes (A) New and Reconstructed Rural State Highways: 
(1) Interstate 

- 30 ft from edge of driving lane 
(2) Expressway or Major Arterial 

- D HV > 750 30 ft from edge of driving lane 
- DHV 330-750 30 ft from edge of driving lane 
- ADT 1700-3(0) 30 ft from edge of driving lane 
- ADT 850-1,00 2J ft from edge of driving lane 
- ADT 400 - 650 1.2 ft from edge of driving lane 
- ADT < 400 20 ft from edge of driving lane 

(B) Resurfacing. Restoration, and Rehabilitation (3R) Projects 
on Non-Interstate Rural State Highways: 

(1) ADT > 3000 30 ft from edge of drivmg Iane 
(2) ADT 1700 - 3000 20 ft from edge of drivmg lane 
(3) ADT 400 - 1700 12 ft from edge of drivmg Iane 
(4) ADT < 400 12 ft from edge of driving lane 
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STATE 

n. Nebraska. coo't, 

Minimum ne.;g. 
Standards Scnt 

Yes No 

Minimum ne.;g. SlaDdards 

(C) Scenic - Recreation - Rural State Highways: 
(1) DHV > 750 

- Desirable 30 It from edge of driving lane 
- Minimum 12 ft from edge of driving lane 

(2) DHV 400 - 750 
- DcsUabIe 30 It from edge of drivUJg lane 
_ Minimum 12 It from edge of driving lane 

(3) DHV 200 - 400 
- Desirable 20 ft from edge of driving lane 
- Minimum 10 It from edge of driving lane 

(4) ADT 850 - 1700 
- Desirable 12 It from edge of drivUJg lane 
. Minimum 8 It from edge of driving lane 

(5) ADT < 850 
- Desirable 12 It from edge of drivUJg lane 
• Minimum 6 ft from edge of driving lane 

(0) New and Rccoostrudcd MUllicipal State Highways: 
(1) Interstate 

- 30 It from edge of driving lane 
(2) Arterials and Collectors 

(a) With Curbs 
- 6 ft from back of curb 

(b) Without ClUbs 
- :s 45 mph 15 It from edge of driving lane 
- C!: 50 mph see aiteria (A) 

(E) Resurfacing. Restoration, and Rehabilitation (3R) Projects 
on Non-Interstate Municipal Slate Highways: 

(1) With Curbs 
- 2 ft from back of curb 

(2) Without ClUbs 
- < _ 45 mpb 10 it from edge of driving lane 
- > _ 50 mph see criteria (B) 

(F) Municipal Streets: 
(1) Woth Curbs 

- 2 It from back of cwb 
(2) Without Curbs 

- 8 It from edge of drivUJg lane 
(0) Ru,..l Roa<Js, 

(1) Arterial 
- ADT 401 - 750 12 It 
- ADT 251 - 400 10 It 
- ADT 51 - 250 10 It 
-ADTO-50 91t 
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Minimum Des;g. 
STATE Standards Sent MUUmum Des;g. Standards 

Yes No 

'rI. Neb<aska, COD'C (2) CoIIcdor 
- ADT 251 - 400 10 It 
- ADT 51 - 2SO 10 It 
- ADT 0 - SO Shoulder + 2 ft 

(3) Loca1 
- ADT 0 - 400 Shoulder + 2 ft 

(4) or see aiteria (F) 
(H) Scenic - Reaeation - Rural Roads: 

(I) Arterial 
- ADT 401 - 750 10 ft 
- ADT 251 - 400 10 ft 
-ADTO-2S0 9ft 

(2) Colledor 
- ADT 251 - 400 10 ft 
- AnT 0 - 250 Shoulder + 2 ft 

(3) Loca1 
- ADT 0 - 400 Shoulder + 2 ft 

(4) or IoU aileria (F) 

28. Nevada No 

29. New Hampshire Yes (A) Interstate Highways and Major Arterials: 
(I) 30 It from edge of tra,.led way 

(B) Slate H;gbways: 
(I) With Clubs 

- 5 It 
(2) Without Curbs 

- 8 ft from edge of paved surface 
(C) Uroan CoDrutiODS 

(I) 1.5 It from face of curb 
(2) 2 ft from face of curb with continuous parking 

30. New Jersey Yes (A) Rural and Uroan H;gbways: 
(1) 2S mph 9 It from edge of traveled way 
(2) 30 mph 11 ft from edge of traveled way 
(3) 35 mph 13 It from edge of traveled way 
(4) 40 mph 15 It from edge of traveled way 
(5) 45 mph 17 It from edge of tra,.led way 
(6) SO mph 20 ft from edge of traveled way 
(7) .55 mph 2S ft from edge of traveled way 
(8) 60 mph 30 It from edge of tra,.1ed way 
(9) 70 mph 36 It from edge of tra,.led way 

(B) Uroan Arterials, CoIIcdors, and Loca1 Streets: 
(I) 1.5 It from face of curb 

31. New Mexico No Uses the AASHTO Publication, -Roadside Design Guide; 1989 

32. New York No 
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Minimum Design 
STATE Standards Sent Minimum DWgn S<anda,,1s 

Yes No 

33. North Carolina Yes (A) Conventional Highways in Urban Areas: 
(1) Wolh CIubc and No Sidewalks 

- 6 ft 
(B) Fe<le,aJ-Aid Projects: 

(1) '" 3S mph 
- 6 ft offset bebind cmb 
- 10 ft offset from edge of travel way 

(2) 35 mph < ]( < 55 mph 
- 20 ft off&et 

(3) >: SS mph 
- 25 ft offset 

(4) Intersections with Large Radii 
- see diagrams in the NCDOT Utility Manual 

(C) Othe< 
(1) AASHTO 197/ 
(2) NCDOT Gwdelines for Planting within Highway 
Right-of-Waf 
(3) NCDOT "Roadway Design Manual" 

34. North Dakota No 

35. Ohio No 

36. Ok1ahoma Yes (A) R ... aJ Highways: 
(1) Principal Arterials. Minor Arterials. and State Major 
Collectors 

(a) Federal-Aid Projects 
- use current AASHfQ Gwdelines 

(b) SAP P,ojcds 
- outside edge of shoulder plus 3 ft 

(B) Urnan 0' Municipal Highways: 
(1) Principal Arterials 

. With Curbs 6 ft 
- Without Curbs outside edge of shoulder 

(2) Minor Arterials and CoUectors 
(a) ADT 0 - 180 

- 2 ft minimum 
- 6 ft desirable 

(b) ADT 180 - 600 
- 2 ft minimum 
• 6 ft desirable 

(c) ADT > 600 
- 6 ft 
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Minimum Design 
STATE Standards Sent Minimum Des;gn StaDd..-ds 

Yes No 

36. Olda .. coo'l. (q Common ODOT Pr.ctices 
(1) Woth euro. 

- 1.5 ft minimum 
- 8 ft desirable 
- 5 ft at signaJ poles staDd..-d 

(2) WUbout euro. 
- Low Speed 10 ft Desirable 
- High Speed "Roadside Design Guide" 

37. Oregon No 

38. Pennsylvania No 

39. Rhode Is1aod No Uses the AASHTO Publication, "Roadside Design Guide," 1989 

40. South Carolina No 

41. South Dakota Yes (A) Two-Lane Rural Arterial Highways: 
(1) Principal 

(a) Major Reconstruction / New Construction 
- ADT < 11XXl 30 ft 
- ADT 1000 . 1500 30 ft 
- ADT > 1500 30 ft 

(b) Minor Reconstruction 
- ADT < 1000 25 ft 
- ADT 1000 - 1500 30 ft 
-ADT> 1500 30ft 

(c) Resuriacing 
- ADT < 1000 20 ft 
- ADT 1000 - 1500 20 ft 
- ADT > 1500 20 ft 

(2) MiDor 
(a) Major and Minor Reconstruction / New 
Construction 

- ADT < SOO 25 ft 
- ADT 500 - 1000 30 It 
- ADT > 11XXl 30 ft 

(b) Reauriacing 
- ADT < SOO 20 ft 
- ADT 500 . 1000 20 It 
- ADT > 1000 20 ft 

(B) Two-Lane Rural Collector Roads: 
(1) Major Reconstruction / New Construction 

- ADT < 250 20 ft 
- ADT 250 - 500 25 It 
- ADT > SOO 30 ft 
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Minimum Design 
STATE Standards Sent Minimum Design Standards 

Yes No 

41. S. Dakota. con't. (2) Minor Reconstruction 
- ADT < 2SO 20 ft 
- ADT 250 - 500 20 ft 
- ADT > 500 2S ft 

(3) R .. wfacing 
- ADT < 2SO 10 ft 
- ADT 250 - 500 15 ft 
- ADT > 500 20 ft 

(C) Arterial Sueets: 
(1) 30 mph 2 ft 
(2) 40 mph 6 ft 
(3) 50 mph 6 ft 
(4) 60 mph 8 ft 

(D) Major CoUedor Streets: 
(1) 2 ft 
(2) 8 ft desirable 

42. Tennessee No 

43. Texas Yes (A) Rural:· 
(1) Freeways 

- 30 ft minimum 
(2) Arterial 

(a) ADT < 750 
- 10 ft minimum 
- 16 ft desirable 

(b) ADT 750 - 1500 
- 16 ft minimum 
- 30 ft desirable --

(e) ADT " 1500 
- 30 ft minimum 

(3) CoUector 
- " 45 mph see aileria (A) (1) 
- ~ 40 mph 10 ft minimum 

(4) Loca1 
- 10 ft minimum 

(B) Urban:" 
(1) Freeways 

- 30 It minimum. 
(2) w,th Curbs 

(a) '" 45 mph 
- 1.5 ft minimum from face of curb 
- 3 ft desirable from race of curb 

(b) " 50 mph 
- see aileria (A) (2) 
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Minimum Design 
STATE Standards Sent Minimum Design Standards 

Yes No 

43. Texas, con't. (3) Wdhoul Curbs 
- ~ 40 mph 10 ft minimum 

• 
- .. 45 mph see crileria (A) (2) 

- All DOQ.·curbed section distanecs are measured from the edge 
of travel lane. 

44. Utah No Uses the AASHTO Publication, -Roadside Design Guide,- 1989 

4S. Vermont No 

46. Vuginia Yes Since the standards were too detailed to summarize, one should 
obtain them from the VU'ginia Department of Transportation. 

47. Washington Yes Lateral clearance vaJues are givcD in Chapter 710 of 
Washington's Design Standards which were not supplied. 

48. West Vuginia No 

49. Wisconsin Yes (A) Rw-a1 IDghways: 
(1) ADT < 1500 10 ft from edge of traffic lane 
(2) ADT > 1500 18 ft from edge of traffic lane 

(B) Urban and Suburban Roadway With Shoulders: 
(1) S 4S mph 10 ft from edge of traffic lane 
(2) > 4S mph 18 ft from edge of traffic lane 

(C) Cw-bcd Roadways: 
(1) " 45 mph 1.5 ft &om face of ClUb 
(2) > 4S mph sec criteria (A) 

SO. Wyoming No Uses the AASHTO Publiction, "Roadside Design Guide,· 1989 

S1. Puerto Rico No 
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Table 4. Generalized Classification for All State's Minimum Design Standards 

STATE'S MINIMUM DESIGN STANDARDS (ft.) 
RURAL AREAS 

AL AI{ AZ AR CA CO CT DE FL GA HI ID 

1. Freeways- Arterials (>55mpb) 

A. With Curb 

1. LowADT 2-6 

2. Medium ADT 2-6 

3. HighADT 2-6 

B. Without Curb 

1. LowADT 10-30 

2. Medium ADT 10-30 

3. HighADT 10-30 

II. Collectors· Highways (35·55 mph) 

A. With Curb 

1. LowAOT 2 2-6 30 

2 MediumADT 2 2-6 30 

3 . HighADT 2 2-6 30 

B. Without Curb 

1. LowADT 7 10 10-30 30 

2 MediumADT 7 10 10-30 30 

3. HighADT 10 10 10-30 30 

IL IN IA KS KY 

10 

10 

10 

20 

20 

20 

10 10 

20 10 

20-~ 10 
--- -
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Table 4. Generalized Classification for All State's Minimum Design Standards, oon'l, 

STATE'S MINIMUM DESIGN STANDARDS (ft.) 
RURAL AREAS 

AL AK AZ AR CA CO cr DE FL GA HI ID IL 

m. Local·Residential «35mph) 

A. With Curb 

1. LowADT 2 10-15 

2 MediumADT 2 10-15 

3. mghADT 2 10-15 

B. Without Curb 

1. LowADT 7 10 10·15 

2 MediumADT 7 10 10-15 

3. H;gbADT 10 10 10-15 

lV. AASHTO Guidelines 

A. Roadside Design Guide 1989 • • • 
B. Geometric Design of Highways • • 

and Streets 1984-

C. Barrier Guide 1m • • 

V. Information Not Available NA NA NA NA 
-

IN IA KS KY 

1.5 

15 

1.5 

NA NA NA 



N 
0- Table 4. Generalized Oassification for All State's Minimum Design Standards, con't. 

STATE'S MINIMUM DESIGN STANDARDS (ft.) 
RURAL AREAS 

LA ME MD MA MI MN MS MO MT NE NY NH NJ 

I. Freeways- Arterials (>SSmph) 

A. With Curb 

1. LowADT 

2. Medium ADT 

3. H;gh ADT 

B. Without Cwb 

1. LowADT 30 2().24 24-30 22 30 20 30 

2. Medium ADT 30 2().24 24-30 22 30 22 30 

3. H;ghADT 30 2().24 24-30 22 30 23 30 

II. Collectors - H;ghways (3S-SS mph) 

A. With Curb 

1. Low ADT S 

2. Medium AOT S 

3. H;gh ADT S 

B. Without Curb 

1. Low ADT 30 9-16 6-12 20 30 12 8 13-20 

2. Medium ADT 30 9-16 6-12 20 30 12 8 13-20 

3. HighADT 30 9-16 6-12 20 30 12 8 13-20 

NM NY NC 
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Table 4. Generalized Classification for All State's Minimum Design Standards, con'!, 

STATE'S MINIMUM DESIGN STANDARDS (ft.) 
RURAL AREAS 

lA ME MD MA MI MN MS MO MT NE NY NH Nl 

III. LocaI·Residential «35mph) 

A. w.th Curl> 

1. LowADT 

2. Medium ADT 

3. HighADT 

B. Without Curb 

1. LowADT 30 6 30 

2. Medium ADT 30 6 30 

3. HighADT 30 6 30 

IV. AASHTO Guidelines 

A. Roadside Design Guide 1989 

B. Geometric Design of Highways 
and Streets 1984 

C. Barrier Guide 1m 

V. Information Not Available NA NA NA NA NA 

NM NY NC 

• 

NA NA 
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0> Table 4. Generalized Classification for All State's Minimum Design Standards, con'1. 

STATE'S MINIMUM DESIGN STANDARDS (ft.) 
RURAL AREAS 

NO OH OK OR PA RI SC SO TN TX UT vr VA WA 

I. Freeways- Arterials (>SSmpb) 

A. With Curb 

1. LowADT 

2. Medium ADT 

3. HighADT 

B. Without Curb 

1. LowADT 20-30 10 

2. Medium ADT 20-30 16 

3. HighADT 20-30 30 

n. Collectors - Highways (35-55 mph) 

A. With Curb 

1. LowADT 2 

2. Medium ADT 2 

3. mghADT 6 

B. Without Curb 

1. LowADT 2 20 10 

2. Medium ADT 2 25 io 

3. mghADT 6 30 10 
- -- -

WV WI WY PR 

10 

10 

18 

10 

10 

18 L __ -----
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Table 4. Generalized Oassification for All State's Minimum Design Standards, coo't. 

STATE'S MINIMUM DESIGN STANDARDS (ft.) 
RURAL AREAS 

NO OH OK OR PA RI SC SD TN TX UT vr VA WA 

m. Local-Rwden6al «35mph) 

A. With Curb 

1. LowADT 15 
-1. 

2 10 

2. Medium. ADT 15 2 10 

3. mghADT 1.5 2 10 

B. Without Curb 

1. LowADT 

2. Medium ADT 

3. H;ghADT 

IV. AASHTQ Guidelincs 

A. Roadside Design Guide • • 
1989 

B. Geometric Design of 
Highways and Streets 1984 -

C. Barrier Guide 1m 

V. Information Not Available NA NA NA NA NA NA NA NA NA 

wv WI WY PR 

15 

15 

1.5 

• 

NA NA 



w 
o Table 4. Generalized Classification for All State's Minimum Design Standards, con't. 

URBAN AREAS 
STATE'S MINIMUM DESIGN STANDARDS (ft.) 

AL AI{ AZ AR CA CO CT DE FL GA m ID IL 

I. Freeways- Arterials (>5Smph) 

A. With Curb 

1. LowADT H 2 

2. Medium ADT H 2 

3. mghADT H 2 

B. Without Curb 

1. LowADT 20 

2. Medium. ADT 20 

3. HighADT 20 

II. CoUectors . Highways (35-55 mph) 

A. With Curb 

1. LowADT 2 1.5·3 2·30 2 2 

2. Medium ADT 2 1.5-3 2·30 2 2 

3. HigbADT 2 1.5-3 2·30 2 2 

B. Without Curb 

1. LowADT 20 10 

2. Medium ADT 20 10 

3. HighADT 20 10 

IN IA KS KY 

20 

20 

20 

20 

20 

20 

15 

1.5 

1.5 

10 

10 

10 
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Table 4. Generalized Classification for All State's Minimum Design Standards, con't. 

STATE'S MINIMUM DESIGN STANDARDS (ft.) 
URBAN AREAS 

AL AI( AZ AR CA CO cr DE FL GA HI ID IL 

m. LocaJ·Residential «3Smpb) 

A. With Curb 

1. LowADT 2 1.5·3 10·15 2 2 

2. Medium ADT 2 1.5·3 1()'15 2 2 

3. HighADT 2 1.5·3 1()'15 2 2 

B. Without Curb 

1. LowADT 7 20 10 

2. Medium ADT 7 20 10 

3. rugh ADT 10 20 10 

IV. AASHTO Guidelines 

A. Roadside Design Guide 1989 • • • 
B. Geometric Design of Highways • • 

and Streets 1984 

C. Barrier Guide 1m • 
V. Information Not. Available NA NA N N 

A A , . . -_ .... _- -

IN IA KS ICY 

1.5 

1.5 

1.5 

NA NA NA 
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Table 4. Generalized Classification for All State's Minimum Design Standards, con'l, 

STATE'S MINIMUM DESIGN STANDARDS (ft.) 
VRBANAREAS 

LA ME MD MA MI MN MS MO MT NE NY NH NJ 

I. Freeways- Arterials (>SSmph) 

A. With Curb 

1. Low ADT 3 7·10 1.5 2 1.5 

2. Medium ADT 3 7-10 1.5 2 1.5 

3. mghADT 3 7·10 1.5 2 1.5 

B. Without Curb 

1. Low ADT 20 16-22 30 30 

2. Medium. ADT 20 16-22 30 30 

3. HighADT 20 16-22 30 30 

n. Collectors· Highways (35-55 mph) 

A. With Curb 

1. Low ADT 3 7-10 1.5 2 6 5 1.5 

2. Medium ADT 3 7-10 1.5 2 6 5 1.5 

3. HighADT 3 7-10 1.5 2 6 5 1.5 

B. Without Curb 

1. Low ADT 20 6-12 10-14 15 8 13-20 

2. Medium ADT 20 6-12 10-14 15 8 13-20 

3. High ADT 20 6-12 10-14 15 8 13-20 
----- ----

NM NY NC 

6 

6 

6 
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Table 4. Generalized Qassification for All State's Minimum Design Standards, con'!. 

STATE'S MINIMUM DESIGN STANDARDS (ft.) 
URBAN AREAS 

IA ME MD MA MI MN MS MO MT NE NY NH 

III. Loc.aI-Residenti.aI «35mph) 

A. With Curb 

I. Low ADT 1 7-10 1.5 2 2 1.5 

2. Medium ADT 1 7-10 1.5 2 2 1.5 

3. High ADT 1 7-10 1.5 2 2 1.5 

B. Without Curb 

1. LowADT 3 10 8 

2 MediumADT 3 10 8 

3. HighADT 3 10 8 

IV. AASHTO Guidelines 

A. Roadside Design Guide 1989 

B. Geometric Design of Highways 
and Streets 1984 

C. Barrier Guide 1m 

V. Information Not Available NA NA NA NA NA 
-------- --- --- - - -- . . .. -- -

NJ NM NY NC 

1.5 . 

1.5 

1.5 

• 

NA 
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~ Table 4. Generalized Classification for All State's Minimum Design Standards, con'!, 

STATE'S MINIMUM DESIGN STANDARDS (R.) 
URBAN AREAS 

NO OH OK OR PA RI SC SO TN TX UT vr VA WA 

I. Freeways· Arterials (> SSmpb) 

A. With Curb 

1. LowADT 6 

2 MediumADT 6 

3. HighADT 6 

B. Without Curb 

1. LowADT 30 

2 Medium ADT 30 

3. HighADT 30 

II. Collectors· Highways (35·55 mph) 

A. With Curb 

1. LowADT 2 1.5 

2 Medium. ADT 2 1.5 

3. HighADT 2 1.5 

B . . Without Curb 

1. LowADT 2 10 

2. Medium ADT 2 16 

3. HighADT _6 30 
--

i 

WV WI WY PR I 

18 

18 

18 

1.5 

1.5 

1.5 

. 18 

18 

18 
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Table 4. Generalized Classification for All State's Minimum Design Standards, con't. 

STATE'S MINIMUM DESIGN STANDARDS (ft.) 
URBAN AREAS 

NO OH OK OR PA RI SC SD TN TX UT vr VA WA 

m. Local-Residential «3Smph) 

A. With Curb 

1. LowADT 15 I.S 

2. Medium ADT 15 I .S 

3. HighADT I.S I.S 

B. Without Curb 

1. LowADT 10 

2. Medium ADT 10 

3 . HighADT 10 

IV. AASHTO Guidelines 

A. Roadside Design Gwde • • 
1989 

B. Geometric Design of 
Highways and Streets 1984 

C. Barrier Guide 1m 

V. Information Not Available NA NA NA NA NA NA NA NA NA NA 
-

WV WI WY PR 

15 

15 

15 

10 

10 

10 

• 

NA NA 
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3 ACCIDENT LITERATURE REVIEW 

A number of research studies have addressed accidents involving fixed objects, 

specifically, utility and light poles. In this chapter relevant national accident data and 

statistical information are presented and some recent studies involving fixed objects are 

reviewed. 

According to the National Safety Council (NSC), 48,700 motor-vehicle deaths and 

1,800,000 disabling injuries occurred nationwide in 1987 (1). The total cost was estimated 

at approximately S64.7 million. Nationwide, there were 43,300 fatal accidents, 1,200,000 

injury accidents, and 19,600,000 property-damage-only accidents (pDQ's). Collisions with 

fixed objects accounted for a significant portion of these incidents: 3,400 out of the 48,700 

deaths and 70,000 out of the 1,800,000 disabling injuries. From 1985-1987, 9.5% of the fatal 

accidents and 4.8% of all accidents resulted from a collision with a fixed object. The 

problem of collisions with fixed objects is more pronounced in urban areas where the figures 

are 13.5% and 5.4%, respectively, as compared to 7.3% and 3.5% in rural areas. Reports 

from three traffic authorities indicate that the most frequent type of fixed object accident 

involved a collision with trees or shrubbery, and accounted for 22.3% of fatal accidents and 

17.3% of injury accidents (Table 5). Collisions with utility poles were most common, 

occurring in 13.5% of all accidents, or 17.7% if light supports are included. 

According to the National Highway Traffic Safety Administration (NlITSA), 46,386 

fatalities resulted from 41,435 fatal accidents in 1987 (Z). Of the 25,833 first-harmful-event, 

single-vehicle accidents, 12,499 deaths (48.4%) occurred from collisions with a fixed object 

such as a tree, utility pole, sign, guardrail, stationary structure, or substantial vegetation. 
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TABLE 5 

Type of Fixed Object Struck by Accident Severity, 1987 

Severity of Accident 

Type of Faed Object Property 
Fatal Injury Damage All 

Accidents Accidents Accidents Accidents 

Total 100.0% 100.0% 100.0% 100.0% 
T=, shrubbery 22.3 17.3 10.6 13.0 
Embankment 13.7 15.3 9.8 11.7 
Utility Pole 13.2 15.9 122 13.5 
Guardrail post 10.9 7.8 7.5 7.6 
Fence 7.4 8.3 14.9 12.6 
CUlvert, ditch or abutment 6.9 1.6 1.3 1.4 
Light support 4.0 4.6 4.0 4.2 
Rock, ledge 4.0 3.2 2.0 2.4 
Median, curb 2.8 3.7 5.9 5.1 
Bridge, pier 2.3 2.1 2.1 2.1 
Sign post 2.3 2.6 4.9 4.1 
Building, wall 1.7 3.3 3.6 3.5 
Barricade 1.1 1.3 1.1 1.2 
Impact attenuatar, crash cushion 0.0 0.2 0.3 0.3 
Other fixed object 7.4 U.8 19.8 17.3 

Source: Based on reports from 3 state traffic authorities. 

In 1987, 28.5% of fatal accidents and 27.9% of fatalities resulted from a fixed-object 

collision as recorded by first harmful event. 

On Nebraska roadways in 1987, tbere were 255 fatal accidents (0.7%), 14,567 injury 

accidents (38.%), and 23,248 PDQ's (61.1%), whicb resulted in 297 fatalities and 21,917 

injuries (l). For all accidents and fatal accidents by first barmful even~ 12% and 23%, 

respectively, involved a collision with a fixed object. 

Gustafson reported that nationwide from 1982 to 1984,5,600 fatal accidents involving 

utility poles or light supports resulted in 6,046 deaths (!!.). From 1977 to 1983, 16,720 Iowa 

accidents involving utility poles or light poles resulted in 124 fatal accidents, 5,754 injury 

accidents, and 10,842 PDO's; resulting in 137 deaths and 7,760 injuries. 
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From a limited study in 1972, Graf, Boos, and Wentworth estimated that utility pole 

accidents account for more than 5% of the national traffic fatalities annually and more than 

15% of the fixed object traffic fatalities (~). They estimated that utility pole accidents 

account for 2,750 fatalities, 110,000 injuries, and 250,000 PDQ's annually. 

A study by Fox, Good, and 10ubert in Australia investigated a total of 879 pole 

accidents occurring between 1u1y 7, 1976 and March 7, 1977 (Ji). The distribution by accident 

severity was 3% fatal accidents, 27% injury accidents, and 70% PDQ's. In 1976, pole 

collisions resulted in 54 fatalities (5.8%) and 813 injuries (4.6%) in the State of Victoria. 

The corresponding figures for the Melbourne metropolitan area were 45 fatalities (9.4%) 

and 785 injuries (5.9%). 

In 1978, Post, McCoy, Wipf, Bolton, and Mohaddes found that wooden utility poles 

have a higher-than-average accident severity than fixed objects located along streets in urban 

areas statewide (1). In 1978,291 utility pole accidents were noted in lincoln, Nebraska, with 

a corresponding accident severity of 0%, 45%, and 55%, for fatalities, personal injuries, and 

PDQ's, respectfully. Statewide, the corresponding accident severity for fixed object collisions 

in urban areas was 1%, 35%, and 64%, respectively. 

Nationwide, Labra and Michie found vehicle impacts with wooden utility poles to 

have the highest frequency of severe and fatal injuries to occupants of all single-vehicle inci­

dents (a)- Utility pole accidents were four times more likely to result in fatalities than all 

other accidents: over 8,300 deaths occurred in 4,400 utility pole accidents from 1975 to 1977. 
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Jones and Baum reported that utility pole accidents were by far the most frequent, 

accounting for 21.1% of all fixed objects struck for single-vehicle, first object struck 

accidents, as shown in Table 6; they also account for 2.2% of all accidents in urban areas 

(2). Utility poles were found to have the second highest percentage of injury (50.5%) with 

the exception of vehicles striking the ground (52.6%), which generally were rollover type 

accidents, as shown in Table 7. 

TABLE 6 

First Object Struck in Single Vehicle Accidents Ranked by Frequency 

FU"St Object Struck Number of Accidents Percentage of Total 

Utility Pole 1291 21.1 
Fence, Guardrail 825 13.5 
Sign. Mailbox, Parking Meter, Guy Wire 728 11.9 
Culvert, Ditch. Embankment 714 11.7 
Tree 682 11.1 
l.igh~ S;gnal Pole 466 7.6 
rll'e Hydrant 223 3.6 
Building 215 3.5 
Ground (generally rollover) 187 3.1 
WaIl 175 2.9 
Shrubbery 120 2.0 
Bridge 116 1.9 
None 79 13 
Othe< 303 4.9 

Total 6124 100.0 

Pilkington stated that the utility pole accident is the most frequent and severe 

roadside accident involving a "man-made" object (lll): it is six times more likely to result in 

a fatality and three times more likely to result in an injury than the average roadway 

accident. The driver is most often injured, while a front seat passenger is most likely to 

become a fatality. An estimated 80% of utility pole accidents are frontal impacts resultiog 

in injuries. Approximately 20% of utility pole accidents result in a side impact fatality. It is 
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also estimated that there are approximately 88 million utility poles located along our streets 

and highways. According to Pilkington, a considerable number of utility pole accidents are 

not reported since vehicle damage is often minor and drivers leave the ~en. However, the 

poles are often significantly damaged and require repair or replacement. 

TABLE 7 

Relative Severity of Different Objects Struck 

% % of Total 
Obje<t Total' Iajwy Iajwy Iajwy 

Accideats Accidents Accidents Accidents 

Utility Pole 1166 589 50.5 31.4 
Fence, Guardrail 740 171 23.1 9.1 
Sign. Parking Meter, Mail box. Guy Wue 668 133 19.9 7.1 
Culvert, Ditch, Embankment 674 300 44.5 16.0 
nee 598 157 43.0 13.7 
Ugh~ S;g.al Pole 365 77 21.1 4.1 
Fire Hydrant 179 32 17.9 · 1.7 
Buildiog 163 33 21.2 1.8 
Ground (generally rollover) 175 92 52.6 4.9 
Wall 147 53 36.1 2.8 
Shrubbery 100 7 7.0 0.4 
Bridge 115 47 40.9 2.5 
Nooc 79 U 15.2 0.6 
Other 202 72 35.6 3.8 

Total 5371 1875 34.9 100.0 

·Exc1udes those where injury was unknown 

Mak and Mason performed an extensive study on pole accidents between 1975 and 

1980 (ll). Accident data was initially obtained from only two sample areas; the number of 

study areas was later expanded to seven in order to obtain more data. They found that while 

reported pole accidents accounted for 3.3% of all accidents reported in the two original 

study areas, pole accidents accounted for 20.6% of all accidents and 9.9% of all injury 

accidents with respect to severity. Thus, pole accidents were found to be six times more 
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likely to result in fatalities and three times more likely to result in injuries than all other 

accidents. Utility poles were the most frequently struck pole type, accounting for 67.1% of 

all pole accidents, followed by sign supports and luminaires at 16% and 14.4%, respectively. 

Mak and Mason found that pole accident sites have a bigher pole deosity and are 

located closer to the roadway (11). In urban areas, accident sites have 120 poles per mile 

and a median lateral offset of 52 feet compared with 80 poles per mile and 6.7 feet for 

average sites. In rural areas, accident sites have 56 poles per mile and a median lateral 

offset of 8.7 feet compared with 22 poles per mile and 11.8 feet for average sites. Pole 

accidents in rural areas were found to have a bigher injury severity than urban pole 

accidents due to higher impact speeds. 

In terms of frequency of severe to fatal injuries, Mak and Mason (11) reported that 

coUisioos with timber utility poles have the highest frequency at 7.4%, followed by 

nonbreakaway and breakaway luminaires at 4.9% and 3.8%, respectively. In terms of overall 

severity, nonbreakaway luminaires and timber utility poles have the highest frequencies at 

72.4% and 66.8%, respectively. Collisions with other pole types result in smaller frequencies 

of overall injury occurring at less than 40%. 

The extensive human and economic costs associated with accidents involving fixed 

objects motivate national and state government efforts to establish policy governing their 

usc. In the next chapter a literature review is presented of national and state government 

policy for accomodating facilities. The purpose of the review is to present the range of 

accommodation policies and standards to which the utility or light poles must conform. 
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4 GOVERNMENTAL POLICY LITERATURE REVIEW 

4.1 Introduction 

Policies and standards for accomodating utilities are set at several levels of 

government. The sections which follow describe the current goidelines provided by the State 

of Nebraska, by AASHTO. and by the Federal Government. 

4.2 State of Nebraska Policy 

The following section summarizes Nebraska state policies and standards for 

accommodating utilities. 

Reil10nsibility 

Nebraska policy states (12): 

The State of Nebraska, Department of Roads has the responsibility to regulate utility 
occupancy on all State highways. The Department of Roads may enter into 
agreement with qualified Political Subdivisions to provide for exercising this 
responsibility on certain State highways within the geographical boundaries of the 
Political Subdivisions. All other public highways not desiguated as State highways are 
under the authority of the cities and counties wherein such road lies. These Political 
Subdivisions exercise authority over utility occupancy of these public roads in 
accordance with State law and local ordinances. 

Utilities are permitted to occupy public highway right-of-way under Nebraska Statutes 
and in accordance with the Rules and Regulations of the authority having jurisdiction 
over the highway. 

It is the intent of this policy to incorporate all of the provisions of Federal Highway 
Administration FHPM 6-6-3-2 and the AASHTO publications "A Policy on the 
Accommodation of Utilities on Freeway Right-of-Way" and "A Guide for 
Accommodating Utilities on Highway Right-of-Way" which are not in conflict with 
the provisions of this policy. 

Definition of Teons 

Some of the relevant terms used in the State of Nebraska policy are defined as 
follows (12): 
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clear roadside policy: 

The policy employed by a highway authority to increase safety, improve traffic 
operation, and enhance the appearance of highways by designing, constructing. 
and maintaining highway roadsides as wide, f1a~ and rounded as practical and 
as free as practical from physical obstructions above the ground such as trees, 
drainage structures, massive sign supports, utility poles, and other 
ground-mounted obstructions. 

traveled way: 

The portion of the roadway for the movement of vehicles, exclusive of 
shoulders and auxilliary lanes. 

u11l1ly: 

Shall mean and include all privately, publicly or cooperatively owned lines, 
facilities and systems for producing, transmitting or distnDuting 
communications, power, electricity, light, heat, gas, chemicals, oil, crude, 
products, water, steam, waste, storm water not connected with highway 
drainage, and other similar commodities, including publicly owned fire and 
police signal systems and street lighting systems, which directly or indirec!ly 
serve the public or any part thereof. The term "utility" shall also mean the 
utility company, inclusive of any wholly owned or controlled suhsidiary. 

Specifications 

Overhead electrical and communication lines located within the public highway 

right-of-way shall comply with the current National Electric Safety Code (ll). Joint use of 

utility poles also is encouraged to avoid locating additional poles within the right-of-way. 

The general specifications for the horizontal clearance for ground-mounted utility facilities 

are described as follows (12): 

(A) Rural areas: All rigid poles must be located at least thirty (30) feet or 
more from the edge of the traveled way. 

(1) Poles and anchors will be permitted to occupy the outer two 
(2) feet of the highway Right-of-Way on highways without 
sufficient Rights-of-Way to permit pole lines to comply with 
Subsection (A). 
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(B) Urban or suburban areas where the highway speed limits are forty-five 
(45) mph or lower and the highway cross-section is constructed to a typical 
rural cross-section standard (i.e., open ditches, shoulders, and highway 
resurfacing): All rigid poles shaJJ be located at least fifteen (15) feet from 
the edge of the traveled way and the preferred location is near the 
right-of-way line. 

(C) Cities, towns, and urban areas where curb sections exist: Rigid poles may 
be located back of the sidewalk or a minimum of six (6) feet back of the 
curb where feasible. 

(D) Exceptions to these clearances may be made where curbside parking is 
permitted or where poles and anchors can be placed at locations behind 
guard rails, beyond deep ditches or on top of high hanks, or other similar 
locations that would not present additional hazards to the traveling public. 

When feasible, poles located closer than the limits defined in paragraphs B, C, and 

not covered in paragraph D must contain frangible bases or breakaway features to allow the 

pole to collapse when impacted. 

The Nehraska Departtnent of Roads currently uses the docuroent entitled, "Minimum 

Design Standards; to provide detailed specifications for the lateral obstacle clearance 

distance (H). The Nebraska Departtnent of Roads has eight roadway classifications for 

which there are different lateral obstacle policies. The eight roadway classifications are: 

(1) New and Reconstructed Rural State Highways 
(2) Resurfacing, Restoration, and Rehabilitation (3R) Projects on Non-Interstate 

Rural State Highways 
(3) Scenic - Recreation - Rural State Highways 
(4) New and Reconstructed Municipal State Highways 
(5) Resurfacing, Restoration, and Rehabilitation (3R) Projects on Non-Interstate 

Municipal State Highways 
(6) Municipal Streets 
(7) Rural Roads 
(8) Scenic - Recreation - Rural Roads 

Appendix B provides the design standards for lateral obstacle clearance on the 

various roadway classifications as provided by the State of Nebraska (H). 
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4.3 AASHTO Policy 

The American Association of State Highway and Transportation Officials (AASHTO) 

currently has two major publications which address accommodation of utilities, "A Guide 

for Accommodating Utilities WitJtin Highway Right-of-Way" (ti) and "A Policy on the 

Accommodation of Utilities WitJtin Freeway Right-of-Way" (16). Because the AASHTO 

policy which pertains to freeway right-of-way is not significant to this study, a summary of 

the statement on highway right-of-way is provided. The following section summarizes the 

relevant sections of AASHTO guide (.15.). 

Responsibility 

The AASHTO guide states: 

Each highway agency has the responsibility to maintain the right-of-way of 
highways under its jurisdiction as necessary to preserve the operational safety, 
integrity, and function of the highway facility. Since the manner in which 
utilities cross or otherwise occupy highway right-of-way can materially affect 
the safe operation, maintenance, and appearance of the highway. it is 
necessary that such use and occupancy be authorized and reasonably 
regulated. The highway agencies have various degrees of authority to 
designate and to control the use made of right-of-way acquired for public 
highway purposes. Their authorities depend upon State laws or regulations, 
which differ between States. A State also may have local city or county 
government laws and regulations which differ from those applicable State­
wide for highways. 

Utilities also have various degrees of authority to install their lines and 
facilities on the right-of-way of public roads and streets. I..iJce highway 
agencies. their authorities depend upon State laws and regulations which 
differ between States. They also depend upon franchises, local laws, and 
ordinances which differ in the several political subdivisions within a State. 

Aside from the necessary differences imposed by State and local laws , 
regulations, franchises, governmental and industry codes, climate, geography, 
there can be and should be reasonable uniformity in the engineering 
requirements employed by highway agencies for regulating utility use of 
highway right- of-way. In this respect, guidelines outlining safe rational 
practices for accommodating utilities witJtin highway right-of-way are of 
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valuable assistance to the highway agencies. The guidelines herein are 
provided in the interest of developing and preserving safe operations and 
roadsides and of minimizing possible interference and impairment to the 
higbway, its structures, appearance, and maintenance. 

These guidelines make no reference to the legal rights of utilities to use or 
occupy highway right-of-way or to reimbursement of utility owners for the cost 
of adjusting or installing utilities on such right-of-way. These matters are 
governed by State law. These guidelines should be interpreted and applied to 
the extent consistent with State laws which give utilities the right to use or 
occupy higbway right-of-way. 

It is the intent of these guidelines to assist the various highway agencies in 
establishing ~d administering reasonably uniform. utility accommodation 
policies. 

Wherever appropriate, existing utility accommodation policies should be 
modernized in light of these guidelines. 

Definition of TeQWi 

Some of the relevant terms used in the AASHTO guide are defined as follows (U): 

clear zone: 

That roadside border area, starting at the edge of the traveled way, available 
for use by errant vehicles. 

ri&ht-of-way: 

A general term denoting land, property, or interest therein, usually in a strip. 
acquired for or denoted to transportation purposes. 

roadside: 

A general term denoting the area adjoining the outer edge of the roadway. 
Extensive areas between the roadways of a divided highway may also be 
considered roadside. 

roadwAy: 

The porti9n of a highway, including shoulders, for vehicular use. A divided 
highway has two or more roadways. 
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traveled waY: 

The portion of the roadway for the movement of vehicles, . exclusive of 
shoulders and auxiliary lanes. 

Guidelines 

The AASHTO guide provides a number of suggestions to follow for the location and 

design of utility installations within the highway right-of-way (.15). 

Location 

(1) Poles along highways in rural areas should be located at the right-of-way 
line. The poles should be located outside the clear zone. 

(2) Where roadside development occurs along highways in urhan areas, poles 
should be located as close as practical to the right-of-way line. Where 
curbs are present, the poles should be located as far as practical behind 

. the face of the outer curb. If it is feasible, poles should be located behind 
the sidewalks. 

(3) When locating poles at a location other than the right-of-way line, 
consideration should be given to designs which use self-supporting, 
armless, single pole construction, with vertical alignment of wires or cables, 
or other methods allowed by governmental codes which provide a safe 
traffic environment. 

(4) Guy wires and anchors should not be placed between a pole and the 
traveled way where it may encroach upon the clear zone. 

(5) Installations of poles, gnys, and other facilities should not be located in a 
highway median. 

(6) Extensive altercation or removal of trees should be avoided in certain 
areas noted for their scenic qUality. 

Desi~ 

(1) The utility should be responsible for the design of the poles which are 
installed in the highway right-of-way. The highway agency should be 
responsible for reviewing and approving the utility's designs and proposed 
location of the facilities. 
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(2) Utility installations on, over, or under State right- of-way should as a 
minimum meet the requirements of the National Electrical Safety Code 
(U). 

(3) On new installations or changes to existing utility lines, provisions should 
he made for planned expansion of the utility facilities. They should be 
planned to mjnjmize hazards with highway traffic. 

4.4 Federal Policy 

The Federal Highway Administration addresses accomodation of utilities as part of 

Federal-Aid Highway Program Manual FHPM 6-6-3-2 (11). The subsection entitled, 

"Accommodation of Utilities," is included in Appendix C. 
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5 ME1HODOWGY 

5.1 Introduction 

The cost·effectiveness methodologies selected for use in this research study were 

presented in the Federal Highway Administration (FHWA) report entitled, "Selection of 

Cost·Effective Countermeasures For Utility Pole Accidents· Users Manual," written by 

Zegeer and Cynecki (ll), and in the AASHTO "Roadside Design Guide" (.12). 

Two mM-compatible computer programs were used in the study. The firs~ "UPACE," 

is explained in the FHW A report entitled, "Utility Pole Accident Countermeasures 

Evaluation Program and Input Processor-Users Manual," written by SRA Technologies, Inc. 

(2ll). The second program, "ROADSIDE," is presented in the "Roa~,ide Design Guide" (12). 

Since utility poles accidents bave one the highest frequencies of severe to fatal 

injuries, it was determined that a cost-effectiveness methodology which dealt specifically with 

utility poles would be most appropriate. The "UP ACE" methodology was developed to 

handle cost-effective countermeasures for a line of utility poles but also was applicable to 

luminaires or light supports. Utility poles and luminaires account for more than 17.7% of 

all fixed object accidents. The possibility to reduce the number of serious accidents was a 

potential benefit of applying the cost-effective countermeasures to both of these two 

dangerous roadside appurtenances. The "ROADSIDE" methodology was developed to 

handle cost-effective counter-measures for single utility installations such as fire hydrants, 

utility poles, and light poles. 

The next section reviews cost-effectiveness research studies which dealt with safety 

improvements for fixed objects, and some previous research which served as the basis for 

the "UP ACE" and "ROADSIDE" methodologies. 
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5.2 Literature Review 

In 1969, Edwards et aI. developed a method to improve the economic analysis of 

roadway illumination eU). Among the factors they considered were initial costs, accident 

costs resulting from vehicles colliding with light poles, and normal maintenance costs. 

Accident costs were subdivided into costs for structural damage to the pole and base, 

damage to the vehicle, and costs of injury to the occupants. Expressions were developed 

relating roadside illumination costs to major contributing factors for use in comparing the 

cost effectiveness of different lighting systems. 

McFarland and Walton's 1971 study of cost-effectiveness relationships for various 

roadway lighting design criteria and roadway geometry ell) used cost data for initial, 

maintenance, operational, and accident costs. Several lighting designs were compared on a 

cost basis. The designs met certain levels of effectiveness on roadways with different 

numbers of lanes. In general, the 50 ft mounting height was preferred over the 40 ft 

mounting height. The research also showed that breakaway bases give large benefit-cost 

ratios, whatever the illumination design. if the illumination units were exposed. 

In 1974, Glennon suggested a cost-effective method for prioritizing roadside safety 

improvement programs for freeways (~). Later that year Glennon and Wilton developed 

a methodology for determining the effectiveness of safety improvements for all classes of 

highways (M). Glennon used a probabilistic hazard index model to evaluate roadside safety 

improvements. The model considered roadside encroachment frequencies of vehicles (which 

is a function of the ADJ), the percentile distribution for the lateral displacement of 

encroaching vehicles, the lateral placement of the roadside obstacle, the size of the obstacle, 

and the accident severity associated with the obstacle. 

52 



The cost-effectiveness approach served as a method to rank various safety 

improvement programs. The major objective for a highway department is to achieve the 

greatest total decrease in roadside hazards with availahle funds. The predicted difference 

between the hazard indices before and after improvements are made determines the 

effectiveness of the improvement. The cost-effectiveness equation is given in Equation 1. 

CJ1il. = 
Effectiveness 

C/E-

gnnuq1ized cost of the improvement 
hozarri reduction achieved 

cost to reduce one injury (fatal or nonfatal) accident 

(1) 

1n 1975, Weaver et al. used Glennon's conceptual model (Zl) as the basis for a 

structured method to evaluate safety alternatives (Z5:). The implementation procedure served 

three functions: (1) conducting a detailed inventory of a highway to locate and define each 

roadside hazard, (2) recommending feasible safety improvement alternatives for each hazard 

or group of hazards, and (3) evaluating the recommended alternatives using the computer 

model. 

The 1977 AASHTO barrier guide presented a cost-effectiveness procedure for 

evaluating safety alternatives an). 1n 1979, Post et al. modified an earlier cost-effectiveness 

program developed at the Texas Transportation Institute (Tn) (Z5:) to include a much more 

detailed version of the program inputs aI). The modified version used other computer 

models to determine impact severities. 

Post and Chastain completed a cost-effectiveness study in 1982 expanding upon their 

earlier work all). The cost-effectiveness methodology incorporated some other changes 

which included the effects of environmental conditions, vehicle size, distribution of traffic 

stream, et cetera. 
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Post et aI. completed a 1979 feasibility study for implementing breakaway utility poles 

(22) using the cost-effectiveness methodology developed by Glenoon (Zl). Later, McCoy et 

aI. developed a methodology to evaluate safety improvement alternatives for utility poles 

(~). In 1986, Sicking and Ross completed a study whicb incorporated a benefit-<:ost analysis 

of roadside safety alternatives (ll). 

Significant modifications bave been made recently to the cost-effectiveness 

methodology whicb was originaJ\y presented in the 1977 AASHTO barrier guide. They are 

now presented in the AASHTO "Roadside Design Guide" (12). Some of tbese cbanges 

include incorporation of an encroachment rate model which includes the effects of roadway 

curvature and grade plus opposite-direction encroachments on undivided, two-way roadways; 

other cbanges are tbe inclusion of a model whicb relates both the lateral extent of 

encroachment and accident severity to design speed, and a model whicb calculates traffic 

growth over the project life and incorporates this factor into the economic analysis. Another 

modification was the inclusion of the effect of a vehicle which has yawing motion while 

entering the corner zone of the hazard index model. The new cost-effectiveness selection 

computer program, entitled "ROADSIDE; is available for IBM or IBM-compatible personal 

computers. 

5.3 A Conceptual Model 

Glennon argued three conditions mwt exist in order for an impact with a roadside 

obstacle to occur (Zl): firs~ the vehicle must be within the section of roadway associated 

with the roadside obstacle; second, vehicle encroachment must occur; and third, the lateral 

displacement of the vehicle must be on a course of impact with the roadside obstacle. 
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This sequence of events suggested that a conceptual or probabilistic approach was 

needed to help identify hazardous roadside situations. This approach considered vehicle 

exposure and encroachment rate as well as the size and lateral placement of the roadside 

obstacle and its relative influence on accident severity. A schematic of a roadside obstacle 

situation of section L is shown in Figure 1. The generalized equation for determining the 

hazard index is given in Equation 2. 

in which 

H = V[P(E)) [P(C/E)) [pel/C)) (2) 

H = hazard index; expected number of fatal plus nonfatal injury accidents per 
year; 

v = vehicle exposure; number of vehicles per year passing through section L; 

peE) = probability that a vehicle will encroach on the roadside within section L; 
encroachments per vehicle. This probability is a function of the length of 
exposure, L, and other environmental variables such as the geometric 
design of the roadway; 

P(C/E) = probability of a collision, given that an encroachment has occurred; 
accidents per encroachment. This probability is a function of the angle of 
encroachment, 6; the vehicle's lateral displacement (measured from the 
right-front corner of the vehicle),y; the lateral placement of the roadside 
obstacle, s; and the size of the obstacle, I and w; and 

P(l/C) = probability of an injury (fatal or nonfatal) accident, given a collision; fatal 
plus nonfatal injury accidents per total accidents. 
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FIGURE 1. SCHEMATIC OF A ROADSIDE OBSTACLE SITUAT IO N. 

A more complex mathematical relationship was required to evaluate the hazard index 

of a particular roadside situation. For an encroachment angle, n. the more detailed equation 

is given as Equation 3: 

in which 

l+dcsd+ 
00 l+dcsc8 01> wootS" 

! Jty) dy + ! ,JI)fty)dydt +,)=. ,..1 .•. fty)dydt 
(3) 

cosB. in8 (:l" - 1-ci1CC8)tan8 

Ef = encroachment frequency. number of encroachments per mile per year; 

S - severity index [previously defined as P(1/C!l. number offatal and nonfatal 
injury accidents per total accidents; 

I - longitudinal length of the obstacle. feet; 
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w - lateral width of the obstacle, feet; 

s = lateral placement of the obstacle, feet; 

d = width of the vehicle, feet; 

8 = angle of encroachment, degrees; 

x = longitudinal distance from the farthest downstream encroachment point to 
the encroachment point of reference, feet; and 

fry) = percentile distribution of lateral displacements of encroaching vehicles. 

To simplify the mathematical hazard model, two substitutions were made. The flrst 

double integral in Equation 3 was reduced to the approximate single integral equivalent: 

d csc6 1 fty)dy 
00.' ,>-
2 

(4) 

The second double integral was replaced by a single integral equivalent using a stepwise 

analysis of longitudinal increments. To accomplish this simplification, the encroachment 

length, w cot lJ , was divided into a number, n, of small increments, j=l, n, and the 

contribution of each increment to the hazard index is calculated using the lateral 

displacement for the ntidpoint of the subsection. Thus, the second double integral in 

Equation ·3 was replaced by 

. ~ 

woot 8 L f fty)dy 
n j -l It{7J-l) 

·~+deos'·-2-

Since each of the three integrals of the simplified hazard model represents a 

cumulative probability distribution, the equation can be written in a more understandable 
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algebraic fonn. Using a 6 ft average vehicle width, the simplified hazard model for all 

classes of highways is given as &juation 4~: 

H =_1 _ IP[y :" s)+6cscBP[y:"s+3 cos B)+ weo/ L P y:"s+6cos9 + J-ES [ 9' [ w(2 ' 1)]] (4) 
5,280 n j - l 2n 

where 

Ply:" ... J = probability of a vehicle lateral displacement greater than some value. 

n = number of analysis increments for the hazard associated with the obstacle 
width. A reasonable subdivision is one increment for each 2.5 ft of width , 
and 

j = the number of the obstacle· width increment under consideration starting 
consecutively with 1 at the lowest lateral placement. 

This model estimates the hazard index for a particular roadside obstacle independent 

of other contiguous roadside obstacles. To evaluate the effectiveness of a particular roadside 

safety improvement, the difference in hazard index before and after improvement must be 

calculated. 
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"UPACE'METHODOLOGY 

6.1 Introduction 

In 1983, Zegeer and Parker developed a cost-effectiveness analysis procedure for the 

selection of alternative treatments within the highway right-of-way, with the aim of reducing 

utility pole accidents or reducing utility pole severity (32). The cost-effectiveness procedure 

was intended for use by highway designers, traffic and safety engineers, and utility company 

engineers and managers involved in utility pole placement and maintenance. The study 

involved the collection and analysis of roadside and accident data to determine the accident 

experience associated with various roadside and utility pole features. 

A large data base was assembled which included roadway, traffic, utility pole, and 

utility pole accident data for each of 1,534 roadway sections covering a total of 2,519.3 miles 

in Michigan, North Carolina, Washington, and Colorado. The data was collected from 

agency files, photologs, police accident records, and site visits. Statistical analyses were 

performed on the data using comparative analyses and nOD-linear regression models to 

predict utility pole accidents for various combinations of utility pole and roadway features. 

The results were used to determine accident reduction factors and accident benefits of 

various combinations of pole relocation options and reductions in pole density. 

Zegeer and Parker developed general guidelines for selecting countermeasures which 

were likely to be cost·effective under a variety of traffic and roadway conditions. An 

additional discussion on various countermeasures is included in Appendix D. A manual 

procedure and computer program were developed as a method for deterntining the optimal 

countermeasure based on the incremental benefit·to-cost ratio. The two procedures allow 

the user to input the specific roadway, utility pole, and accident history of a specific site. 
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The procedure could also be used if no utility pole accident experience was available. 

Zegeer and Parker developed an accident predictive model or equation. which computes the 

expected before and after accident experience. 

The computer program also can make adjustments for expected benefits due to 

changes in traffic volume, occupant restraint systems (airbags and seat belts), and vehicle 

downsizing. A brief discussion on seat belt effectiveness is included in Appendix E. One 

additional feature of the computer program is that it can consider the increase in other fixed 

object accidents which could occur after relocating utility poles or undergrounding utility 

lines. An example of this would be the case of encroaching vehicles impacting trees or other 

fixed objects which were previously behind the utility poles. 

6.1 Methodology 

Zegeer and Cynecki have presented two procedures, a manual method and a 

computer method, for determining the cost-effectiveness of safety improvement alternatives 

for utility poles or even luminaires.The manual procedure is a simplified version of the 

computerized cost-effectiveness procedure. It does DOt allow for projected seat belt use or 

vehicle downsizing in future years. The computer procedure performs a more detailed 

analyses for the roadside adjustment factor, computation of future traffic volumes, projected 

utility pole accident occurrence and severity, et cetera compared to the manual method. 

6.2.1 Manual Method 

The manual method consists of a series of 18 steps which are listed below. The forms 

which are to be completed for each specific site are included in Appendix F. 

1. Complete the Site Description Form (form A). 
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2. Cpmplete the Countermeasure Description Form (form B). 

3. Compute Average Traffic Volume Over Project Life (ADTAl. 

4. Determine the Number of Utility Pole Accidents Without Treatment (As). 

5. Detennine the Accident Reduction Factor (RAl. 

6. Select the Roadside Adjustment Factor (HRl. 

7. Compute the Number of Accidents Reduced (AA). 

8. Select the Average Cost per Utility Pole Accident (CAl. 

9. Compute Accident Benefits Due to Reduced Accidents (BAl. 

10. Compute Accident Benefits Due to Reduced Accident Severity (Bs). 

II. Compute Total Accident Benefits (B,-). 

12. Detennine the Change in Maintenance Costs (CM). 

13. Detennine Countermeasure Installation Costs (CI). 

14. calculate Total Project Costs (Cr). 

15. calculate the Benefit-ta-Cost Ratio (ABI AC). 

16. Conduct Incremental Benefit-ta-Cost Ratio Artalysis (B/C). 

17. Evaluate Available Funding and Other Constraints. 

18. Record Project Details .. 

An brief explanation of the 18 steps is provided in the following paragraphs. For a 

more detailed explanation, see the report by Zegeer and Cynecki (18). 

Step #1: 

The characteristics of each site should be recorded on form A, which is shown in 

Appendix F. The section should be relatively homogeneous in the following features: traffic 

volume, pole offset from roadway, and pole spacings. 
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While performing the site inspection, a value for the term "Roadside Coverage Factor 

(CFt is to be calculated. The term was described in NCHRP 247 (.13.). This quantity was 

developed to consider the combined effects of both point and continuous fixed objects. 

The fixed object coverage factor, expressed as a percentage, corresponds to the 

probability of striking a fixed object given that a vehicle runs a specified distance off the 

road. For example, a coverage factor of 20% at 30 ft implies that a vehicle that runs at least 

30 ft off the road has a probability of 020 of striking a fixed object within 30 ft of the road. , 

Step #2: 

The proposed countermeasure description is recorded on form B (Appendix F). 

Step #3: 

The purpose of this step is to determine the average traffic volume (ADTA ) over the 

project life. This can be done by one of two methods: (A) by estimating a fixed growth rate 

per year, such as 5% per year, or (B) by estimating the overall growth factor over the 

project life, such as 20% over 20 years. Steps #3 through step #15 are recorded on form 

C. as shown in Appendix F. 

Step #4: 

During this step, the number of utility pole or luminaire accidents per mile per year 

(As) can be determined by two methods: (A) by nomogragh or equation, as presented in 

Appendix G, or (B) by actual accident experience. The nomograph was developed by Zegeer 

and Parker in the FHW A study on utility pole accidents (ll). This is based upon the 

average traffic volume (ADTA ) over the project life. 

The best-fit regression model developed to predict utility pole accidents is given by 

Equation 5. 
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Acc/Mi/Yr c [9.84x1O-'(AD1)+3.54.r1O-
Z 

(Density)] _ 0.04 (5) 
(Offset)o .• 

where 

Acc/MijYr = number of predicted utility pole accidents per mile per year 

ADT 

Density 

Offset 

Slep #5: 

= 

= 

= 

annual average daily traffic volume 

number of utility poles per mile within 30 ft of the roadway 

average lateral offset of the utility poles (ft) from the roadway 
edge on the section 

The "Accident Reduction Factor (RA)" is calculated by using the nomograph or 

equation for predicting the expected utility pole accidents before and after the utility pole 

countermeasure has been implemented. 

The value of the accident reduction factor (RA) must be between 0.0 and 1.0. 

Examples of various values for RA, are presented as follows: 

Step #6: 

Underground Utility Unes: RA = 1.0 (100% of the utility pole accidents will 
be eliminated.) 

Relocate poles further from roadway: O.O<RA < 1.0 

Reduce the number of poles: 0.0 <RA <1.0 

Install breakaway poles: RA =0.0 (The number of utility pole accidents will 
remain unchanged.) 

The "Roadside Adjustment Factor (HR)" is used to account for the increase in other 

run-off-road, fixed-object accidents that would likely have been utility pole accidents (i.e. 

run-off-road vehicles hit trees that would have been screened by the line of utility poles). 
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For example, when utility poles are removed, the out-of-control vehicles that would have 

had a reported utility pole accident may instead have: (1) no collision at all (the vehicle may 

recover), (2) hit some other fixed object, or (3) roll-over down the sideslope. 

The roadside adjustment factor will vary between 0.0 and 1.0. When HR= 1.0, there 

will be no increase in "other" run-off-road, fixed object accidents, since the road is level and 

absent of other fixed-objects. When HR is approximately equal to 0.0, it indicates a 

hazardous roadside where only a small net reduction in total run-off-road accidents will 

occur. 

The roadside adjustment factor is computed based upon predominant roadside slope, 

area type, pole offset, roadside coverage factor, and other factors. This factor was necessary 

because the hazard index model developed by Glennon (1l) was found to overestimate the 

fatal and injury run-oft-road accident rate by a factor ranging between 2 to 8, depending on 

the magnitude of the sideslopes and the coverage of fIxed objects QJ). 

The roadside adjustment factor is quite complex and involves computing the 

probability of run-off-road accidents and utility pole accidents before and after a 

countermeasure has been implemented. Zegeer and Parker developed a procedure which 

uses combinations of 16 equations as the basis of the calculations, depending on specific 

roadside conditions. The formulation of the roadside adjustment factor using the 16 

equations is included in Appendix H. 

Step #7: 

This step involves computing the number of accidents reduced per mile per year 

(~A) and is given by Equation 6. 
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(6) 

where 

"A = The net number of utility pole accidents reduced per mile per year, 

A.B = accident reduction factor, 

R .. - roadside adjustment factor, and 

L = section length in miles. 

Step #8: 

The average cost per utility pole accident (CA ) was calculated using the methodology 

presented by Zegeer and Parker 02). Table 8 shows a summary of injuries by accident 

severity for utility pole accidents from an analysis of 9,583 utility pole accidents. The 

formula for figuring (CA) is given by Equation 7: 

= 
+ 
+ 
+ 

(% PD~ ace.) x (Cost/PDO Ace.) 
( % Injury ace.) x (Cost/injury) x (Injuries/injury ace.) 
(% Fatal ace.) x (Cost!fataliry) x (Fatalities!fatal ace.) 
(% Fatal ace.) x (Cost/injury) x (Injuries!fatal ace.) 

(7) 

The motor vehicle accident costs were obtained from the FHW A Technical Advisory 

from June, 1988 (M). The costs per incident are given as follows: 

Cost/fatality = Sl ,500,OOO 

Cost/injury = Sll,OOO 

Cost/PD~ S3,OOO 
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TABLE 8 

Summary of Injuries by Accident Severity for Utility Pole Accidents 

Number of Number of Persons Persons 
Accident Number of Percent Persons Persons Injured Pcr Killed Pcr 
Severity Accidents Accidents Injured Killed Accident Accident 

PDQ 
Accidents 5,050 52.70 0 0 0 0 

Injury 
Accidents 4,434 46.27 . 5,796 0 131 0 

Fatal 
Accidents 99 1.03 69 101 0.70 1.08 

Total 9,583 100.00 5,865 101 0.61 0,01 

From the values given in Table 8 and the costs per incident, the value for (CA) was 

calculated as follows: 

CA = 
+ 
+ 
+ 
= 
= 

Step #9: 

(0.5270) X ($3,000) 
(0.4627) X ($11,000) x (1.31) 
(0.0103) x ($1,500,000) x (1.08) 
(0.0103) x (11,000) x (0.7) 
$1,581.00 + $6,667.51 + $16,686.00 + $79.31 
$25,013.82 per utility pole accident. 

This step calculates the accident benefits due to a reduction in accident occurrence 

(B A)' This step is performed for the following types of countermeasures: undergrounding, 

pole relocation, multiple pole use, or increasing pole spacing. For tbe breakaway pole 

countermeasure, skip to step '" lOB. 

Equation 8 sbows bow the value of (B A) is determined: 

where 

(8) 

B A = accident benefits per year based upon a net reduction in accident 
occurrence, 
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M = net reduction in accidents, and 

C A = average cost per utility pole accident. 

Step #10: 

This step calculates the accident benefits due to a reduction in accident severity (B s). 

For the countermeasures of undergrounding, increasing lateral pole offset, multiple pole use, 

or increasing pole spacing go to step #lOA For the case of installing breakaway poles, go 

to step # lOB. 

Step #IOA: 

When HR is less than 1.0, a portion of the utility pole accidents eliminated will be 

converted to other run-off-road accidents after the countermeasure installation. However, 

Zegeer and Parker found that, since the severity of utility pole accidents is generally greater 

than the severity of other run-off-road accidents, (except for roll-over accidents), benefits 

due to a reduction in accident severity could be expected QZ). If HR = 1.0, there would be 

no increase in run-off-road accidents, and Bs would be equal to 0.0. 

Depending on the area type (rural or urban), the posted speed limit, and the 

predominate types of other fixed objects, Zegeer and Cynecki stated there was 

approximately a 40% expected reduction in accident severity for non-utility pole run-off-road 

accidents (18). This occurs in urban areas where posted speeds are less than 45 mph. From 

the accident analysis performed by both Jones and Baum (2) and also by Zegeer and Parker 

(ll), the accident severities for utility pole and run-off-road accidents were found to be 

473% and approximately 30%, respectively. 
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TABLE 9 

Change in Accident Costs (lie..) due to a Reduction in Accident Severity 

Percent Accidents 
Percent Reduction By Severity Accident 

In Injury Plus Coot (C.J· Reduction In 

Fatal Accidents PDQ I F Accident Coot ("C.J 

0 52.'lU 4627 1.03 S 25,014 S 0 
5 55.06 43.96 0.98 23,938 1,076 

10 57.43 41.64 0.93 22,861 2,153 
15 59.79 39.33 0.88 2~78S 3,229 
20 62.16 37.02 0.82 20,547 4,467 
25 6453 34.'lU O.n 19,469 5,545 
30 66.89 3239 0.72 18,394 6,620 
35 69.25 30.08 0.67 17,318 7,696 
40 71.62 27.76 0.62 16,241 8,m 
45 73.98 25.45 057 15,165 9,849 
SO 76.34 23.14 052 14,089 ]0,925 

• Based on the 1988 FHWA accident costs. 

From Table 9, the difference in cost between utility pole accidents and other 

run-off-road accidents (ileA) was determined to be approximately $8,773 in urban areas with 

speeds less than 45 mph. This was based upon the 1988 FHWA costs. 1n rural areas, where 

speeds are 45 mph or greater, Zegeer and Parker (;2Z) found little evidence to suggest a 

difference in accident severity between utility pole and other fixed-object accidents. 

Example: 40% reduction in 1+ F 

I : 
F: 

PD~: 

= 
= 

(0.4627) - (0.40 X 0.4627) = 0.2776 or 27.76% 
(0.0103) - (0.40 X 0.0103) = 0.0062 or 0.62% 
100% - 28.38% = 71.62% 

(0.7162)($3,000) + (0.2776)($11,000)(1.31) 
(0.0062)($1,500,000)(1.08) + (0.0062)($11,000)(0.7) 
$2,148.60 + $4,000.22 + $10,044.00 + $47.74 
$16,240.56 
$25,014 - $16,241 = $8.773 
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The equation for detennining the benefit due to a reduction in severity (BS> is given 

in Equation 9. 

(9) 

where 

BS = accident benefits due to a reduction in accident severity for utility JX)le 
accidents converted to other run-off-road accidents 

HR = roadside adjustment factor 

AB = number of utility pole accidents per mile per year 

RA. = utility pole accident reduction factor 

"CA = difference in cost between utility pole accidents and other run-off-road 
accidents, and 

L = section length in miles. 

Step #10B: 

This step is only applicable for the use of breakaway poles. When breakaway poles 

are used, there would not be any change in accident frequency (BA.=O.O), but there would 

be an expected reduction in the accident severity. The equation for calculating the benefit 

due to a reduction in accident severity is given as Equation 10. 

(10) 

where 

Bs = accident benefits due to a reduction in accident severity from the use of 
breakaway pole, 

.toeA. = difference in accident cost from the use of breakaway devices, and 

L = section length in miles. 
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Table 10 provides various values for (ACA ) whicb correspond to different levels of 

percent reduction in injury and fatal accidents when using breakaway devices. 

Percent 
Reduction 

In Injury Plus 
Fatal Accidents 

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 

TABLE 10 

Values of Cost Recution (ACA ) due to Reductions in 
Accident Severity from Breakaway Devices 

Percent Injury Average 
Plus Fatal Cost Per 

Accidents Using Utility Pole 
Breakaway Devices Accident (C,t)· 

473 $ 25,014 
44.94 23,938 
42.57 22,861 
40.21 21,785 
37.84 20,547 
35.47 19,469 
33.11 18,394 
30.75 17,318 
2838 16,241 
26.02 15,165 
23.66 14,089 
21.28 12,849 
18.92 l1,m 
16.55 10,696 
14.11 9,620 
11.83 8,544 
9.46 7,467 
7.W 6,229 
4.73 5,153 
236 4,076 
0.00 3,000 

-Based on the 1988 FHW A accident costs. 

Step #11: 

Differences 
In Average 

Accident Cost 
("CA) 

$ 0 
1,076 
2,153 
3,229 
4,467 
5,545 
6,620 
7,696 
8,m 
9,849 

10,925 
12,165 
13,241 
14,318 
15,394 
16,470 
17,547 
18,785 
19,861 
20,938 
22,014 

The total benefits (BT) are now calculated, which are due to tbe reduced number of 

accidents and reduced accident severity. Equation 11 gives the total accident benefit. 

(11) 

where 

BT = total accident benefits per year 
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B If = accident benefits due to reduced accident occurrences per year, and 

Bs = accident benefits due to reduced accident severity per year. 

Step #U: 

The cbange in maintenance costs ( eM) are now calculated on an annual basis over 

the entire section lengtb, as given by Equation 12. 

(U) 

where 

CM = change in maintenance costs per year due to the countermeasure, 

C MB = maintenance costs per mile per year before countermeasure installation, 

C MIt = maintenance costs per mile per year after countermeasure installation, and 

L = section lengtb in miles. 

If the maintenance costs are unknown, a value of SO sbould be used for tbe cbange 

in maintenance costs. 

Step #13: 

The countermeasure installation costs (el ) are now determined. This includes tbe cost 

of removing an old line of poles, purcbasing right-of-way (if applicable), and the 

countermeasure costs of either undergrounding utility lines, increasing lateral pole offset, 

increasing pole spacing, or eliminating one line of poles where two existed. 

If the countermeasure costs are unknown, Zegeer and Parker developed various 

tables for average countermeasure installation costs (W. Their cost information was 

obtained from a survey of 12 telepbone companies in 21 states and 31 electric companies 

in 20 states across the United States in 1981. If available, current installation cost estimates 
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should be used rather than the old cost values given by Zegeer and Parker. It is noted that 

the cost tables developed by Zegeer and Parker do not include the costs of additional 

right-of-way acquisition. 

The average cost information for breakaway utility poles is limited due to only a 

small number of installations currently in the field. For the available cost information, see 

the literature review on breakaway utility poles in Appendix I. 

The installation costs should be given in dollars per year. A conversion must take 

place, because the costs are typically given as either cost per mile (CL ), cost per pole (Cp) , 

or lump a sum cost (Cs). Equations 13, 14, and 15 are used to convert the following costs 

to an equivalent uniform annual cost. 

where 

C, • (CJx(CRF;n)x(L) 

C, • (Cp)X(PL)X(CRF;n)X(L) 

C, • (Cs) X (CRF;n) 

(13) 

(14) 

(15) 

C1 = initial construction costs amortized over the entire project period (n years), 

CL = initial construction costs per mile, 

CRFn = capital recovery factor at an interest rate i over the project life of n years, 

L = section length in miles, 

C p = initial construction costs per utility pole, 

P L = number of utility pole per mile, and 

Cs = total initial construction cost. 
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The capital recovery factor is used to determine the amount of each future annuity 

payment required to accumulate a given present value when the interest rate and number 

of payments are known. It is also known as (A/p,io/o,n) and given as Equation 16. 

. ~i(c=:1 +;:,'iL"_ CRF'n = -: 
(l+i)" -1 

(16) 

Step #14: 

The total costs (Cr) are now calculated, which are due to the change in annual 

maintenance cost arid the equivalent uniform annual construction cost. Equation 17 gives 

the total costs. 

(17) 

where 

Cr = total project cost amortized over the project life, 

eM = change in maintenance costs per year due to the countermeasure, and 

C] = initial construction costs amortized over the entire project period. 

Step #15: 

The benefit-to-cost ratio (B/C) for the countermeasure is the total benefits divided 

by the total costs, as shown in Equation 18. 

B Br 
=- (18) 

where 

BIC= benefit-to-cost ratio for the countermeasure, 

BT = total accident benefits, and 
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CT = total countermeasure costs. 

Slep #16: 

Once various countermeasures have been evaluated on the benefit-to-cost ratio basis. 

a decision must be made whether or not implementation of a specific project is feasible. If 

only one countermeasure is performed, usually a benefit-to-cost ratio greater than or equal 

to 1.0 is acceptable. If more than one countermeasure is evaluated, a type of analysis which 

will compare the countermeasures must be performed. 

A method for performing this comparison is the incremental benefit-to-cost ratio 

procedure (aB/ aC). as shown on form D in Appendix F. The incremental benefit-ta-cost 

ratio method is used to select countermeasures based on whether extra increments of 

expenditures (i.e., underground lines as opposed to pole relocation) are justified for a 

particular location. It also could be used for considering improvements at two or more 

locations when evaluating what projects should be funded. The method assumes that the 

relative merit of a project is measured by its increased benefits (compared to the next lower 

cost alternative) divided by its increased costs (compared to the next lower cost alternative). 

To perform the incremental benefit-to-cost ratio. first eliminate the alternatives which 

have B/C ratios less than or equal to 1.0 or some other minimum value. Next, rank the 

remaining projects in the order from lowest cost to highest cost (CT). as shown in Table 11. 
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TABLE 11 

Incremental Benefit-ta-Cost Ratio (tJ3/AC) Procedure 

Alternative 
Ranlcing 

l' 
2 
3 
4 
l' 

• Lowest Cost 
b Highest Cost 

Tot,] Tot,] 
Benefits Costs 

(BT) (eT) 

B, e, 
B, e, 
B, e, 
B, e, 
B j ej 

Incremental Incremental Incremental 
Change in Change in Comparison Benefit-to-Cost 
Benefits Costs Ratio (/lB / /J.C) 

(/lB) (<1C) 

-- - -- --
BrBJ Cz· C1 2-1 (B, - B,) / (e, - e,) 
BJ·Bz CrCz 3-2 (Br B,) / (er e,) 
BrB, C,f- C, 4-3 (B, - B,) / (er e,) 
B.,.-B4 C.,.- C,f 5-4 (B j - B.J / (es- e.J 

Starting with alternative 112 (second lowest cost - CT), compare the incremental cost 

(C2 - C,) with the incremental benefits (B2 - B,). If the incremental benefits (B2 - B,) are 

greater than the incremental costs (C2 - Cl ) or tJ3/AC is greater than 1.0, then alternative 

112 is justified, and alternative 111 should be eliminated from consideration. If the 

incremental bonefits (B,- Bl ) are less than the incremental costs (C2 - Cl ) or tJ3/AC is less 

than 1.0, then alternative 111 is justified, and alternative 112 should be elintinated from 

consideration. The justified alternative, from either 111 or 112, should be compared to 

alternative #3 by incremental benefit to incremental cost. The procedure is complete when 

only one alternative remains. 

Step #17: 

Once an optimal countermeasure has been selected by an incremental benefit-ta-cost 

ratio analysis, the agency must determine whether available funding can be provided to 

implement the project. If sufficient funds are not available or other contraints prohibit tbe 

implementation of the project, then, the next highest rated countermeasure must be selected 

and evaluated for available funding. 
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Step #18: 

The project details for the selected countermeasure should be documented for future 

reference. 

6.2.2 Computer Method 

The cost-effectiveness methodology has also been adapted for the use of computers. 

The original version of "UP ACE" or Utility Pole Accident Countermeasure Evaluation 

computer program was developed on a Amdahl 470/V8 computer system, and a version was 

developed for use on a microcomputer operating under the UCSD P-System. Since most 

highway engineers have access to an ffiM-PC or mM-compatible microcomputer, a version 

of "UP ACE" was converted to be run under a DOS operating system. 

Since "UP ACE" requires a great deal of data input, a user-friendly input processor, 

known as "UP ACEI", was developed to assist the user in creating or modifying data sets. 

The data required by "UP ACE" may be grouped into six categories which correspond 

to the first six selections of the data file creation or modification menus in "UPACEI". The 

six categories of data are listed as follows: 

1. roadway section data 

2. utility pole data 

3. traffic data 

4. accident/severity data 

5. economic analysis data 

6. countermeasure data 
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The "UPACE" computer program is set up to have Ibe user enter or modify Ibe input 

data in groups of similar items arranged on a series of screens. Once "UP ACE!" is exited, 

Ibe data is stored and can be run with Ibe "UP ACE" program. The program performs six 

basic steps which are detailed in Ibe flowchart in Figure 2. 

1. Read and check input data. 

2. Estimate future traffic rates. 

3. Predict future accidents and Ibeir severity, if no improvements are made. 

4. Analyze each alternative countermeasure, determining the benefits and costs of 

the improvements. 

5. Compare tbe alternative countermeasures analyzed. 

6. Generate output reports. 
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Compare Generate 
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FIGURE 2 . FLOWCHART OF THE UPACE COMPUTER PROGRAM. 
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7 "UPACE"F1EW SITE DESCRIPTIONS 

Cost-effectiveness analyses were performed on seven field sites in Omaha, Lincoln, 

and Wayne, NebIaSka. The sites were selected by the Nebraska Department of Roads and 

involved either utility or light poles. The use of these "real-world" sites validated the 

computer study and also gave researchers a real feel for the problems confronting designers. 

Although construction drawings were available for the field sites, it was felt that the best 

way to understand the required computer inputs was to visit each location. The seven field 

sites are discussed below. 

7.1 Site #1: East ·O·St. 

Site #1 was an area of approximately 13,200 ft (2.5 mi.) along "0" St. from 27th St. 

to 63rd St., in Lincoln, Nebraska. The street is classified as a municipal state highway in the 

Nebraska classification system; the roadway is known as Highway US 34, which is a two-way, 

four-lane, curbed section. The posted speed limit was 40 mph. 

The project at this site involved removing and relocating the existing luminaires or 

light poles from an average lateral offset of 2.25 ft to the current standard of 6 ft . The actual 

measured average lateral offset of the luminaires was found to be approximately 7.57 ft. The 

number of poles was reduced from 167 poles to 103 poles. After completion of the project, 

field visits determined that approximately 70 poles were now in clear areas which could be 

impacted; other light poles had been relocated behind other fixed objects such as walls, 

trees, fences, etc., as shown in Figure 3. The luminaires or light poles were located on both 

sides of the roadway. 
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Photographs of the roadway section after the implementation of the project are 

shown in Figures 3,4, and 5. Evidently, the light poles had an average lateral offset greater 

than 6 ft because they were placed at the outside edge of the sidewalk. 

The actual costs of the project were as follows: 

Construction Costs: $470,682,14 

Total: $625,882.62 

The actual accident experience before the implementation of the project for the 

existing light poles was 20 accidents over a period of 2.38 years or 8.40 accidents per year. 

The accident severity was 11 PD~'s (55%), 9 injury accidents (45%), and 0 fatal accidents 

(0%) over the period from January 1,1984 to May 16,1986. 

The actual accident experience after the implementation of the project for the 

relocated light poles was 4 accidents over a period of 1.64 years or 2.44 accidents per year. 

The accident severity was I PD~ (25%), 3 injury accidents (75%), and 0 fatal accidents 

(0%) over the period May 13,1987 to December 31,1988. 

The ADT before the project began was found to be approximately 30,035 (1982). The 

current average ADT over the entire section length was approximately 35,622; this is an 

average annual traffic growth of approximately 2.5%. The roadside coverage factor of the 

fixed objects was found to be approximately 60.5% with an average lateral offset of 10.12 

ft (Appendix 1). 

In performing the field work for the fixed object analysis, many situations were 

encountered which were not addressed in the guidelines for determining the roadside 

coverage factor. As evident in the lower photograph in Figure 5, vehicles may be located 

adjacent to the roadway in a shopping mall parking lot. Since these vehicles were not 
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FIGURE 3. PHOTOGRAPHS Of THE "0" ST. SAFETY IMPROVEMENT 
PROJECT. 
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FIGURE 4. PHOTOGRAPHS OF THE "0" ST. SAFETY IMPROVEMENT 
PROJECT. 
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FIGURE 5. PHOTOGRAPHS OF THE "0" ST. SAFETY IMPROVEMENT 
P,ROJECT. 
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present 24 hours a day, an estimate of50% of the obstructed length was used to account for 

the partial obstruction time. Auto dealers' lots were treated as if they were a continuous 

wall along the roadway section (see Figure 3). 

7.2 Site 112: West 7th St. 

Site 112 was located in the city of Wayne, Nebraska, along 7th St. from Sherman St. 

to Main SI., a length of approximately 2,000 ft (0.38 mi.). The street is classified as a 

municipal state highway in the Nebraska. classification system; the roadway is known as 

Highway N 35, which is a two-way, two-lane, curbed section. At the time of the study, the 

posted speed limit was 30 mph. 

The project implemented along this roadway section relocated the existing luminaires 

and utility poles from an average lateral offset of 2.44 ft to the current standard of 6 ft. The 

actual measured average lateral offset of the poles was found to be approximately 9.67 ft . 

Nine poles located on one side of the roadway section were relocated. Photographs of the 

roadway section after the implementation of the project are shown in Figure 6. 

The actual costs of the relocation project were as follows: 

Construction Costs: 

Total: 

$5,299,12 

$5,299.12 

The actual accident experience revealed that only a small number of PD~ accidents 

occurred along the roadway section between the period of June 1, 1979 to May 31, 1984. 

The ADT before the project began was approximately 5,480 (1982); the average annual 

traffic growth was reported to be 2 %. The roadside coverage factor of the fixed objects was 

found to be approximately 59.3% with an average latera1 offset of 9.39 ft (Appendix 1). 
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FIGURE 6. PHOTOGRAPHS OF THE WEST 7TH ST. SAFETY 
IMPROVEMENT PROJECT. 
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7.3 Site #3: East 7th St. 

Site #3 was located in Wayne, Nebraska along 7th St. from Nebraska 51. to Walnut 

St.,a length of approximately 1,400 ft (0.28 mi.). The street is classified as a municipal state 

highway in the Nebraska classification system. The roadway is known as Highway N 35, 

which is a two-way, two-lane, curbed section. The posted speed limit at the time of the study 

was 30 mph. 

The project implemented along this roadway section relocated the existing the 

existing luminaires and utility poles from an average lateral offset of 3.00 ft to the current 

standard of 6 ft. The actual measured average lateral offset of the poles was found to be 

approximately 10.25 ft. A total of 9 poles, located on both sides of the roadway, were 

relocated. Photographs of the roadway section after the implementation of the project are 

shown in Figure 7. The actual costs of the relocation project were as follows: 

Construction Costs: 

Total: 

53,372,10 

$3,372.10 

The actual accident experience revealed that only a small number of PD~ accidents 

occurred along the roadway section between the period of June I, 1979 to May 31, 1984. 

The ADT before the project began was found to be approximately 5,480 which was in 1982. 

The average annual traffic growth was reported to be 2 %. The roadside coverage factor of 

the fixed objects was found to be approximately 58.0% with an average lateral offset of 8.91 

ft (Appendix 1). 
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FIGURE 7. PHOTOGRAPHS OF THE EAST 7TH ST. SAFETY 
IMPROVEMENT PROJECT. 

8? 



7.4 Site #4: Florence Blvd. 

Site #4 was located in the city of Omaha, Nebraska, along Florence Blvd. from 

Cuming St. to Lake St., a length of approximately 4,900 ft (0.93 mi.). The street is classified 

as a municipal street in the Nebraska classification system; the roadway is a one-way, 

three-lane, curbed section, which also has one shoulder lane. The posted speed limit at the 

time of the study was 35 mph. 

The project implemented along this roadway section removed and relocated the 

existing luminaires or light poles from an average of 3.39 ft to the current standard of 6 ft. 

The actual measured average lateral offset was found to be approximately 8.25 ft. The 

number of poles was increased from 49 poles to 59 poles. The luminaires or light poles were 

located on both sides of the roadway. 

Photographs of the roadway section after the implementation of the project are 

shown in Figures 8 and 9. It was evident that the reason the light poles had an average 

lateral offset greater than 6 ft was due to the light poles being placed at the outside edge 

of the sidewalk. 

The estimated relocation costs of the project were as follows: 

Instal1ation Costs: 

Removal Costs: 

Total: 

$47,200 

$15,925 

$63,125 

(59 x $8(0) 

(49 x $325) 

Data on accident experience before the implementation of the project was limited; 

accident data are kept for only the last five year period on the computer system in the City 

of Omaha. Thus, only a small sample period was available for analysis. The analysis revealed 

no street light pole accidents during the period January 1,1984 to April 8,1985. 
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FIGURE 8. PHOTOGRAPHS OF THE FLORENCE BLVD. 
SAFETY IMPROVEMENT PROJECT. 
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FIGURE 9. PHOTOGRAPHS OF THE FLORENCE BLVD. 
SAFETY IMPROVEMENT PROJE CT. 
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The actual accident experience after the implementation of the project for the 

relocated light poles was one accident over a period of 3.64 years or 0.27 accident per year. 

This occurred from June 6, 1986 to January 24, 1990. 

The ADT before the project began was found to be approximately 4,800 (1984). The 

1988 average ADT over the entire section length was approximately 2,900 due to the 

opening of another roadway. The expected average annual traffic growth after 1988 was 2%. 

The roadside coverage factor of the fixed objects for the "before" site conditions was 

found to be approximately 55.6% with an average lateral offset of 1I.53ft (Appendix 1). The 

roadside coverage factor of the fixed objects for the "after" site conditions was found to be 

approximately 57.3% with an average lateral offset of 12.22 ft (Appendix 1). 

7.5 Site IS: 36th St. 

Site #5 was located in the city of Omaha, Nebraska along 36th SI. from Edward 

Babe Gomez SI. to "R" St., a length of approximately 2,200 ft (0.42 mi.). The street is classi­

fied as a municipal street in the Nebraska classification system. The roadway is a two-way, 

tw<>-lane, curbed section, with a center tum-lane. The posted speed limit was 30 mph. 

The project which was implemented along this roadway section involved the removal 

and relocation of the existing luminaires or light supports, and removal of the utility poles 

from an average of 3.25 ft to the current standard of 6 ft. The utility lines were buried. The 

actual measured average lateral offset was found to be approximately 9.31 ft. The number 

of poles was reduced from 20 to 13 poles. Before the project, the luminaires or light poles 

were located on both sides of the roadway; the luminaires are now located on one side of 

the roadway. 
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Photographs of the roadway section after the implementation of the project are 

shown in Figures 10 and 11. From the photographs it can be seen that the reason the light 

poles have an average lateral offset greater than 6 ft is due to their being placed at the 

outside edge of the sidewalk. 

The estimated relocation costs of the project were as follows: 

Construction Costs: 

Total: 

$231.000 (275,000 per half mile) 

$231,000 

The actual accident experience after the implementation of the project for the 

relocated light poles was 0 accidents over a period of 4.23 years or 0 accidents per year. This 

occurred from November 1, 1985 to January 24, 1990. 

The ADT before the project began was approximately 7,200 in 1985. The 1988 

average ADT over the entire section length was found to be approximately 10,900. This 

expected average annual traffic growth after 1988 was 2%. 

The roadside coverage factor of the fixed objects for the "before" site conditions was 

found to be approximately 63.0% with an average lateral offset of 1l.56ft (Appendix J). The 

roadside coverage factor of the fixed objects for the "after" site conditions was found to be 

approximately 56.0% with an average lateral offset of 15.04 ft (Appendix J). 
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FIGURE 10 . PHOTOGRAPHS OF THE 36th ST . SAFETY 
IMPROVEMENT PROJECT . 
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FIGURE 11. PHOTOGRAPHS OF THE 36th ST. SAFETY 
IMPROVEMENT PROJECT. 
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7.6 Site /16: West ·o·St. (to 211 +00) 

Site #6 was located in the city of Lincoln, Nebraska, along West ·0· St. from Capitol 

Beach Blvd. to Station 211 +00, a distance of approximately 3,400 ft (0.64 mi.). The street 

is also classified as a municipal state highway in the Nebraska classification system. The 

roadway is known as Highway US 6, which is currently a two-way, four-lane, non-curbed 

section. The posted speed limit was 40 mph. 

The project which is to be implemented at this site will remove and relocate the 

existing luminaires or light supports from an average lateral offset of 8.00 ft to some future 

offset which is greater than or equal to the current standard of 6 ft for curbed sections. The 

current field conditions revealed that the luminaire's average lateral offset from the edge 

of the traveled way was composed of 3 ft to 3.5 ft of shoulder and 4.5 ft to 5 ft of additional 

offset beyond the shoulder. The actual measured average lateral offset of the luminaires was 

calculated from the proposed project plans as 8.82 ft. The number of poles will be redueed 

from 34 poles to 22 poles. The luminaires or light poles are currently located on both sides 

of the roadway. 

Photographs of the roadway section before the implementation of the project are 

shown in Figures 12 and 13. The projected costs of improVed and/or new roadway lighting 

are as follows: 

Installation Costs: 

Installation Costs: 

Removal Costs: 

Total: 

$16,000 (20 x $800) 

$ 3,200 (2 x $1,600 est.) arm pole 

$11,050 

$30,250 
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FIGURE 12. PHOTOGRAPHS OF THE WEST ·0· ST. 
SAFETY IMPROVEMENT PROJECT. 
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FIGURE 13. PHOTOGRAPHS OF THE WEST "0" ST. 
SAFETY IMPROVEMENT PROJECT. 
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The actual accident experience before the implementation of the project for the 

existing light poles was 5 accidents over a period of 8.33 years or 0.60 accidents per year. 

The accident severity was 4 POO's (80%), 1 injury accident (20%), and 0 fatal accidents 

(0%) from January 1,1982 to April 30,1990. The ADT before the project began was found 

to be 22,900in 1989. The expected average annual IIaffic growth rate was 3%. The roadside 

coverage factor of the fixed objects for the "before" site conditions was found to be 

approximately 17.5 % with an average lateral offset of 12.36 ft (Appendix 1). 

7.7 Site tn: West ·O·St. (to 241+00) 

Site #7 was located in the city of Lincoln, Nebraska, along West "0" St. from Station 

211 +00 to Station 241 +00 (N. 3rd St.), a distance of approximately 3,OOOft (0.57 mi.). The 

street is also classified as a municipal state highway in the Nebraska classification system. 

The roadway is known as Highway US 6, which is currently a two-way, four-lane, 

curbed-section. The posted speed limit was 40 mph. 

The project which will be implemented at this site will remove and relocate the 

existing luminaires or light supports from an average lateral offset of 7.52 ft to some future 

offset which is greater than or equal to the current standard of 6 ft for curbed sections. The 

actual measured average lateral offset of the luminalres was calculated from the project 

plans to be 9.32 ft. The number of poles will be reduced from 23 to 22 poles, including 2 

obstructed poles for both the "before" and "after" site conditions. The luminaires or light 

poles are currently located on both sides of the roadway. 

Photographs of the roadway section before the implementation of the project are 

shown in Figure 14. The projected costs of the improved andlor new lighting are as follows: 
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FIGURE \4. PHOTOGRAPHS OF THE WEST ·0· ST. 
SAFETY IMPROVEMENT PROJECT. 
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InstaJlation Costs: 

InstaJlation Costs: 

Removal Costs: 

Total: 

$13,600 (17 x $8(0) 

$ 8,000 (5 x $1,600) arm pole 

S 5,200 (16 x $325) 

$26,800 

The ADT in 1989 was 25,800; the expecled average annual traffic growth rate was 

3%. The roadside coverage factor of the fixed objects for the "before" site conditions was 

approximately 21.7% with an average latera1 offset of 5.54 ft (Appendix 1). 
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8 'UPACE'SITE ANALYSES 

The seven previously described roadway sections were analyzed using the "UPACE" 

computer model 08.20\. The benefit-to-cost ratio analyses were performed with the 

site-specific roadway section data for each of the seven field locations. The analysis for each 

site involved varying the lateral offset of the poles in order to evaluate the minimum 

acceptable lateral obstacle offset from the cost-effectiveness or benefit-to-cost ratio 

standpoint. 

8.1 Site #1: East ·O·St. 

The site-specific computer inputs for the computer model are as follows: 

Roadway Width: 
Speed Limit: 
Roadway Cross-Section: 
Area Type: 
Roadside Coverage Factor: 
Average Fixed Object Offset: 
Pole Offset (before): 
Pole Offset (after): 
Pole Configuration: 
Number of Poles: 

Pole Type: 
Base Year ADT: 
Traffic Growth: 
Actual Accident Experience: 
Project Cost: 
Project Life: 
lnterest Rate: 

48 ft 
40 mph 
Two-Way, Four-Lanes, Curbed 
Urban 
60.5% 
10.12 ft 
2.25 ft 
7.57 ft 
Both Sides 
167 (before) 
103 (after) 
70 (able to be impacted) 
Metal 
30,035 
2.5% 
8.40 accidents per year 
$625,882.62 
15 years 
10% 

The actual accident data experience revealed that there were 8.4Oaccidents per year 

along the roadway section. Tbe accident predictive model estimated that there would be 

approximately 8.63 accidents per year. The actual accident data experience after 
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implementation of the project revealed that there were 2.44 accidents per year. The accident 

predictive model suggested that there would be approximately 2.73 accidents per year at the 

8 ft finallateraJ pole offset. Thus, the accident predictive model performed reasonably well . 

The first step of the analysis of Site #1 was to run the scenario which was 

implemented in the field, involving the reduction of light poles and the relocation of the 

light poles from approximately 2 ft to 8 ft. The initial computer analysis also included runs 

varying the increase of the latera1 offset to the final positions of 3 ft through 10 ft in I ft 

increments. The computer analysis was perfonned for both the actual accident data and 

accident predictive model developed by Zegeer and Parker QZ.l . The analysis showed a 

close correlation between actual and predictive accident data: 

Distance of Light Benefit-To-Cost Ratio 
Poles from Curb 

Accident Data 
Before After Actual Predictive 
2ft 3ft 0.736 0.756 
2ft 4ft 0.926 0.951 
2ft 5ft 1.059 1.088 
2ft 6ft 1.158 1.189 
2ft 7ft 1.239 1.273 
2ft 8 ft" 1.304" 1.340" 
2ft 9ft 1.360 1.397 
2ft 10ft 1.406 1.444 

" - actual case performed in field 

These henefit-to-cost ratios indicate that it would have been cost-effective to relocate 

the luminaires to a minimum 5 ft lateral offset from the curb, as shown in Figure IS. The 

current standards for lateral offset for this situation are a minimum of 6 ft from the curb. 

The actual field installation was located at an average lateral offset of 8 ft because of the 

existence of a sidewalk. 
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SITE #1 ($625,882.62). 



The benefit-!o-cost ratios plotted in Figure 15 increase at a decreasing rate and begin 

to level off at a final lateral offset of 10 ft and greater. Thus, there would be no significant 

increase in beoefit for any additional increase in the latera1 offset beyond 10 ft; in addition, 

it should also be noted that the benefit-to-cost ratio analysis did not provide for the 

purchase of additional right-of-way which would further increase project costs. 

The benefit-!o-cost ratio analysis also considered the reduction in luminaires and the 

number of relocated luminaires which were unobstructed (able to be struck). The average 

cost per luminaire relocation could not be easily calculated from the total project cost of 

$625,882.62because other construction work was performed along the sidewalks and under 

the streets (for example, concrete replacement and removal, jacking of conduit under streets, 

traffic signal modifications, temporary traffic signing and control, etc.). Usually only the 

relocation of poles is necessary. The cost of relocation of metal light poles ranges from $500 

to $800 per pole, and the cost for removing light poles is approximately $325. If the Site # I 

project had consisted of removing and relocating light poles the estimated cost would have 

been approximately $103,000. The computer analysis was performed using this estimated 

cost figure for both the actual accident data and the accident predictive model; it was 

evident that a good comparison resulted. 
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The results of this analysis showed the following: 

Distance of Light 
Poles From Curb 

Before 
2ft 
2ft 
2ft 
2ft 
2ft 
2ft 
2ft 
2ft 

After 
3ft 
4ft 
5ft 
6ft 
7ft 
8 ft* 
9ft 
10ft 

* - actual case performed in field 

Benefit-To-Cost Ratio 

Accident Data 
Actual Predictive 
4.473 4.594 
5.628 5.781 
6.437 6.612 
7.037 7.228 
7.531 7.736 
7.927* 8.142* 
8.264 8.488 
.. 541 8.773 

These benefit-to-cost ratios indicate that anyone of the relocation countermeasures 

would have been cost-effective. Under these circumstances, it would be difficult to evaluate 

the current lateral obstacle clearance policies since all of the benefit-to-cost ratios are 

greater than 1.0, as shown in Figure 16. 

The results plotted in Figure 16 show that the benefit-to-cost ratios increased at a 

decreasing rate, indicating that at some point the increase in benefit would be negligible for 

any increase in the final lateral offset position. This occurred at a distance of 10 ft and 

greater. It should also be noted that the benefit-to-cost ratio analysis did not provide for the 

purchase of additional right-of-way, which would further increase project costs. 

The pole density was 41.2 poles per mile based on 103 luminaires, and 28.4 poles per 

mile based upon 70 unobstructed luminaires. The calculations were based on actual field 

measurements. If additional computer runs would be needed at various ADT's, the 

predictive model would be able to properly estimate the new expected accidents for the 

various ADT's. 
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8.2 Site 112: West 7tb St. 

The site-specific computer inputs for the computer model are as follows: 

Roadway Width: 
Speed Limit: 
Roadway Cross-Section: 
Area Type: 
Roadside Coverage Factor: 
Average Fixed Object Offset: 
Pole Offset (before): 
Pole Offset (after): 
Pole Configuration: 
Number of Poles: 

Pole Type: 
Base Year ADT: 
Traffic Growth: 
Actual Accident Experience: 
Project Cost: 
Project Life: 
Interest Rate: 

30ft 
30 mph 
Two-Way, Two-Lanes, Curbed 
Urban 
59.3% 
9.39 ft 
2.44 ft 
9.67 ft 
One Side 
9 (before) 
9 (after) 
Wood 
5,480 
2.0% 
Minimal (Use Predictive Model) 
$5,299.12 
20 years 
8% 

The first step of the analysis of Site 112 was to run the scenario which was 

implemented in the field involving the relocation of both utility and light poles from 

approximately 2 ft to 10 ft. The initial computer analysis also included runs varying the 

increase of the lateral offset to the final positions of 3 ft through 10 ft in I ft increments. 

The computer analysis was performed using the accident predictive model developed by 

Zegeer and Parker QZ). 

Only a few PDQ accidents had occurred before the project was implemented, raising 

the question of whether the pole relocations were necessary from a safety point of view. 
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The results of the analysis revealed the following: 

Distance of Poles Benefit-To-Cost Ratio 
From Curb 

Accident Data 
Before After Predictive 
2ft 3ft 2.605 
2ft 4ft 4.623 
2ft 5ft 5.961 
2ft 6ft 6.907 
2ft 7ft 7.649 
2ft 8ft 8.226 
2ft 9ft 8.699 
2ft 10 fto 8.7640 

.. - actual case perfonned in field 

From the benefit-to-cost ratios presented above, it is evident that a relocation of the 

utility and light poles would have been very effective with respect to the costs required to 

complete the project. All of the relocation countenneasures had benefit-to-cost ratios 

greater than 1.0, as shown in Figure 17. Under these circumstances it would be difficult to 

evaluate the current lateral obstacle clearance policies. 

If a situation such as this were to occur (i.e .• all relocation countermeasures produce 

high benefit-to-cost ratios combined with a low actual accident experience), would a 

relocation of any lateral distance be required? It does not seem practical to relocate poles 

from 2 ft to 3 ft even though it would be very cost-effective. Thus, the current pole locations 

may be adequate in this instance; however, if highway construction crews make other 

roadway improvements or modifications at this site in the future, it would seem reasonable 

to move the poles at the that time. 
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The results plotted in Figure 17 show that the benefit-to-cost ratios increased at a 

decreasing rate, indicating that at some point the increase in benefit would be negligible for 

any increase in the final lateral offset position. This occurred at a distance of 10 ft and 

greater. It should also be noted that the benefit-to-cost ratio analysis did not provide for the 

purchase of any additional right-of-way, which would further increase project costs. 

Review of the computer input data for this site suggested that the total project cost 

for relocating the utility and light poles was atypically low, probably because the project was 

located in a small midwestern town where most items could be purchased inexpensively. The 

average cost was S589/pole. The pole density also was very low at only 23.76poles per mile. 

This may explain why all of the benefit-to-cost ratios were greater than 1.0. 

Since the average cost per pole relocation seemed atypically low, a more detailed 

analysis was performed using relocation cost values from two local utility companies. The 

average cost for relocating luminaires and basic distribution power poles in Nebraska was 

found to be approximately $650 and SI,650,respectively. Using these more typical average 

cost values, the estimated cost was calculated at approximately $12,850. The computer 

analysis was then performed using this estimate, with the following results: 

Distance of Poles 
From Curb 

Before After 
2ft 3ft 
2ft 4ft 
2ft 5ft 
2ft 6ft 
2ft 7ft 
2ft 8ft 
2ft 9ft 
2 ft 10 ft* 

* - actual case performed in field 
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Benefit-To-Cost Ratio 

Accident Data 
Predictive 
1.074 
1.906 
2.458 
2.848 
3.154 
3.392 
3.587 
3.614* 



These benefit-tcH:ost ratios indicate that any of the relocation countermeasures would 

have been effective. Under these circumstances, it would be difficult to evaluate the current 

laternl obstacle clearnnce policies since all of the benefit-to-cost Jatios were greater than 1.0, 

as shown in Figure 18. 

The results plotted in Figure 18 show that the benefit-to-cost ratios increased at a 

decreasing rate, indicatiog that at some point the increase in benefit would be negligible for 

any increase in the final laternl offset position. This occurred at a distance of 10 ft and 

greater. It should also be noted that the benefit-to-cost ratio analysis did not provide for the 

purchase of additional right-of-way, which would further increase project costs. 

8.3 Site #3: East 7th St. 

The site-specific computer inputs for the computer model are as follows: 

Roadway Width: 
Speed Limit: 
Roadway Cross-Section: 
Area Type: 
Roadside Coverage Factor: 
Average Fixed Object Offset: 
Pole Offset (before): 
Pole Offset (after): 
Pole Configuration: 
Number of Poles: 

Pole Type: 
Base Year ADT: 
Traffic Growth: 
Actual Accident Experience: 
Project Cost: 
Project Life: 
Interest Rate: 

III 

30 ft 
30 mph 
Two-Way, Two-Lanes, Curbed 
Urban 
58.0% 
8.91 ft 
3.00ft 
10.25 ft 
Both Sides 
9 (before) 
9 (after) 
Wood 
5,480 
2.0% 
Minimal (Use Predictive Model) 
$3,372.10 
20 years 
8% 
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The first step of the analysis of Site #3 was to run the scenario for this project, 

involving the relocation of utility and light poles from approximately 3 ft to lOft. The initial 

analysis also included runs varying the increase of the lateral offset to the final positions of 

4 ft through 10 ft in I ft increments. The computer analysis was performed using the 

accident predictive model developed by Zegeer and Parker (2). 

Only a few PDQ accidents had occurred before the project was implemented, raising 

the question of whether the pole relocations were necessary from a safety point of view. 

The results of the analysis revealed the following: 

Distance of Poles 
From Curb 

Before 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 

After 
4ft 
5ft 
6ft 
7ft 
8ft 
9ft 
10 ft" 

" - actual case performed in field 

Benefit-T<>-Cost Ratio 

Accident Data 
Predictive 
0.955 
2.971 
4.338 
5.473 
6.322 
7.023 
7.241" 

The benefit-to-cost ratios indicate that it would have been cost-effective to relocate 

the utility and light poles to a minimum 5 ft lateral offset from the curb, as shown in 

Figure 19. The results plotted in Figure 19 show that the benefit-to-cost ratios increased at 

a decreasing rate, indicating that at some point the increase in benefit would be negligible 

for any increase in the final lateral offset position. This point occurred at a dlilaJ1ce of 10 

ft and greater. It should also be noted that the benefit-to-cost ratio analysis did not provide 

for the purchase of additional right-of-way which would further increase project costs. 
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With the exception of the first relocation countermeasure at Site #3, the 

benefit-to-cost ntios at Sites 112 and #3 were all greater than 1.0. This first countermeasure 

involved relocating from a distance of 3 ft from the curb to 4 ft. One possible explanation 

for a benefit-to-cost ntio of below 1.0 is that the relocation was only I ft, and the original 

offset was 3 ft nther than 2 ft as in Site 112. 

Review of the computer input data for this site suggested that the total project cost 

for relocating the utility and light poles was atypically lOW, probably because the project was 

located in a small midwestern town where most items could be purchased inexpensively. The 

average cost per pole was $375/pole, and the pole density was very low at only 33 .94 poles 

per mile. These factors may explain why almost all of the benefit-to-cost ntios were 

significantly greater than 1.0. 

Since the average cost per pole relocation seemed atypically low, a more detailed 

analysis was performed using more typical relocation cost values from two local utility 

companies. The avenge cost for relocating luminaires and basic distribution power poles 

in Nebnska was found to be approximately $650 and $1,650, respectively. Using more 

typical avenge cost values, the estimated cost would bave been approximately $11,850. The 

computer analysis was then performed using this estimate, with the following results: 

Distance of Poles 
From Curb 

Before After 
3ft 4ft 
3ft 5ft 
3ft 6ft 
3ft 7ft 
3ft 8ft 
3ft 9ft 
3 ft 10 ft" 

" - actual case performed in field 
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Benefit-To-Cost Ratio 

Accident Data 
Predictive 
0.272 
0.845 
1.234 
1.557 
1.799 
1.998 
2.061" 



These benefit-to-cost ratios indicate that it would have been cost-effective to relocate 

the utility and light poles to a minimum 6 ft lateral offset from the curb, as shown in 

Figure 20. The current standards for lateral offset for this situation are a minimum of 6 ft 

from the curb; the actual field installation was located at an average lateral offset of 10 ft. 

The results plotted in Figure 20 show that the benefit-to-cost ratios increased at a 

decreasing rate, indicating that at some point the increase in benefit would become 

negligible for any increase in the final lateral offset position. This point occurred at a 

distance of 10 ft and greater. It should also be noted that the benefit-to-cost ratio analysis 

did not provide for the purchase of additional right-<>f-way which would further increase 

project costs. 
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8.4 Site #4: Florence Blvd. 

The site-specific computer inputs for the computer model are as follows: 

Roadway Width: 
Speed Limit: 
Roadway Cross-Section: 

Area Type: 
Roadside Coverage Factor: 

Average Fixed Object Offset: 

Pole Offset (before): 
Pole Offset (after): 
Pole Configuration: 
Number of Poles: 

Pole Type: 
Base Year ADT: 

Traffic Growth: 
Actual Accident Experience: 
Project Cost: 
Project Life: 
Interest Rate: 

39 ft 
35 mph 
One-Way, Three-Lanes, One Shoulder 
Lane, Curbed 
Urban 
55.6% (before) 
57.3 % (after) 
11.53 ft (before) 
12.22 ft (after) 
3.39ft 
8.25 ft 
Both Sides 
49 (before) 
59 (after) 
Meta! 
4,800 (1984) 
3,000 (1986) 
2,900 (1988) 
2% 
(Use Predictive Model) 
$63,125 
20 years 
8% 

The actual accident experience revealed no accidents before the implementation of 

the project. Ooe reason for this may be the small sampling period avallable in the computer 

system accident records, another may be the lower traffic volume (ADT) carried by the 

roadway. The actual accident experience revealed 0.27 accidents per year after the 

implementation of the project. Because of the inadequate actual accident experience, the 

accident predictive model was used for the analysis. 

The first step of the analysis of Site #4 was to run the scenario which was 

implemented in the field, involving an increase of 20% in the density of light poles and the 

relocation of the light poles from approximately 3 ft to 8 ft. The initial computer analysis 
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also included runs varying the increase of the lateral offset to the final positions of 4 ft 

through 13 ft in I ft increments. The computer analysis was perfonned using the accident 

predictive model developed by Zegeer and Parker (JZ). The results of this analysis revealed 

the following: 

Distance of Light 
Poles From Curb 

Before 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 

After 
4ft 
5ft 
6ft 
7ft 
8 ft' 
9ft 
10ft 
11ft 
12 ft 
13 ft 

, - actual case perfonned in the field 

Benefit-To-Cost Ratio 

Accident Data 
Predictive 
0.016 
0.342 
0.575 
1.158 
1.376' 
1.554 
1.702 
1.829 
1.939 
2.035 

From the benefit-kHX>st ratios presented above, it was evident that it would have 

been cost effective to relocate the luminaires to a minimum 7 ft lateral offset from the curb, 

as shown in Figure 21. The current standards for lateral offset for this situation are a 

minimum of 6 ft from the curb. The actual field installation was located at an average 

lateral offset of 8 ft due to the existence of a sidewalk. 

The benefit-kHX>st ratios plotted in Figure 21 increased at a decreasing rate and 

began to level off at a final lateral offset of 12 ft and greater. This indicates there would be 

no significant increase in benefit for any additional increase in lateral offset beyond 12 ft. 

It should also be noted that the benefit-kHX>st ratio analysis did not provide for the 

purchase of additional right-of-way which would further increase project costs. 
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The estimated relocation and installation costs of the light poles were determined by 

examining the original site survey plans to count the number of poles which were to be 

removed. The number and location of the new light poles was determined from our field 

visit after implementation of the project. Using the costs described above in the Site #1 

analysis, the relocation and installation costs would be approximately $63,125. 

8.5 Site IS: 36th St. 

The site·specific computer inputs for the computer model are as follows: 

Roadway Width: 
Speed Limit: 
Roadway Cross Section: 

Area Type: 
Roadside Coverage Factor: 

Average Fixed Object Offset: 

Pole Offset (before): 
Pole Offset (after): 
Pole Configuration: 

Number of Poles: 

Pole Type: 
Base Year ADT: 
Traffic Growth: 
Actual Accident Experience: 
Project Cost: 
Project Life: 
Interest Rate: 

37 ft 
30 mph 
Two-Way, Two-Lanes, One Center 
Tum-Lane, Curbed 
Uman 
63.0% (before) 
56.0% (after) 
11.56 ft (before) 
15.04 ft (after) 
3.25 ft 
9.31 ft 
Both Sides (before) 
One Side (after) 
20 (before) 
13 (after) 
Metal 
7,200 
2% 
(Use Predictive Model) 
$231,000 
20 years 
8% 

The actual accident experience showed no accidents before the implementation of 

the project. One reason for this may be the small sampling period available in the computer 

system accident records, another may be the lower traffic volume (AD!) carried by the 

roadway. The actual accident experience revealed no accidents after the implementation of 
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the project. Because of the inadequate actual accident experience, the accident predictive 

model was used for the analysis. 

The fust step of the analysis of Site If5 was to run the scenario which was 

implemented in the field, involving a 35'" reduction in the density of light and utility poles 

by undergrounding the utility lines and relocating the light poles from approximately 3 ft to 

13 ft. The initial computer analysis also included runs varying the increase of the lateral 

offset to the final positions of 4 ft through 13 ft in 1 ft increments. The computer analysis 

was performed using the accident predictive model developed by legeer and Parker 02). 

The results of this analysis revealed the following: 

Distance of Poles 
From Curb 

Before 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 

After 
4ft 
5ft 
6ft 
7ft 
8ft 
9 ft· 
10ft 
11ft 
12 ft 
13ft 

• - actual case performed in the field 

Benefit-To-Cost Ratio 

Accident Data 
Predictive 
0.204 
0.249 
0.281 
0.306 
0.326 
0.342' 
0.356 
0.367 
0.377 
0.386 

These benefit-to-cost ratios indicate that it would not have been cost-effective to 

relocate the light poles to any increased lateral offset with the undergrounding of the utility 

lines, as shown in Figure 22. The current standards for lateral offset for this situation are 

a minimum of 6 ft from the curb. The actua1 field installation (new luminaires or light poles) 

was located at an average lateral offset of 9 ft due to the existence of a sidewalk. 
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One reason that these ratios are so low is that there was no severe accident problem 

for which a significant safety benefit could be achieved through the use of cost-effective 

countenneasures. In this specific case, the potential for a safety benefit due to a reduction 

in accidents could not exceed the enormous costs for undergrounding the utility lines. The 

estimated costs for the undergrounding of the utility lines and the installation of the 

luminaires or light poles was approximately $275,000 per half mile or $231,000 for the 0.42 

mile length. 

The second countermeasure which was implemented relocated the utility lines above 

ground and relocated the luminaires or light poles. The estimated costs for this 

countenneasures were approximately $50,000 per half mile or $42,000 for the 0.42 mile 

length. 

The computer analysis was performed using the estimated costs for the relocation-

only countermeasure since it was evident that the benefit-to-cost ratios were more desirable. 

The results of this analysis revealed the following: 

Distance of Poles 
From Curb 

Before 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 
3ft 

After 
4ft 
5ft 
6ft 
7ft 
8ft 
9ft 
10ft 
11ft 
12 ft 
13 ft 
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Benefit-To-Cost Ratio 

Accident Data 
Predictive 
0.490 
0.817 
1.053 
1.233 
1.376 
1.493 
1.591 
1.675 
1.747 
1.810 



These benefit-to-cost ratios indicate that it would have been cost-<offective to relocate 

the luminaires to a minimum 6 ft lateral offset from the curb, as shown in Figure 22. The 

current standards for lateral offset for this situation are a minimum of 6 ft from the curb. 

The benefit-to-cost ratios plotted in Figure 22 increased at a decreasing rate and 

began to level off at a fioal lateral offset of 10 ft and greater, indicating that there would 

be no significant increase in benefit for any additional increase in lateral offset beyond 10 

ft. The incremental increase of benefit was less than 0.10 beyond the 10 ft lateral offset. 

It should also be noted that the benefit-to-cost ratio analysis did not provide for the 

purchase of additional righto()f-way which would further increase project costs. 

Despite the negative benefit-to-cost ratio, the undergrounding option was selected 

for implementation in the field . Mike Daniels of the Omaha Public Power District stated 

in a telephone conversation that three considerations influenced the selection of this option: 

(I) When utility lines are being relocated, there is always concern for the problems 

which may arise in moving the aerial facilities to a new location. Also, buildings often 

are positioned where the newly relocated poles should be relocated. 

(2) Even when utility facilities are located on public righlo()f-way, utility companies must 

seriously consider the wishes of the property owner. Political pressures may lead to 

decisions which are Dot economical from a benefit-to-cost perspective. 

(3) When roadway projects involving utilities are being planned, the underground 

countermeasure of utility lines is always a viable alternative for consideration. 

Despite the higher implementation costs than relocationo()nly options, 

undergrounding does have a higber potential for reducing accidents. 
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8.6 Site 1/6: West ·O·St. (to 211+00) 

The site-specific computer inputs for the computer model are as follows: 

Roadway Width: 
Speed Umil: 
Roadway Cross-Section: 

Area Type: 
Roadside Coverage Factor: 
Average Fixed Object Offset: 
Pole Offset (before): 
Pole Offset (after): 
Pole Configuration: 
Number of Poles: 

Pole Type: 
Base Year ADT: 
Traffic Growth: 
Actual Accident Experience: 
Project Cost: 
Project Life: 
Interest Rate: 

55 ft 
40 mph 
Two-Way, Four-Lanes, Non-Curbed 
(before), Curbed (after) 
Urban 
17.5% 
12.36 ft 
8.00 ft 
8.82 ft 
Both Sides 
34 (before) 
22 (after) 
Metal 
22,900 
3% 
0.60 accidents per year 
$30,250 
20 years 
8% 

The actual accident experience revealed that there were O.60accidents per year along 

the roadway section. The accident predictive model estimated that there would be 

approximately 0.73accidents per year. Thus, the accident predictive model was assumed to 

be an adequate indicator of the accident experience after the project was to be 

implemented. 

The first step of the analysis of Site 16 was to run the scenario which is to be 

implemented in the field, involving a 35 % reduction in the density of light poles and the 

relocation of the light poles from approximately 8 ft to 9 ft. The initial computer analysis 

also included runs varying the increase of the lateral offset from 9 ft to 18 ft in 1 ft 

increments. The computer analysis was performed for both the actual accident data and 

accident predictive model developed by Zq:eer and Parker (32). It was evident that an 
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adequate comparison resulted. The results of this analysis revealed the following: 

Distance of Light 
Poles From Road 

Before+ 
Sft 
Sft 
Sft 
Sft 
Sft 
Sft 
Sft 
Sft 
Sft 
Sft 

After 
9 ft" 
10 ft 
11ft 
12 ft 
13 ft 
14 ft 
15 ft 
16 ft 
17 ft 
IS ft 

+ - measured from edge of driving lane 

Benefit-To-Cost Ratio 

Accident Data 
Actual Predictive 
1.0SS" 0.S9O" 
1.37S 1.127 
1.634 1.337 
I.S70 1.530 
2.054 1.680 
2.217 I.S14 
2.364 1.934 
2.496 2.042 
2.615 2.139 
2.724 2.22S 

" - actual case calculated from proposed project plans 

Benefit-to-cost ratios for the actual accident data indicate that it would have been 

cost-effective to relocate the luminaires to a minimum 9 ft lateral offset from the edge of 

the traveled way, as shown in Figure 23. The current standards for lateral offset for this 

uncurbed, "before" case, situation would vary from 10 ft .to 15 ft, depending on whether the 

roadway was classified as (I) New or Reconstructed Municipal State Highways or (2) 

Resurfacing, Restoration, and Rehabilitation (3R) Projects on Non-Interstate Municipal 

State Highways. 

Since the "after" case situation is proposed to be a curbed section, only lateral offset 

options which were 9 ft greater were evaluated in the computer analysis; however. the 

standards for the curbed "after" case situation require a minimum offset of only 6 ft from 

back of curb or behind the sidewalk, if applicable. 
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Since the poles at Site #6 were already located 8 ft from · the edge of the traveled 

way, it did not seem reasonable to run the computer model for an lateral offset alternative 

of less than 8 ft (since such an alternative would produce a negative safety benefit). 

The benefit-to-cost ratios plotted in Figure 23 increased at a decreasing rate and 

began to level off at a final lateral offset of 15 ft and greater. However, the benefit-to-cost 

ratios did not level off as rapidly as the previous sites; one major reason for this may be the 

lower-than-average roadside coverage factor (the probability of striking a fixed object 

(obstacle) given that a vehicle runs a specified distance off the road). 

Although the benefit-to-cost ratios were greater than 1.0after a lateral offset of9 ft, 

only a small number of accidents had occurred during the "before" case situation. 

Consequently, it does not seem reasonable to relocate the light poles much farther than the 

present location. It should also be noted that the benefit-to-cost ratio analysis did not 

provide for the purchase of additional right-of-way, which would further increase project 

costs. 

The estimated relocation and installation costs of the light poles were determined by 

examining the original site survey plans to count the number of poles which were to be 

removed. The number and location of the new light poles was determined from our field 

visit after implementation of the project. Using the costs described in the Site #1 analysis, 

the relocation and installation costs would be approximately $30,250. 
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8.7Sile 117: West ·O·SI. (10 241+00) 

The site-specific computer inputs for the computer model are as follows: 

Roadway Width: 
Speed Limit: 
Roadway Cross-Section: 
Area Type: 
Roadside Coverage Factor: 
Average Fixed Objecl Offset: 
Pole Offset (before): 
Pole Offset (after): 
Pole Configuration: 
Number of Poles: 

Pole Type: 
Base Year ADT: 
Traffic Growth: 
Actual Accident Experience: 
Project Cost: 
Project Life: 
lnterest Rate 

64ft 
40 mph 
Two-Way, Four-Lanes, Curbed 
Urban 
21.7% 
554ft 
7.52 ft 
9.32ft 
Both Sides 
21 unobstructed (before) 
20 unobstructed (after) 
Metal 
25,800 
3% 
0.36 accidents per year 
$26,800 
20 years 
8% 

The actual accident experience revealed that there were 0.36accidents per year along 

the roadway section. The accident predictive model estimated that there would be 

approximately O.60accidents per year: Thus, the accident predictive model was assumed to 

be a conservative indicator of the accident experience after the project was to be 

implemented. 

The first step of the analysis of Site #7 was to run the scenano which is to be 

implemented in the field, involving the relocation of the light poles from approximately 8 

ft to 9 ft. The initial computer analysis also included runs varying the lateral offset from 9 

ft to 18 ft in I ft increments. The computer analysis was performed for both the actual 

accident data and accident predictive model developed by Zegeer and Parker (32). It was 

evident that the predictive model would give conservative results. 
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The results of this analysis revealed the following: 

Distance of Light 
Poles From Curl> 

Before 
8ft 
8ft 
8ft 
8ft 
8ft 
8ft 
8ft 
8ft 
8ft 
8ft 

After 
9 fto 
10 ft 
11ft 
12 ft 
13 ft 
14ft 
15 ft 
16 ft 
17 ft 
18 ft 

Benefit-To-Cost Ratio 

Accident Data 
Actual Predictive 
0.221' 0.369' 
0.394 0.658 
0.543 0.908 
0.674 1.127 
0.788 1.317 
0.889 1.486 
0.980 1.638 
1.061 1.773 
1.135 1.896 
1.202 2.008 

• - actual case calculated from proposed project plans 

Benefit-to-cost ratios for the actual accident data indicate that it would have been 

cost."ffective to relocate the luminaires to a 16 ft lateral offset from !lie curb, as shown in 

Figure 24. Although the current standards for lateral offset for this situation are a minimum 

of 6 ft from the curb, the actual field installation was located at an average lateral offset of 

8 ft because of the presence of a sidewalk. 

The computer analysis only evaluates lateral offset options which are 9 ft or greater; 

however, standards for the curbed "after" case situation required a minimum offset of only 

6 ft from hack of curb or behind the sidewalk, if applicable. Since the poles were already 

located 8 ft from the curb, it did not seem reasonable to run the computer model for a 

lateral offset alternative which was less than 8 ft (since such an alternative would produce 

a negative safety benefit). 
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The benefit-to-cost ratios plotted in Figure 24 increased at a decreasing rate and 

began to level off at a final lateral offset of 14 ft and greater. However, the benefit-to-cost 

ratios do not level off as rapidly as the previous sites. One reason they do not may be the 

lower-than-average roadside coverage factor (the probability of striking a fixed object 

(obstacle) given that a vehicle runs a specified distance off the road). 

Although the benefit-to-cost ratios were greater than 1.0 after a lateral offset of 16 

ft, only a small number of accidents occurred during the "before" case situation. 

Consequently, it does not seem reasonable to relocate the light poles much farther than 

their present location. It should also be noted that the benefit-to-cost ratio analysis did not 

provide for the purchase of additional right-<>f-way which would further increase project 

costs. 

The benefit-to-cost ratio analysis also considered the number of relocated luminaires 

which were able to be struck (unobstructed). The estimated relocation and installation costs 

of the light poles was determined from examining the original site survey plans to count the 

number of poles which were to be removed. The number and location of the new light poles 

was determined from our field visit after implementation of the project. Using the costs 

described in the Site #1 analysis, the relocation and installation costs would be 

approximately $26,800. 

8.8 SlImmary and Conclusions of "UPACE"Site Analyses: 

The results of the analyses performed for most of the seven field locations indicate 

that the current standards for curbed sections along new and reconstructed murticipal state 

highways are satisfactory. The 6 ft minimum lateral obstacle clearance was adequate in most 
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of the seven field sites; Sites 114, 116, and 117 are exceptions. The site-specific results are 

presented in Table 12. 

TABLE 12. 

Summary of "UPACE" Site-Specific Analyses 

Field Pole Offset . l.oIenI Minimum. Req. Maximum 
Location Obstacle State Offset Effect. Offset 

Initial (ft) FmaI (ft) SIaDdanI (ft) (ft) 

Site #1 2 8 6 5 
($625,882.62) 

Site #1 ($103,000) 2 8 6 NA 

Site #2 ($5,299.12) 2 10 6 NA 

Site #2 ($12,850) 2 10 6 NA 

Site 113 ($3,372.10) 3 10 6 5 

Site #3 ($11,850) 3 10 6 6 

Site #4 ($63,125) 3 8 6 7 

Site IS ($231,000) 3 9 6 NE 
(underground) 

Site IS ($42,000) 3 9 6 6 
(relocation only) 

Site #6 ($30,250) 8 9 6 9 

Site #7 ($26,800) 8 9 6 16 

NA - Not Available (All of the offset distances produced beoefit-to-<:ost ratios ,realer than 1.0) 
NE - Non Existent (All of the offset distaoces produced beoefit-to-co&t ratios less than 1.0) 

(ft) 

10+ 

10+ 

10 

10 

10 

10 

12 

-

10 

15 

16 

From the summary presented in Table 12, it is apparent that the 6 ft lateral obstacle 

offset standard was generally adequate while producing benefit-to-cost ratios of greater than 

1.0 for most of the sites. If only minimal or no additional cost would arise from the 

acquisition of additional right-<>f-way, the data from these seven sites suggest that it would 

be advantageous to have alOft minimum lateral obstacle clearance policy. 
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In many respects, five of the seven field locations were very similar. The various site 

specific values for the fixed-object coverage factor. fixed-object lateral offset. and the initial 

and final pole lateral offsets are shown in Table 13. 

TABLE 13. 

Summary of "UPACE" Site-Specific Field Conditions 

Fixed Object Initial Pole Final Pole 
Site eov...,. l.oIonI Off", l.oIonI Off ... UleBI Off ... 
No. Foetor (ft) (ft) (ft) 

1 60.5" to.12 2.15 7.57 

2 59.3" 9.39 2.44 9.67 

3 58.0" 8.91 3.00 10.25 

4 55.6" 11 .53 3.39 8.25 

5 63.0" 11.56 3.15 9.31 

Average (I-S) 59.3" 10.30 2.87 9.01 

6 17 . 5~ 12.36 8.00 8.82 

7 21.7l\; 5.S< 7.52 9.32 

Average (1-7) 47.9" 9.92 4.26 9.03 

The average site-specific values. as shown in Table 13. were determined by using the 

data from sites 1 through 5 only. The reason for this is that some the site-specific data for 

sites 6 and 7 varied greatly from sites 1 through 5. as shown in Table 13. The average 

site-specific values were determined to be as follows: 

Fixed Object Average Coverage Factor = 59.3% 

Fixed Object Average Lateral Offset = 10.30 ft 

Initial Pole Average Lateral Offset = 2.87 ft 

Final Pole Average Lateral Offset 9.01 ft 
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Using these average values for site-specific field data and the typical costs for 

relocations provided in Appendix K, recommended guidelines could be genera!JOd to aid in 

the evaluation of the current lateral obstacle clearance policies for a new or reconstructed 

municipal state highway I curbed section. 
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, 'UPACE' GENERAL SITE ANALYSES 

9.1 Introduction 

Based on the individual site analyses it was concluded that the 6 ft mjnjmum lateral 

obstacle offset for a curbed, new or reconstructed Municipal State Highway was an effective 

and adequate mjnimum. standard. This conclusion, however, was based on analysis of only 

three specific sites. The next step ' was to consider a typical site containing many of the 

average values obtained from the site analyses. These values were used for computer inputs 

and also to simplify the general site analysis. The average values for the following quantities 

were held as constants: 

- Fixed Object Coverage Factor = 60% 

- Fixed Object Lateral Offset = 9 ft 

- Initial Pole Lateral Offset = 2 ft 

These values were selected because very little variance occurred between the three field 

locations. 

Site-specific analyses had been performed only for the actual utility-installation type 

which had been or was planned to be implemented. As a result of those analyses, questions 

arose about the effect of various types of utility installations on the benefit-ta-cost ratios. 

It was determined that the effect might be large if plans called for relocation of a larger 

utility line installation, since the relocation costs of utility installations increase significantly 

as the function of the utility line changes. ' Relocation costs provided by local utility 

companies confirmed this judgement (Appendix K). 
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9.2 Objective 

Since the effects of the utility installation type were evident, the Civil Engineering 

Department, in consultation with the Nebraska Department of Roads, decided that the 

analysis should incorporate various typical utility installation types. A summary of these 

typical utility installation types is presented in Appendix K. The relocation cost information 

was obtained from two local utility companies and the street lighting division at the 

Nebraska Department of Roads (NDOR). 

The objectives of the analyses were to identify which of the basic utility installation 

types would be cost-effective to implement, and, in addition, to determine an adequate 

minimum standard for lateral offset. The utility installation types were analyzed using the 

same general field scenario. 

9.3 Scope 

Seven different utility installation scenarios for the same general field location and 

roadway section were used for the general site analyses. The computer data inputs consisted 

of the following constant quantities: 

- Section Length = 2 mi. (10,560 ft) 
- Urban Location 
- Four or Two Lane Roadway 
- Two-Way Traffic 
- Curbed Section 
- Speed Limit . = 40 mph 
- Pole Configuration = one side 
- Pole Type = see analyses 
- Pole Spacing = see analyses 
- Fixed Object Coverage Factor = 0.60 (60%) 
- Fixed Object Lateral Offset = 9ft 
- Initial Pole Lateral Offset = 2ft 
- Traffic Growth Rate = 2% 
- Fatal Accidents = 1% 
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- Injury Accidents = 46.3% 
-PD~'s = 52.7% 
- CostfFatality = $1,500,000 
- Cost/Injury = $11,000 
- Cost/POO = $3,000 
- Project life = 20 years 
- Interest Rate = 8% 

The seven utility installation scenarios were as follows: 

(1) Relocate Street light Poles 

(2) Modify Existing Street light Poles to be Breakaway 

(3) Relocate Local or Large Power Distribution Poles 

(4) Modify Existing Local or Large Power Distribution Poles to be Breakaway 

(5) Relocate Large (Heavy 3-phase) Power Distribution Poles 

(6) Relocate Wood Power Transmission Poles 

(7) Relocate Steel Power Transmission Poles 

The results of the analysis are discussed in the following section. 

9.3.1 Relocate Street Ii~ht Poles 

Relocation of basic street lighting was tbe first utility instaliation type to be analyzed. 

Seventy-two metal, light poles were relocated from an initial offset of 2 it to an 

undetermined final offset. The number of poles along the section was calculated using a 

typical 150 it pole spacing. The light pole relocation cost was estimated $650/pole 

(Appendix K). The total project cost would be $46,800, resulting in an equivalent uniform 

annual cost (EUAC) of $4,767. 

A benefit-to-cost ratio analysis was performed for the relocation of the light poles for 

a range of 3 it to 12 it in increments of 1 ft, and for the following ADTs: 500, 1250, 2500, 

5000, 10000, 20000, 30000, and 40000. An example computer printout for the pole relocation 
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analysis for 4()()()() ADT is provided in Appendix L The results of the analysis are presented 

in Figure 25. It was evident that all of the relocation distances would be cost-effective since 

they all had benefit-to·cost ratios greater than 1.0. For ADTs as low as 500, the relocation 

of the poles would even be cost-effective. All of the bencfit-to-cost ratios were much greater 

than 1.0; thus it was difficult to determine an adequate mjnjmum lateral offset for relocating 

light poles. 

The benefit-to-cost ratios reached their maximum point at approximately the 9 ft final 

lateral offset position., at which point the amount of benefit leveled off while cost remained 

constant. The purchase of additional right-of-way was not considered in the analysis. 

Another reason the ratios leveled off at 9 ft may have been the location of the fixed object 

lateral offset of 9 ft, combined with a fixed-object coverage factor of 60%. 

9.3.2 Modify Exjstin~ Street Liibl Poles 10 be Breakaway 

Since the relocation of light poles was cost-effective in all aspects, the option for 

modifying the poles to be breakaway was analyzed. The analysis involved the conversion of 

72 poles to breakaway poles at the original 2 ft lateral offset. Two different costs were used 

for converting metal light poles: $300/pole and $750/pole, for a lotal project cost of $21,600 

and $54,000, respectively; and an equivalent uniform annual cost of $2,200 and $5,500, 

respectively. The cost of $300/pole was a more realistic onst figure, while the $750/pole cost 

could be used for situations in which high unexpected onsts would be considered. 

The analysis involved the use of the computer model at the following ADTs: 500, 

1000, 2500, 5000, 1()()()(), 2()()()(), 3()()()(), and 4()()()(). An example computer printout for the 

breakaway analysis for an ADT of 500 is provided in Appendix L The other significant 

variable was the percent reduction in severity for injury plus fatal accidents; 50% and 70% 

• 
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reductions in severity were considered. The results of the analysis are presented in Figure 

26. It was evident that the breakaway light pole modification would be a cost-effective 

countermeasure at all of the given ADTs. Even when the higher cost and lower reduction 

in severity are considered, the breakaway light pole is shown to be a promising solution. 

Both the relocation of light poles and the conversion to a breakaway system are 

shown to be cost-effective countermeasures, producing benefit-to-cost ratios greater than 1.0. 

Thus, it was appropriate to compare the two different types of installations. 

9.3.3 Relocation Vs. Breakaway (Lj~ht Poles) 

A comparison was performed for each of the relocation countermeasures and all of 

the breakaway countermeasures, for an ADT of 10,000. 

ADT = 10000 

Countermeasure EUAC EUAB rue 
1. 2ftt03ft $4,767 $15,552 3.263 
2. 2ftt04ft 4,767 24,504 5.141 
3. 2ftt05ft 4,757 30,458 6.390 
4. 2ftt06ft 4,757 34,765 7293 
5. 2ftt07ft 4,757 38,056 7.984 
6. 2ftt08ft 4,757 40,671 8.532 
7. 2ftt09ft 4,757 42,809 8.981 
8. 2 ft to 10 ft 4,757 43,055 9.032 
9. 2 ft to 11 ft 4,757 43,182 9.059 

10. 2 ft to 12 ft 4,757 42,878 8.995 
11. S750/pole, 50% reduc. 5,500 33,403 6.073 
12. $750/pole, 70% reduc. 5,500 46,765 8.503 
13. $300/pole, 50% reduc. 2,200 33,403 15.183 
14. $300/pole, 70% reduc. 2,200 46,765 21.257 
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An incremental benefit-to-cost ratio analysis showed that the least cost-effective 

breakaway countermeasure (S750/pole, 50% reduction) would be more cost-effective only 

for pole relocations up to 5 ft; while pole relocation would be more cost-effective for 

relocations of 6 ft or more. 

Comparison of the breakaway countermeasure of $300/pole and 50% reduction with 

pole relocation showed that the breakaway poles would be more cost-effective for distances 

up to 6 ft; pole relocation would be more cost-effective for distances of 7 ft or more. The 

remaining two breakaway countermeasures, considering a 70% reduction, would provide the 

greatest benefit over pole relocations from an incremental benefit-to-cost ratio perspective. 

9.3.4 Relocate Local or Lar&e Power Distribution Poles 

The analysis involved the relocation of 107 wood utility poles from an initial offset 

of 2 ft to an undetermined fina1 offset. The number of poles along the section was calculated 

using a typical 100 ft pole spacing. The utility pole relocation cost was estimated to be 

$1,700/pole, as shown in Appendix K. The total project cost would be $181,900 resulting in 

an equivalent uniform annual cost of $18,527. 

A benefit-to-cost ratio analysis was performed for the relocation of the utility poles 

for a range of 3 ft to 12 ft in increments of 1 ft, and for the following ADTs: 500, 5000, 

10000, 20000, 30000, and 40000. The results of the analysis are presented in Figure 27. For 

ADTs greater than 500, it was evident that it would be cost-effective to relocate the utility 

poles to a final lateral offset of 4 ft or greater. 
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The benefit-to-cost ratios reached their maximum at approximately the 9 ft final 

lateral offset position; benefit leveled off at this point while cost remained constant. The 

purchase of additional right-of-way was not considered in the analysis. Another reason the 

ratios leveled off at 9 ft may have been the location of the fixed object lateral offset of 9 

ft, combined with a fixed-object coverage factor of 60%. 

93.5 Modin- £xistinK Local and I.arKe Power Distribution Poles to be Breakawi\Y 

The countermeasure for modifying the local or large power distribution poles was 

analyzed. The analysis involved the conversion of 107 poles to breakaway poles at the 

original 2 ft lateral offset. The implementation cost per pole was $2,675 for a total project 

cost of $286,225, and resultiog in an equivalent uniform annual cost of $29,158. 

A benefit-ta-cost ratio analysis was performed for the modification of the existiog 

poles to be breakaway. The analysis involved the use of the computer model at the following 

APTs: 500, 5000, 10000, 20000, 30000, and 40000. 

The other significant variable was the percent reduction in severity for injury plus 

fatal accidents; 70% and 90% reductions in severity were used. Zegeer, Cynecki, and Parker 

had suggested values between 30% and 60% (.l.8,JZ); later, Ivey and Morgan reported values 

between 91% and 97% (ti). The 70% and 90% reduction values were selected. 

The analysis indicated that the breakaway utility pole modification would be a 

cost-effective countermeasure at all of the given APTs (Figure 28). Even for the lower 

reduction in severity, the breakaway utility pole are shown to be a promising solution. Both 

the relocation of the local or large distribution utility poles and the conversion to a 

breakaway system are cost-effective. Both modifications produced benefit-ta-cost ratios 

greater than 1.0. Thus, it was appropriate to compare the two different types of installations. 
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93.6 Relocation Ys. Breakaway (Utility Poles) 

A comparison was performed for each of the relocation countermeasures and all of 

the breakaway countermeasures, at an ADT of 1()()()(). 

AnT = 10000 

~ntertneasure EUAC EUAB M: 

1. 2ftt03ft $18,527 $19,432 1.049 
2. 2ftt04ft 18,527 30,617 1.653 
3. 2ftt05ft 18,527 38,057 2.054 
4. 2ftt06ft 18,527 43,438 2.345 
5. 2ftt07ft 18,527 47,550 2.567 
6. 2ftt08ft 18,527 50,817 2.743 
7. 2ftt09ft 18,527 53,489 2.887 
8. 2 ft to 10 ft 18,527 53,796 2.904 
9. 2 ft to 11 ft 18,527 53,954 2.912 

10. 2 ft to 12 ft 18,527 53,575 2.892 
11. $2,675/pole, 70% reduc. 29,153 58,743 2.015 
12. $2,675/pole, 90% reduc. 29,153 75,506 2.590 

An incremental benefit·to--cost ratio analysis showed that the least cost-effective 

breakaway countermeasure (70% reduction) would be more cost-effective than pole 

relocations only up to 7 ft, while pole relocation would be more cost-effective for relocations 

of 8 ft or more. The breakaway countermeasure of a 90% reduction in severity was found 

to be more cost-effective than any of the pole relocations considered. 

9.3.7 Relocate LarKe rueID!Y 3-pbase) Power Distribution Poles 

The analysis involved the relocation of 107 wood utility poles from an initial offset 

of 2 ft to an undetermined final offset The number of poles along the section was calculated 

using a typical pole spacing distance of 100 ft. The utility pole relocation cost was 

$3,500/pole, as shown in Appendix K. The total project cost was $374,500 resulting in an 

equivalent uniform annual cost of $38,144. 
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A benefit-to-cost ratio analysis was performed for the relocation of the utility poles 

for the range of 3 ft to 12 ft in increments of I ft, and for the following ADTs: 5000, I()()()(), 

2()()()(), 3()()()(), and 4()()()(). The results of the analysis are presented in Figure 29. For ADTs 

greater than 5000, it was evident that it would be cost-effective to relocate the utility poles 

to a final lateral offset of 7 ft or greater. However, if a larger ADT was presen" then, it 

would be cost-effective to relocate the utility poles to a lateral offset of 5 ft to 6 ft. 

The benefit-to-cost ratios reached their maximum point at approximately the 9 ft final 

lateral offset position; at this point the amount of benefit leveled off while cost remained 

constant. The purchase of additional right-of-way was not considered in the analysis. 

Another reason the ratios leveled off at 9 ft may have heen the location of the fixed object 

lateral offset of 9 ft, combined with a fixed-object coverage factor of 60%. 

9.3.8 Relocate Wood Power Transmission Poles 

The analysis involved the relocation of 37 wood utility poles from an irtitial offset of 

2 ft to an undetermined final offset. The number of poles along the section was calculated 

using a typical 300 ft pole spacing. The utility pole relocation cost was S8,350/pole 

(Appendix K). The total project cost was $308,950, for an EUAC of S31,467. 
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The benefit-ta-cost ratio analysis was performed for the relocation of the utility poles 

for the range of 3 ft to 12 ft in increments of 1 it, and for the following ADTs: 5000, 10000, 

20000, 30000, and 40000. The results of the analysis are presented in Figure 30. A lateral 

obstacle offset of 6 ft would only be cost-effective in situations in which the ADT was 

greater than approximately 14000. A smaller minimum lateral offset such as 5 ft would 

require an ADT of greater than 20000. Relocation of the utility poles in locations where low 

ADTs such as 500 to 5000 exist would not be cost-effective. 

The benefit·to-cost ratios reached their maximum at approximately the 9 ft final 

lateral offset position, at which point the amount of benefit leveled off while cost remained 

constant. The purchase of additional right-of-way was not considered in the analysis. 

Another reason the ratios leveled off at 9 ft may have been the location of the fixed object 

lateral offset of 9 ft, combined with a fixed-object coverage factor of 60%. 

9.3.9 Relocate Steel Power Transmission Poles 

The analysis involved the relocation of 37 steel utility poles from an initial offset of 

2 ft to an undetermined fina1 offset. The number of poles along the section was calculated 

using a typical 300 ft pole spacing. The utility pole relocation cost was $13,850/pole, as 

shown in Appendix K The total project cost was $512,450 resulting in an EUAC of $52,193. 

A benefit-to-cost ratio analysis was performed for the relocation of utility poles for 

the range of 3 ft to 12 ft in 1 ft increments, and for ADTs of 5000, 10000, 20000, 30000, and 

40000. The results are presented in Figure 31. The current lateral obstacle offset standard 

of 6 ft would be cost-effective only if the ADT was greater than approximately 27000. A 

smaller minjmum lateral offset such as 5 ft would require an ADT of greater than 30000. 

Relocation would not be cost-effective when the ADT ranges from 500 to 20000. 
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The benefit-to-cost ratios reacbed their maximum at approximately the 9 £t final 

lateral offset position, at which point the amount of benefit leveled off while cost remained 

constant The purchase of additional right-of-way was not considered in the analysis. 

Another reason the ratios leveled off at 9 ft may have been the location of the fixed object 

lateral offset of 9 it, combined with a fixed-object coverage factor of 60%. 

93.10 Relocate Steel Power Transmjssion Poles (115-161 KV) 

The analysis involved the relocation of 37 steel utility poles from an initial offset of 

2 ft to an undetermined final offset The poles were categorized as a 115-161 KY power 

line. The number of poles along the section was calculated using a typical 300 ft pole 

spacing. The utility pole relocation cost was $27,loo/pole, as shown in Appendix K The 

total project cost was $1,002,700 resulting in an equivalent uniform annual cost of $102,127. 

The benefit-to-cost ratio analysis was performed for the relocation of the utility poles 

for the range of 3 ft to 12 ft in 1 ft increments, and for the following ADT's: 5000, 10000, 

20000, 30000, and 40000_ The results are presented in Figure 32. The current standard 

lateral obstacle offset of 6 ft would not be cost-effective for situations where the ADT's 

varied up to 40000; indeed, it would not be cost-effective to relocate the utility poles to any 

lateral offset for locations where the ADT's range from 500 to 40000_ 

The benefit-to-cost ratios reached their maximum at approximately the 9 ft final 

lateral offset position, at which point the amount of benefit leveled off while cost remained 

constant. The purchase of additional right-of-way was not considered in the analysis. 

Another reason the ratios leveled off at 9 ft may have heen the location of the fixed object 

lateral offset of 9 it, combined with a fixed-object coverage factor of 60%. 
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9.3.11 Relocate Wood Power Transmission and Distribution Poles 

The analysis involved the relocation of 37 wood utility poles from an initial offset of 

2 ft to an uodetermined final offset. The number of poles along the section was calculated 

using a typical 300 ft pole spacing. The utility pole relocation cost was S15,850/pole, as 

shown in Appendix K. The total project cost was $586,450 resulting in an equivalent uniform 

anoual cost of $59,73!. 

A benefit-to-cost ratio analysis was performed for the relocation of the utility poles 

for the range of 3 ft to 12 ft in 1 ft increments, and for the following ADT's: 5000, 10000, 

20000, 3()1)OQ, and 40000. The results of the analysis are presented in Figure 33. The current 

standard lateral obstacle offset of 6 ft would only be cost-effective in situations where the 

ADT was greater than approximately 30000; an ADT of greater than 36,000 would be 

required in order for a smaller minimum lateral offset, sucb as 5 it, to be used. For locations 

where the ADT ranges from 500 to 24000, it would not be cost-effective to relocate the 

utility poles. 

The benefit-ta-cost ratios reacbed their maximum at approximately tbe 9 ft final 

lateral offset position, at which point the amount of benefit leveled off wbile cost remained 

constant. The purchase of additional right-of-way was not considered in the analysis. 

Another reason the ratios leveled off at 9 ft may bave been tbe location of the fixed object 

lateral offset of 9 it, combined with a fixed-object coverage factor of 60%. 
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9.3.12 RelOcate Steel Power Transmission and Distribution Poles· 

The analysis involved the relocation of 37 steel utility poles from an initial offset of 

2 ft to an undetermined final offset. The number of poles along the section was calculated 

using a typical spaeing distance of 300 ft. The utility pole relocation cost was $30,600/pole, 

as shown in Appendix K. The total project cost was $1,132,000 resulting in an equivalent 

uniform annual cost of $ll5,297. 

A benefit-to-cost ratio analysis was performed for the relocation of the utility poles 

for the range of 3 ft to 12 ft in 1 ft increments, and for the following ADTs: 5000, 10000, 

20000, 30000, and 40000. The results of the analysis are presented in Figure 34. The current 

standard lateral obstacle offset of 6 ft would not be cost-effective for situations where the 

ADTs varied up to 40000; in locations where the ADTs range from 500 to 40000, it would 

not be cost effective to relocate the utility poles to any lateral offset. 

The benefit-to-cost ratios reached their maximum at approximately the 9 ft final 

lateral offset position, at which point the amount of benefit leveled off while cost remained 

constant. The purchase of additional right-of-way was not considered in the analysis. 

Another reason the ratios leveled off at 9 ft may have been the location of the fixed object 

lateral offset of 9 ft, combined with a fixed-object coverage factor of 60%. 

9.4 Summary and Conclusions for General Site Analyses 

The analyses of the utility installations may be summarized as follows: 

(1) Relocation of Street lighting: 

Relocation of poles to any final lateral-offset for ADTs between 500 to 40000 

would be cost-effective; however, 
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- there would be no increase in benefit beyond the 9 ft lateral-offset position. 

(2) Breakaway Street lighting: 

Conversion of the existing light poles to be breakaway would be cost-effective; 

indeed, 

even with high installation costs and a lower reduction in severity, the 

breakaway light pole was shown to be cost-effective. 

(3) Relocation versus Breakaway (Ught Poles): 

For the 50% reduction in severity cases, breakaway poles were more 

cost-effective than pole relocations up to approximately 6 ft; likewise, 

for the 70% reduction in severity cases, breakaway poles were more 

cost-effective than pole relocations for all the lateral-offsets analyzed. 

(4) Relocation of Local or Large Distribution: 

Relocation of poles to a final lateral-offset of 4 ft or greater for ADTs 

between 500 to 40000 would be cost-effective; however, 

there would be no increase in benefit beyond the 9 ft lateral-offset position. 

(5) Breakaway Local or Large Distribution: 

Conversion of the existing utility poles to be breakaway would be 

cost-effective; indeed, 

even with a lower reduction in severity, the breakaway utility pole was shown 

to be cost-effective. 

(6) Relocation Vs. Breakaway (Utility Poles): 

For the 70% reduction in severity cases, breakaway poles were more 

cost-effective than pole relocations up to 7 ft; sintilarly, 
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for the 90% reduction in severity cases, breakaway poles were more 

cost-effective than all the pole relocations analyzed. 

(7) Relocation of Large (Heavy 3-phase) Distribution: 

Relocation of poles to a final lateral offset of 7 ft or greater would he cost­

effective for ADTs greater than 5000; 

for larger ADTs, such as 15000 to 40000, it would be cost-effective to relocate 

poles to a ntinirnum final lateral offset of 5 ft to 6 ft; however, 

there would he no increase in benefit beyond the 9 ft lateral-offset position. 

(8) Relocation of Wood Transntission Poles: 

At the current standard of the 6 ft minimum lateral offset, an ADT of 14000 

or greater would be required for a cost·effective relocation; 

for ADTs less than 10000, it would not be cost-effective to relocate the utility 

poles; likewise, 

there would be no increase in benefit beyond the 9 ft lateral-offset position. 

(9) Relocation of Steel Transntission Poles: 

At the current standard of the 6 ft minimum lateral offset, an ADT of 27000 

or greater would be required for a cost·effective relocation; 

for ADTs less than 20000, it would not be cost-effective to relocate the utility 

poles; and similarly, 

there would be no increase in benefit after the 9 ft lateral~ffset position. 

(10) Relocation of Large Steel Transntission Poles: 

At the current standard of the 6 ft minimum lateral offset, pole relocations 

would not be cost-effective where the ADTs ranged from 500 to 40000; 
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likewise, there would be no increase in benefit after the 9 ft lateral-offset 

position. 

(11) Relocation of Wood Power Transmission Poles Plus Distribution Underbuilt 

At the current standard of the 6 ft minimum lateral offset, an ADT of 30000 

or greater would be required for a cost·effective relocation; 

for ADTs less than 24000, it would not be cost-effective to relocate the utility 

poles; and similarly, 

there would be no ioerease io benefit after the 9 ft lateral-offset position. 

(12) Relocation of Steel Power Transmission Poles Plus Distribution Underbuilt 

At the current standard of the 6 ft mjnjmum lateral offset, it would not be 

cost-effective for pole relocations where the ADTs ranged from SOO to 40000; 

there would be no ioerease io benefit after the 9 ft lateral-offset position. 

It should be noted that the "UP ACE" general site analyses were perforroed for 

various typical installation types. Many of the major computer inputs were based upon field 

iovestigations for the site specific analyses. These ioputs were used because they were fouod 

to be representative of the selected sites for urban areas in Nebraska. 

The conclusions for both the specific site and the general analyses may be used as 

a guide for deterroioiog whether a utility or light pole couoterroeasure for a curbed section 

along a new or reconstructed municipal state highway should be imple-mented. However, 

these conclusions cannot replace actual field observation. If a project is a serious candidate 

for implementation, field visits are recommended to obtain data and necessary computer 

ioputs sioce variables such as the fixed object lateral offset and fixed object coverage factor 

can significantly affect the results. 
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10 "ROADSIDE" METHODOLOGY 

10.1 Introduction 

In order to assist highway design engineers in evaluating the cost of a proposed 

roadside improvement versus the expected benefit, an update to the 1977 AASIITO Barrier 

Guide Methodology was developed and presented in the AASHfO Roadside Design Guide 

(12). This update was a computer program called "ROADSIDE"; the program has been 

written in Quick Basic 4 and can be used by mM and mM-compatible personal computers. 

The computer program permits the designer to approximate the total annualized 

costs of alternative measures. These total costs include initial construction, repair and 

maintenance costs, salvage value, and user costs. "Roadside" relates the number of accidents 

to the number of predicted encroachments and the probabilities of these encroachments 

resulting in an impact with the described hazard. 

Unlike the "Barrier Guide" Methodology, the "ROADSIDE" model includes the 

effects of roadway grade and curvature, including the effects of opposite-direction 

encroachments on undivided two-way roadways. The model also relates the lateral extent 

of encroachment as well as accident severity to the design speed of the roadway. Finally, the 

model calculates the traffic growth over the given project life and incorporates this factor 

into the economic analysis. 

10.2 Computer Method 

Although the calculations can be made manually, the computer program is much 

more efficient. Program output (i.e., annualized costs) can be manipulated by the design 

engineer in order to predict the total costs associated with specific traffic and roadway 
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conditions. The design engineer can then select the most appropriate design from among 

the alternative options. 

10.3 Data Requirements 

The following sets of variables used in the computer model for conducting the 

cost-effectiveness analysis are as follows: 

(I) Basic Input Data 

(2) Specific Roadway and Roadside Characteristics 

(3) Global Values 

10.4 Basic Input Data 

10.4.1 Traffic Volume 

The design year traffic (ADT d),} is a function of the initial traffic volume (ADTo)' 

estimated traffic growth rate (TGR), and the assigned project life (PL). The relationship is 

shown below: 

[ 
TGR]PL ADT dy = ADTo 1+ 100 

whereADTo, TGR, and PL are input variables andADT dy is a computed value. For two-way 

divided and undivided roadways, the traffic volume is assumed to be equally distributed 

between adjacent and opposing traffic. 

10.4.2 Project Ufe and Discount RaJe 

The project life (PL) defines the useful life of the project; it is also the period of time 

over which the cost-effective analysis is performed. The discount rate is used to calculate 

the economic factors used to determine present worth and annual costs. 
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10.4.3 HiKhwa.Y Ai.ney Costs 

Highway agency costs consist of installation costs, maintenance and repair costs, and 

salvage value: 

Installation Costs 

The installation cost is the total cost to the highway agency of installing a safety 

feature or modifying or removing an existing hazard. The installation cost for the original 

or do-nothing case would be zero. 

Maintenance Costs 

The annual cost of maintaining either an existing condition or an appurtenance 

proposed for installation. 

Repair Costs 

The estimated cost to repair or rep!ace an appurtenance which is damaged as a result 

of an accident. 

Salva&e Value 

The estimated value of the materials used for the project at the end of the project 

life. In most cases the value is negligible. 

10.5 Specillc Roadway and Roadside Characteristics 

10.5.1 Roadway Txpe 

The program addresses three types of highways: divided, undivided, and one-way. On 

a two-way undivided roadway, encroachments by both adjacent and opposite-direction traffic 

are calculated. Figure 35 illustrates the encroachments by roadway type (19). 
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to.S.2 Number of T .anes and T .ane Width 

These input values are used to calculate encroachments from adjacent traffic if there 

is more than one lane, and encroachments from opposite flowing traffic if the highway is 

undivided. 

10.5.3 Curvature and Grade Factors 

The number of baseline encroachments calculated by the computer model assumes 

a straight and level roadway. The model allows for adjustment by the use of a curvature 

factor (K,) or a grade factor (Kg), whichever may apply. These factors are expressed 

graphically in Figure 36 (12). 

10.5.4 User Factor 

If the encroachment rate is influenced by any other conditions other than grade or 

curvature, the designer may use a subjective factor to modify the number of baseline 

encroachments accordingly. 

10.5.5 DesilW Speed 

The computer model will accept design speeds of 40 mph, 50 mpb, 60 mph, and 70 

mph and round all other values to the next higher speed. The design speed is needed to 

select the proper probability curve, as shown in Figure 37 (12). 

10.5.6 Hazard Definition 

A hazard is defined by the model as being any object along the roadside including 

a traffic barrier installed to shield a fixed object. The hazard is represented by a rectangle 

with a length (L) parallel to the roadway, a width (W), and an offset (.4) from the edge of 

the adjacent lane. The methodology employs hazard model theory, as shown in Figure 38. 

169 



_J 

\ 

(DowrI Grade) (Up Grade) 

o , , • 
GRADE IN DIRECTION Of TRAffIC 

(Percent) 

• 

, 
• • :. 
• 
i , 
• > 

if 

I 

u 
~ 
~ 

~-----~¥-------~ 

(O~t~1de of C~rve) (ln51de of C~rve) 

-7 -6 -S -4 -3 -2 -1 o , , • 
CURVATlnIE 
(~T'U) 

5 • 7 

5 • 7 

FIGU RE 36_ ENCROACHMENT ADJUSTMENT FACTORS FOR ROADWAY 
CURVATURE AND GRADE_ 

l'IO 



~ 
~ 
J 
~ 

I 

... 
.. 
III 

,. 

.. 

.. 

.. 
lO 

10 

10 

• • .. 

LATERAl. EXTENT OF ENCROACIt1£NT 
spaD 1O . 40. 50 . iCI ud 10 ~." 

.. II 10 

AUTOMOBILES 561 

YAN$·PICIUPS 241 

SiNGlE UNITS 41 

CCMJNATJOttS 161 

.01 

FIGURE 37. LATERAL EXTENT OF ENCROACHMENT PROBABILITY CURVES. 

1 71 

... 



t----- A -----+~ 
Offset fl"Ol!l nearest 

driving lane ....... ,. .. ....-'/;""'"~""""" I 
COmtf I 

Edge of nearest 
4riving lane .~-I 

D 

8 

Upstre .... 
COT'fltf 

WeMtle slMth 
width 

lone 3 

FIGURE 38. HAZA RD MODEL FO R ADJACENT TRAFFIC . 

172 

J 



10.5.7 Accident Costs 

The accident costs used in the model to determine the costs of accidents of various 

severities are as follows: 

Fatality $ 1,500,000 

Severe Personal Injury ......•...................... $ 110,000 

Moderate Personal Injury '... ...... . . ... ............. $ 11,000 

Slight Personal Injury .............................. $ 3,000 

Property Damage Only (Level 2) ..................... $ 3,000 

Property Damage Only (Levell) 

10.5.8 Severity Index 

$ 500 

The purpose of the severity index (SI) is to convert the accident data into cost 

data. This conversion is accomplished by assigning values to different areas of the 

hazard, more specifically, the upstream and downstream sides, upstream and 

downstream comers, and the face. 

Suggested values for the severity index for rigid ohjects are shown in Tahle 14 

(44); the values vary according to the design speed. The selection of a severidy index 

(Sf) is relatively subjective and represents an average severity. The value can be 

hased upon local data if any is available. Figore 39 shows the relationship between 

accident cost and severity indices. 

10.6 Global Values 

The global values should remain constant for the stody and are entered 

separately. 

173 



1.5 

1 ... 

1.3 

1.2 

I 
I 

I 
I 

1.1 

1 

0.9 --•! 0.1 -o ... = "'- 0.7 82 - 0.6 

....... 0.5 
-...J 

"" o ... 
0.3 

0.2 

0.1 

I 

I 
I 

1/ 
I 

/ v 
L 

,/ 
/ 

..,..... / 

----~ 0 
0 2 .. 6 8 10 

. SEVERITY INDEX 

FIGURE 39. GRAPH OF COST VS. SEVERITY INDEX . 



TABLE 14 

Severity Indices 

FACE 40 MPH 50 MPH OOMPH 70 MPH 
TYPE OP HAZARD SIDE 

80111 RANGE AVO. RANGE AVO. RANGE AVO. RANGE AVO. 

RIGID OBJECTS 
Rigid (non frangible} Both 2.6 - 5.0 3.' 3.2 - 6.0 4.6 3.8 - 7.2 S.S 4.4 - 8.6 65 
Fran&ible or Breakaway Both 0 .• - 2.6 I.S 0.6 - 3.2 1.. 0.8 - 3.8 2.3 1.0-4.4 2.7 

Variable Height 
Hcight < 4- Both 0.6 - 1.0 0.8 1.0 - 1.8 1.4 1.4-2.4 1.' 1.8 - 3.0 2.4 
Height"" 4-·10" Both 1.0 - 2.6 1.8 1.8 - 3.2 2.S 2.4 - 3.6 3.0 3.0 - 4.4 3.7 
Height> 10' Both 2.6 - 5.0 3.8 3,2 - 6.0 4.6 3.B - 7.2 S.S 4.4 - 8.6 6.S 

Edge Drop-Off 
Height < 4" Both 0.4 - 1.0 0.7 0.6 - 1.4 1.0 0.8 - 1.8 1.3 1.0 - 2.2 1.6 
Height = 4"·10" Both 1.0 - 1.6 1.3 1.4 - 2.2 1.8 1.8 - 2.8 2.3 2.2 - 3.6 2.8 

FACTORS THAT EFFECT SEVERITY RANGE 

Low Range: 
Object on fill ,lope (uphill) non-frangible diameter it .mall, proper dea;ignI placement and maintc-nance of frangible object, top of 
hue flulh with &rOund. no ero.ion around hue. 

High Range: 
Object on 6:1 or lteeper slope (non-recoverable), non-frangible diameter is large, improper placc:mcnt/ dcaign of POlt, base 
located at hinge, ero.ion around bue improper maintenance of lign IUpport and brcabway device. 

10.6.1 Fatality. lniu!),. and DarnaKe Costs 

These costs were described in an earlier section. 

10.6.2 EncrQachment Rate 

The basic encrQachment rate used by the cQmputer mQdel is a linear functiQn Qf 

traffic vQlume. Suggested encroachment rates are shQwn in Table 15 (28). 

10.6.3 Encroacbment AnlOIe 

The encrQachment angles have been generalized fQr the use in "ROADSIDE" and 

are classified according tQ the design speed. 
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10.6.4 UmjtiDl: Traffic Volumeailue 

The model uses 10,000 vehicles per lane; as traffic volumes increase above this level 

the model assumes that operating speeds, the number of encroachments, and the level of 

service decrease. 

10.6.5 Swath Width 

The width is known as the effective width of the vehicle; it is based on the length and 

width of a full size passenger car and the assumed yaw angle. 

Nebraska 
Highway D..;g. 

Number 

DR 1 

DR2 

DR3 

DR4 

DRS 

DR6 

DR 7 

DR 10 

DM20 

DM30 

DM40 

DMSO 

DM60 

TABLE 15 

Vehicle Encroachment Rate as a Function of 
Higbway Classification and Traffic Volume 

Encroachment Rate for 
Highway Both DirectioD of Travel 

Classification (cnaoachmcnts/ mile/yea:r) 

Rural Interstate and Expressway 0.000900 ADT 

Rural Multilane 0.000590 ADT 

Di~ded Highway 0.000590 ADT 

Wide Rural 0.000742 ADT 

Two-Lane Highway 0.000742 ADT 

(Roadbed ,. 36 ft) 0.000742 ADT 

Narrow Rural Two-Lane Highway (Roadbed < 36 ft) 0.001210 ADT 

Urban Interstate 0.000900 ADT 

0.000900 ADT 

Urban Multilane 0.000900 ADT 

Divided Highway 0.000900 ADT 

Urban Major Arterial 0.001330 ADT 

Street 0.001330 ADT 

ADT - Average Daily Traffic 
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11 'ROADSIDE' GENERAL SITE ANALYSES 

11.1 Introduction 

The general site analysis approach was used in combination with one specific site 

analysis to perform the benefit-ta-cost analysis using the 'ROADSIDE' computer model. 

The general site represents a typieal urban location in Nebraska The specific site analysis 

was located in Wayne, Nebraska and will be discussed in further detail in Chapter 12. 

1n contrast with the specific site analysis, which is an example of a single installation, 

the general site analyses were assumed single installations. They were not treated as a line 

of utility installations but as individual roadside hazards. The shapes of particular 

installations were approximated in order to comply with the roadside hazard model. 

11.2 Objective 

Since the effects of relocation, removal, and breakaway conversion were not evident, 

the objective was to discover the effects using a benefit-to-cost analysis. The analysis 

involved using a typical or general site representing urban Nebraska. The benefit-to--cost 

analysis was based upon the 'ROADSIDE' computer model which computes annualized 

costs, such as installation, repair, maintenance, and accident costs. After analyzing these 

costs, a benefit-to-cost ratio could be ealculated which could aid in determining a minimum 

lateral obstacle clear zone for utility installations. At the same time, an evaluation would 

be made analyzing the economics of the relocation, removal, and breakaway scenarios. 

The major objective was to determine the most cost-effective roadside appurtenance 

lateral offset, and at the same time gain experience and knowledge working with the 

'ROADSIDE' computer model. 
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After determining the benefit-to--cost ratios for a given countermeasure, the results 

were expressed graphically. Such graphic representation is helpful in selecting the optimum 

location to locate a single utility installation; that is, the safe location of a luminaire, utility 

pole, fire hydrant, or breakaway appurtenance of previously mentioned installations. 

11.3 Scope 

The general site analyses were performed with seven different utility installation 

scenarios for the same general field location. The seven utility installations were as follows: 

(1) Basic Ligbt Poles 
(2) Type 1 Power Poles 
(3) Type 2 Power Poles 
(4) Type 3 Power Poles 
(5) Type 4 Power Poles 
(6) Type 5 Power Poles 
(7) Basic Fire Hydrants 

The power poles were identified by 'Type" for calculation purposes during the computer 

analyses; the types were based upon various installation costs (Table 16). The basic scenario 

was the relocation of the existing utility installation. For utility installations I, 2, and 7, the 

breakaway conversion was also incorporated into the evaluation. 
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TABLE 16 

Typical Installation, Maintenance, and Repair Costs 
for Utility and Light Poles 

Installation Costs ($) 
Type Installation Maintenance Salvage 

Basic Light Pole 
(a) Rigid 650 10 
(b) Breakaway 750 10 

Type 1 Power Pole 
(a) Rigid 1,700 0 
(b) Breakaway ' 2,675 0 

Type 2 Power Pole 3,500 0 

Type 3 Power Pole 8,350 0 

Type 4 Power Pole 14,850 0 

Type 5 Power Pole 28,850 0 

The description of the power pole types is as follows: 

(1) Type 1 Power Distribution Pole 
(a) Local and Large Distribution 
(b) 1-3 Phase 
(c) Wood Pole 

(2) Type 2 Power Distribution Pole 
(a) Large Distribution 
(b) Heavy 3 Phase 
(c) 4-13.8 KY 
(d) Wood Pole 

(3) Type 3 Power Transmission Pole 
(a) 35-69 KV (Wood) 

(4) Type 4 Power Transmission Pole 
(a) 35-69 KV (Steel) 
(b) 35 KY (Wood) Plus Distribution Underbuilt 

(5) Type 5 Power Transmission Pole 
(a) 115-161 KV (Steel) 
(b) 115 KY (Steel) Plus Distribution Underbuilt 
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The global values for every installation remained constant throughout the entire 

evaluation. The global values are listed below: 

Global Values 

Fatality . . . .. . .... . . . .•. • . .• . . .. .. .. . .. .• ... ... 
Severe Personal Injury . . • .... . . . ...... . ... . .. . ... 
Moderate Personal Injury • . . . . .. . . ... .. ..... .. .... 
Slight Personal Injury .... .. ..•. • .. . . . . .•.•. . . . ... 
Property Damage Only (Level 2) .• . . . .. . . . ... ... ... 
Property Damage Only (Levell) ................ . . . 
Encroachment Rate .. .. . .. . ... . . . .... . ..... . ... . 

(encroachments/mile/year/vpd) 
Encroachment Angle at 40 mph ... . . . . . .. ... ... •... 
Limiting Traffic Volume/Lane .. ... . .... . . . .. .. •... 
Swath Width . . . . ... . . ...... . ..... . ........... . 

The variable data inputs that remain constant are as follows: 

Lane Width . . . . ....... .. . . .. . .. .. ... . .... . . . . . 
Roadway Curvature . . . . . ... . .... . ...... • .•...... 
Roadway Grade .. . . . . . .. . . . ...... . . . .. . .. .. .. . 
User Adjustment Factor . . ... . .... . ... ... . . ... . . . 
Design Speed ............. . .....• . ...•.......• 
Project Life . . .. . . .. . . . .. . . . •... . • . . . ..... ... .• 
Discount Rate . ... ....... . ... . . .. . . .. . ... .. .. . . 
Traffic Growth Rate (TGR) . .. .. ... . .. .. ..... . .. . 
Salvage Value . . ... . ... . . ... . .. ... . .. .. . .. .. . .. . 

$ 1,500,000 
$ 110,000 
$ 11,000 
$ 3,000 
$ 3,000 

$ 500 
$ 0.00133 

17.2 degrees 
10,000 vpd 

12 feet 

15 feet 
o degrees 
o degrees 

1.0 
40 mph 

20 years 
8% 
2% 

SO 

The computer test matrix is shown in Table 17. For each of the single utility 

installation types, a computer run was made for the following ADrs: 5000, 10000, 

20000, 31X>OO, and 40000 for both a two-lane and four-lane roadway. The relocation 

countermeasures were conducted with the original installation located at a lateral 

offset of 2 ft and then relocated to a final offset ranging from 3 ft to 10 ft in 

increments of 1 ft. An analysis was also performed for the do-nothing alternative. 
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TABLE 17 

"ROADSIDE" Computer Runs Matrix 

ADT (vpd) 

Type of Hazard 5000 10000 20000 30000 

l-une 4-UM l-UM 4-LoM l-Lane 4-UM l-UM 4-UM 

Light Poles 9 9 9 9 9 9 - 9 

1. Power District Poles 9 9 9 9 9 9 - 9 
1-3 Pbase 4-13.8 KV (wood) -

2. Power District Poles 9 9 9 9 9 9 - 9 
Hea')' 3-Pbase 4-13.8 KV (wood) 

3. Power Transmission Poles 9 9 9 9 9 9 - 9 
36-69 KV (wood) 

4. Power Trans. 36-59 KV (steel) + 9 9 9 9 9 9 - 9 
Power Trans. Dist. 35 KV (wood) 

S. Power Trans. 115-161 KV (steet) 9 9 9 9 9 9 - 9 
Power Trans + Dist 115 KV 
(steel) 

Fire Hydrant 9 9 9 9 9 9 - 9 

Note: 

1. Relocation: # Runs - Original 2 ft offset plus relocation from 3 ft to 10 ft with 1 ft increments = 9 runs. 

2. Brealcaway: # Runs ""' Conversion to a breakaway with each of the experimental ADT's = 5 runs. 

40000 Breakaway Total 

l-Llne 4-LoM l-UM 4-UM 2nd &. <tth Lane 

- 9 5 5 82 

- 9 5 5 82 

- 9 - - n 

- 9 - - n 

- 9 - - n 

- 9 - - n 

- 9 5 5 82 

TOTAL RUNS 534 



The computer runs for two-lane roadways having ADT's equal to 30000 and 40000 

were the same as for runs having an ADT equal to 20000 since the global limiting traffic 

volume per lane variable was set at 10,000 vehicles/lane. This value was selected because 

a traffic volume greater than 10,000 vehicles/lane will most likely cause traffic speeds to 

decrease; encroachments will most likely decrease as well. The analyses of the seven 

different utility installation scenarios are discussed below. 

11.4 Test Results 

The basic scenarios were the same for all seven installations using the general site 

analysis. The fixst scenario included relocating the original installation from the lateral offset 

of 2 ft to the final lateral offset of 10 ft in 1 ft increments. This process was performed with 

the following ADT's (5000, 10000,20000,30000,40000) on two-lane undivided and four-lane 

divided roadways. The second scenario consisted of the conversion of light poles, type 1 

power poles, and fixe hydrants to breakaway installations using the 2 ft offset and varying 

the following ADT's (5000, 10000, 20000, 30000, 40000). 

Example computer runs are provided in Appendices M and N. The example in 

Appendix M shows relocation alternatives using an ADT of 5000 on a two-lane, undivided 

roadway. An example of a breakaway conversion using the original 2 ft lateral offset with 

ADT's of 5000, 10000, 20000, 30000, and 40000 is shown in Appendix N. Finally, Appendix 

o provides two examples of benefit-to-cost ratio calculations using the output from these 

two computer runs. 
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11.5 Street Lighting 

The first utility installation type analyzed with the general site analysis was the light 

pole relocation. The results presented in Figures 40, 41, and 42 represent two-lane and four­

lane roadways. 

11.5.1 Relocation (f,WO-lane undivided) 

Any of the relocation distances would be cost-effective since the benefit-to-cost ratios 

were greater than 1.0 (Figure 40). The values for the benefit-to-cost ratios at an ADT of 

20000, 30000, and 40000 were equal because of the effect of the traffic volume limit of 

10,000 vehicles per lane. Since all the benefit-to-cost ratios were greater than 1.0, it was 

difficult to determine an adequate mjnjmum lateral offset. 

11.5.2 Relocation (four-lane divided) 

The results presented in Figure 41 indicate that all relocation distances would be 

cost-effective on four-lane roadways. The leveling off of the curves for a lateral offset of 8 ft 

and ADTs of 5000 and 10000 shows the effect of the benefit reaching its maximum and the 

cost remaining constant. The benefit-to-cost ratios continue to increase for the larger ADTs. 

11.5.3 Breakaway Street U&htin~ 

As in the previous case, since the benefit-to-cost ratios were all greater than 1.0 it 

would be cost-effective to convert the street light pole to become breakaway at any of the 

analyzed ADTs (Figure 42). The benefit-to-cost ratios become constant after an ADT of 

20000 for the two-lane roadway; once again, this was due to the effect of the traffic volume 

limit of 10000 vehicles per lane. 
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11.5.4 Relocation ¥s. Breakaway (Liebt Poles) 

In order to determine if there was a location at which a relocation countermeasure 

was more cost·effective than the breakaway conversion countermeasure, or vice versa, a 

comparison was performed for each of the countermeasure!. ADTs of 10000 aod 40000 on 

a four-lane divided roadway were used for the comparison. The procedure, known as 

incremental benefit·to--cost ratio analysis, is shown below. 

ADT = 10000 (4-1aoe, divided) 

Incremental 
Countermeasure EUAC EUAB Jlli: 

1. 2ftt03ft 64 134 2.09 
Breakaway @ 2 ft 68 1,227 18.04 273.2 

2. 2ftt04ft 63 253 4.02 
Breakaway @ 2 ft 68 1,227 18.04 94.8 

3. 2ftt05ft 62 354 5.71 
Breakaway @ 2 ft 68 1,227 18.04 145.5 

4. 2 ft to 6 ft 60 446 7.43 
Breakaway @ 2 ft 68 1,227 18.04 97.6 

5. 2ftt07ft 59 526 8.92 
Breakaway @ 2 ft 68 1,227 18.04 77.9 

6. 2ftt08ft 58 598 10.31 
Breakaway @ 2 ft 68 1,227 18.04 62.9 

7. 2ftt09ft 57 663 11.63 
Breakaway @ 2 ft 68 1,227 18.04 51.3 

8. 2 ft to 10 ft 57 721 12.65 
Breakaway @ 2 ft 68 1,227 18.04 46.0 
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ADT = 40000 (4-lane, divided) 

Incremental 
<;OunJertneasure EUAC EUAB M: M: 

1. Breakaway @ 2 ft 44 4,908 111.54 
2ftt03ft 59 538 9.12 -291.3 

2. Breakaway @ 2 ft 44 4,908 111.54 
2ftt04ft 52 1,014 19.50 -486.8 

3. Breakaway @ 2 ft 44 4,908 111.54 
2ftt05ft 47 1,419 30.19 -1,163.0 

4. 2 ft to 6 ft 42 1,784 42.47 
Breakaway @ 2 ft 44 4,908 111.54 1,562.0 

5. 2 ft to 7 ft 38 2,104 55.36 
Breakaway @ 2 ft 44 4,908 111.54 467.3 

6.2ftt08ft 34 2,395 70.44 
Breakaway @ 2 ft 44 4,908 111.54 251.3 

7. 2 ft to 9 ft 31 2,651 85.51 
Breakaway @ 2 ft 44 4,908 111.54 173.6 

8.2fttolOft 28 2,885 103.03 
Breakaway @ 2 ft 44 4,908 111.54 126.4 

The incremental benefit-to-cost ratio analysis contrasted the relocation and 

breakaway countermeasures. The lowest cost alternative served as the basis for the 

comparison. If the countermeasure being compared to the base had a benefit-ta-cost ratio 

greater than or equal to 1.0, then the countermeasure with the higher cost was selected. 

The first analysis compared relocation to breakaway at an ADT of 10000. All the 

relocation countermeasures had an EUAC less than tbe breakaway countermeasure; 

therefore, the relocation alternatives were selected as the base alternatives. When comparing 

the higher cost alternative (breakaway) to the base option, the benefit-to-cost ratios were 

all greater than 1.0. The best alternative was thus the breakaway alternative. 

The second analysis compared relocation to breakaway at an ADT of 40000. It was 

evident that the base alternative was Dot the same throughout the analysis, and therefore 

the method of comparison changed throughout the analysis. For relocations up to 5 it, the 
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lower cost alternative was the breakaway option. After a relocation of 6 it, the relocation 

option was the lower cost alternative (base option). Although the base option changed, the 

final outcome remained the same: the best alternative was the breakaway option. 

11.6 Type 1 Power Pole 

The general site analysis was also used to analyze a second utility installation, the 

Type 1 Power Pole. The results presented in Figures 43, 44, and 45 represent two-lane and 

four-lane roadways. The costs for the alternatives are shown in Table 16. 

11.6.1 Relocation (two-lane undiyjded) 

The results presented in Figure 43 show that a pole relocation of any distance would 

be cost-effective when the ADT is 10000 or larger. When analyzing the 6 ft minimum 

standard, a minimum ADT of approximately 3000 would be required for the relocation to 

be cost-effective. 

The benefit-to-cost ratios are not as high for power poles as for street light poles 

because of the higher costs of the former. The benefit·to-cost ratios do continue to increase, 

however, but at a decreasing rate. There was also no strong indication of an optimum 

minimum lateral offset distance. 

11.6.2 Relocation (four-lane divided) 

The results presented in Figure 44 show that a pole relocation of any distance would 

be cost-effective when an ADT of 13000 or greater exists. When analyzing the 6 ft minimum 

standard, a minimum ADT of approximately 4000 would be required for the relocation to 

be cost-effective. 
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The benefit-to-cost ratios begin to level off for the ADT's of 5000 and 10000 for 

relocation distances up to 10 ft. For the ADT's greater than 10000, the benefit-te-cost 

ratios continue to increase at a decreasing rate. 

11.6.3 Breakaway '!J.pe I Power Poles (IwO-Ianc and four-Ian') 

The results presented in Figure 45 show that it would be cost-effective to convert 

Type I power poles to be breakaway for all ADT's from 5000 to 40000. The benefit-te-cost 

ratios become constant after an ADT of 20000 for the twe-lane roadway. Once again, this 

was due to tbe effect of tbe traffic volume limit of 10000 vehicles per lane. 

11.6.4 Relocalion Ys. Breakaway Cfule I Power Poles) 

The incremental benefit-to-cost ratio analysis procedure was used to compare 

location and breakaway alternatives for ADT's of 10000 and 40000 on a four-lane divided 

roadway. The analysis is shown below. 

ADT = 40000 10000 (4-lane, divided) 

Incremental 
Countermeasure EUAC EUAB lUC lUC 

1.2ftt03ft 173 134 0.77 
Breakaway @ 2 ft 307 1,227 3.99 82 

2.2ftt04ft 173 253 1.46 
Breakaway @ 2 ft 307 1,227 3.99 73 

3. 2 ft to 5 ft 173 354 2.04 
Breakaway @ 2 ft 307 1)27 3.99 65 

4. 2 ft to 6 ft 173 446 258 
Breakaway @ 2 ft 307 1,227 3.99 5.8 

5.2ftt07ft 173 526 3.04 
Breakaway @ 2 ft 307 1)27 3.99 52 

6.2ftt08ft 173 598 3.45 
Breakaway @ 2 ft 307 1)27 3.99 4.7 

7. 2 ft to 9 ft 173 663 3.83 
Breakaway @ 2 ft 307 1,227 3.99 42 

8. 2 ft to 10 ft 173 721 4.16 
Breakaway @ 2 ft 307 1)27 3.99 3.8 
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ADT = 40000 (4-lane, divided) 

Incremental 
Countermeasure EUAC EUAB BLC BLC 

1. 2ftt03ft 173 538 3.12 
Breakaway @ 2 ft 414 4,908 11.86 18.1 

2.2ftt04ft 173 1,014 1.46 
Breakaway @ 2 ft 414 4,908 11.86 16.2 

3.2ftt05ft 173 1,419 2.04 
Breakaway @ 2 ft 414 4,908 11.86 14.5 

4. 2 ft to 6 ft 173 1,784 2.58 
Breakaway @ 2 ft 414 4,908 11.86 13.0 

5. 2 ft to 7 ft 173 2,104 3.04 
Breakaway @ 2 ft 414 4,908 11.86 11.6 

6.2ftt08ft 173 2,395 3.45 
Breakaway @ 2 ft 414 4,908 11.86 10.4 

7. 2 ft to 9 ft 173 2,651 3.83 
Breakaway @ 2 ft 414 4,908 11.86 9.4 

8.2fttolOft 173 2,885 4.16 
Breakaway @ 2 ft 414 4,908 11.86 8.4 

The incremental benefit-ta-cost ratio analysis contrasted the relocation and 

breakaway countermeasures. The lowest cost alternative was the basis for the comparison. 

IT the countermeasure which was being compared to the base bad a benefit-to-cost ratio 

greater than or equal to 1.0, then the countermeasure with the higber cost was selected. 

The first analysis compared relocation to breakaway at an ADT of 10000. All the 

relocation countermeasures had an EUAC less than the breakaway countermeasure; 

therefore, the relocation countermeasures were selected as the base alternatives. When 

comparing the higher cost alternative (breakaway) to the base option, the benefit-to-cost 

ratios were all greater than 1.0. The best alternative was thus the breakaway alternative. 

The second analysis compared relocation to breakaway at an ADT of 40000. It was 

evident that the relocation option was the base alternative. The analysis indicated that the 

breakaway option was the better alternative when compared to relocation of various offsets. 
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11.7 Type 2 Power Poles 

The third utility installation which was analyzed using the general site aoalysis was 

the Type 2 Power pole. The results presented in Figures 46 aod 47 represent two·laoe and 

four·laoe roadways. The costs for the alternatives are shown in Table 16. 

11.7.1 Relocation (IWO-Iane undiyjded) 

The results of the benefit·to-cost ratio analysis are presented in Figure 46. For a cost­

effective countermeasure with ADT's from S()(X) to 40000, it was evident that a relocation 

of 8 ft or greater would have to be implemented. When aoalyzing the 6 ft minimum 

staodard, a minimum ADT of approximately 6000 would be required for the relocation to 

be cost-effective. The curves increase at a decreasing rate, and the benefit-to-cost ratios 

begin to level off only at a low ADT, such as 5000 or less. Therefore, no optimum lateral 

obstacle offset distance was indicated. 

11.7.2 Relocation (four-lane divided) 

The results of the benefit-to-cost ratio aoalysis are presented in Figure 47. For a cost· 

effective countermeasure with ADT's from 5000 to 40000, it was evident that a relocation 

of 10 ft or greater would have to be implemented. When aoalyzing the 6 ft minimum 

standard, a minimum ADT of approximately 8000 would be required for the relocation to 

be cost-effective. The curves increase at a decreasing rate and the benefit-to-cost ratios 

begin to level off only at a low ADT, such as 5000 to 10000. Thus, the maximum effective 

lateral offset distaoce would be approximately 10 ft. 
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11.8 Type 3 Power Poles 

The fourth utility installation which was analyzed was the Type 3 Power Pole. The 

results presented in Figures 48 and 49 represent two-lane and four-lane roadways. The costs 

for the alternatives are shown in Table 16. 

11.8.1 Relocation (two-lane undivided) 

The results of the benefit-t<H:ost ratio analysis are presented in Figure 48. When 

analyzing the 6 ft minimum standard, a minimum ADT of approximately 15000 would be 

required for the relocation to be cost-effective. It was evident for relocations of 10 ft that 

an ADT of approximately 9000 or greater would be required. Thus, low ADTs do not 

provide good conditions necessary for a cost-effective relocation. One should note that the 

benefit-to-cost ratios increase at a decreasing rate, but only the lower ADT's, such as 10000, 

show that a maximum effective lateral offset exists at approximately 10 ft. 

11.8.2 Relocation (four-lane divided) 

The results of the benefit-te-cost ratio analysis are presented in Figure 49. When 

analyzing the 6 ft minimum standard, a minimum ADT of approximately 20000 would be 

required for the relocation to be cost-effective. It was evident for relocations of 10 ft that 

an ADT of approximately 12000 or greater would be required. Thus, low ADTs do not 

provide good conditions necessary for a cost-effective relocation. One should note that the 

benefit-ta-cost ratios increase at a decreasing rate. but only the lower ADTs show a 

significant leveling off as the lateral offset distance increases. 
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11.9 Type 4 Power Poles 

The fifth utility installation which was analyzed was the Type 4 Power Pole. The 

results presented in Figures 50 and 51 represent two-lane and four·lane roadways. The costs 

for the alternatives are shown in Table 16. 

11.9.1 Relocation (two-Iane undivided) 

The results of the benefit-to-cost ratio analysis are presented in Figure 50. When 

analyzing the 6 ft minimum standard, it would not be cost-effective to relocate the power 

pole for any of the ADTs (5000, 10000, 20000, 30000, or 40000). It was evident for 

relocations of 10 ft that an ADT of approximately 16000 or greater would be required. Once 

again, the low ADTs do not provide good conditions necessary for a cost-effective 

relocation. The benefit-ta-cost ratios continue to increase at a decreasing rate. 

11.9.2 Relocation (four-lane divided) 

The results of the benefit-to-cost ratio analysis are presented in Figure 51. When 

analyzing the 6 ft minimum standard, a minimum ADT of approximately 34000 would be 

required for the relocation to be cost-effective. It was evident for relocations of 10 ft that 

an ADT of approximately 21000 or greater would be required. Thus, low ADTs do not 

provide good conditions necessary for a cost-effective relocation. The benefit-to-cost ratios 

continue to increase at a decreasing rate. The curves also show the benefit-ta-cost ratios 

leveling off at approximately 10 ft. 
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11.10 Type 5 Power Poles 

The sixth and final utility pole installation analyzed was the Type 5 Power Pole. The 

results presented in Figures 52 and 53 represent twn-Iane and four-lane roadways. The costs 

for the alternatives are shown in Table 16. 

11.10.1 Relocation (two-lane undjvided) 

The results of the benefit-tn-cost ratio analysis are presented in Figure 52. It would 

not be cost-effective to relocate the power pole for any of the ADTs (5000, 10000, 20000, 

30000, or 400(0) for the 6 it ntinimum standard. It would not be cost-effective to relocate 

the power pole to any location up to 10 it for any of the ADTs previously listed. 

11.10.2 Relocation (four-laue djyjded) 

The results of the benefit-tn-cost ratio analysis are presented in Figure 53. It would 

not be cost-effective to relocate the power pole for any of the ADTs (5000, 10000, 20000, 

30000, or 4()()()() for the 6 ft mjnjmum standard. It would not be cost-effective to relocate 

the power pole to any location up to 10 it for any of the ADTs previously listed. 

11.11 Fire Hydrants 

The last utility installation under investigation using the general site analysis was the 

fire hydrants. The installation and repair costs both rigid aod breakaway fire hydraots was 

S2,OOO. The results of the investigation are presented in Figures 54, 55, and 56. 
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11.11.1 Relocation (two-lane undivided) 

The results of the benefit-to-cost ratio analysis are presented in Figure 54. From an 

analysis of the 6 ft minimum standard, it would be cost-effective to relocate the fire hydrant 

for ADTs greater than or equal to 3000. For low ADTs, such as 5000, it would only be 

cost-effective to relocate the fire hydrant to a lateral offset distance of 5 ft or greater. The 

benefit-ta-cost ratio curves increase at a constant rate and did not indicate a adequate 

minimum lateral offset distance. 

11.11.2 RelOcation (four-lane divided) 

The results of the benefit-ta-cost ratio analysis are presented in Figure 55. From an 

analysis of the 6 ft minimum standard, it would be cost-effective to relocate the fire hydrant 

for ADTs greater than or equal to 5000. For low ADTs, such as 5000 and 10000, the 

benefit-ta-cost ratios reach a maximum at approximately 10 ft. Thus, the increase in benefit 

was negligible for the increase in lateral offset distance. For high ADTs, such as 20000, 

30000, and 40000, the benefit-ta-cost ratios continued to increase at a increasing rate. 

11.11.3 Breakaway Fire Hydrants (two-lane and four-lane) 

The results of the benefit-to-cost ratio analysi are presented in Figure 56. For both 

two-lane and four-lane roadways, it was evident that it would be cost-effective to convert a 

rigid fire hydrant to become breakaway for ADTs of 5000, 10000,20000, 30000, and 40000. 

11.11.4 Relocation Vs, Breakaway (Fire HydranlS) 

The incremental benefit-ta-cost ratio analysis procedure was used to compare the 

relocation alternatives to the breakaway alternative. This analysis was necessary because 

both of the countermeasures proved to be cost-effective. The procedure was used to 

determine the location at which breakaway would be more cost-effective than relocation and 
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vice versa. The comparison was performed using ADT's of t()()()() and 40000 on a four-lane 

divided roadway. The analysis shown below indicates that it would be more cost-effective 

to convert the existing fire hydrants to a breakaway installation rather than to relocate an 

existing installation. 

ADT = 10000 (4-1ane, divided) 
Incremental 

Countermeasure EUAC EUAB IlLC IlLC 

1.2£1t03£1 199 134 0.67 
Breakaway @ 2 £1 204 1,227 6.02 218.6 

2.2£1t04£1 194 253 131 
Breakaway @ 2 £1 204 1,227 6.02 97.4 

3. 2 £1 to 5 £1 190 354 1.86 
Breakaway @ 2 ft 204 1,227 6.02 62.4 

4. 2 £1 to 6 £1 186 446 2.39 
Breakaway @ 2 £1 204 1,227 6.02 43.4 

5. 2 £1 to 7 £1 182 526 2.89 
Breakaway @ 2 £1 204 1,227 6.02 31.9 

6.2£1t08£1 180 598 3.32 
Breakaway @ 2 £1 204 1,227 6.02 26.2 

7. 2 £1 to 9 £1 177 663 3.74 
Breakaway @ 2 £1 204 1,227 6.02 20.9 

8.2£1to1O£1 174 721 4.14 
Breakaway @ 2 £1 204 1,227 6.02 16.9 
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ADT = 40000 (4-1ane, divided) 
Incremental 

Countermeasure EUAC EUAB l!LC l!LC 

1.2itt03it 182 538 2.95 
Breakaway @ 2 it 204 4,908 24.05 198.6 

2.2itt04it 163 1,014 6.22 
Breakaway @ 2 it 204 4,908 24.05 95.0 

3. 2 it to 5 it 146 1,419 9.72 
Breakaway @ 2 it 204 4,908 24.05 60.2 

4. 2 it to 6 it 131 1,784 13.62 
Breakaway @ 2 it 204 4,908 24.05 42.8 

5. 2 it to 7 it 118 2,104 17.83 
Breakaway @ 2 it 204 4,908 24.05 32.6 

6.2itt08it 106 2,395 22.59 
Breakaway @ 2 it 204 4,908 24.05 25.6 

7. 2 it to 9 it 96 2,651 27.62 
Breakaway @ 2 it 204 4,908 24.05 20.9 

8. 2 it to 10 it 86 2,885 33.55 
Breakaway @ 2 it 204 4,908 24.05 17.1 
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12 'ROADSIDE' SPECIFIC SITE ANALYSES 

The one exception to the general site analysis approach was the analysis of the 

Wayne gas installation located in Wayne, Nebraska. The installation was located along the 

section of municipal highway at Site #2 which was analyzed in the multiple utility 

installation analysis using "VPACE'. 

The Wayne gas installation was used in this study, because it was an example of a 

single utility installation. The Nebraska Department of Roads (NDOR) requested that the 

safety improvement project implemented on the gas installation be analyzed from a cost­

effectiveness point of view. The methodology used to evaluate the installation was the 

'ROADSIDE' computer model. 

Before the safety improvement was implemented, the NDOR suggested various 

options which could be implemented. The suggested options, along with six other 

alternatives, were analyzed in a similar manner to the general site analysis. 

One of the two options NDOR suggested was implemented in the field; the seven 

other alternatives and the actual safety improvements, were analyzed with a benefit-to-cost 

ratio analysis. The actual safety improvement and the other alternatives are described in the 

following section. The results of the analyses are also provided. Photographs of the original 

''before'' and actual 'final' installations are shown in Figure 57. 

12.1 Wayne Gas Installation 

12.1.1 Description of Countermeasures 

The safety improvement options which were used in the evaluation process are as 

follows: 
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(1) Reinforcement of the existing barrier 
(2) Construction of a new barrier using the 6 ft lateral offset 
(3) Relocation of original gas installation to 7 ft offset 
(4) Relocation of original gas installation to 8 ft offset 
(5) Relocation of original gas installation to 9 ft offset 
(6) Relocation of original gas installation to 10 ft offset 
(7) Relocation of original gas installation to 30 ft offset 
(8) Relocation of original gas installation to 50 ft offset 

Options 1 and 2 were proposed by Peoples Natural Gas Company. The NDOR 

suggested that option 2 be implemented so that the 6 ft lateral offset distance could be 

maintained. Ultimately, option 1 was implemented in the field. These two options were 

viewed more feasible by Peoples Natural Gas Company due to the high costs necessary to 

remove and relocate the entire gas installation and barrier. 

Options 3 through 6 were evaluated for comparison of relocating the installation to 

various increased lateral offsets. Options 7 and 8 were evaluated for the purpose of 

determining the effects of the gas installation being removed and relocated to a distant area. 

12.1.2 "ROADSIDE" Computer Model IlljIuts 

The first step of the analysis was to run the original case or do-nothing alternative 

in order to provide a base option against which to compare the new alternatives. The global 

values and the variable input values for this scenario are shown below: 

Global Values 
Fatality . . ....... .... . ... . ... . . . . . . . . . . . . . . . . . . . . . . . .. Sl,500,OOO 
Severe Personal Injury ... . . • .. . . ... ... . ...... . . . . . .... . . . S110,OOO 
Moderate Personal Injury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $11,000 
Slight Personal Injury . . . . . . . . . . .. . . . . . . . • . . . . . . . . . . . . . . . S3,OOO 
Property Damage Only (Level 2) ... . ....... . . .. . .• . . .. . . . .. S3,OOO 
Property Damage Only (Levell) . . ........... . ... . . . ....... S500 
Encroachment Rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.00133 

(encroacbments/mile/year/vpd) 
Encroachment Angle at 40 mph ........... ... ... . .. •• . .... 17.2 degrees 
Limiting Traffic Volume/Lane ..... . .. . .... ... .. . . ...•. . . .. 10,000 vpd 
Swath Width . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 feet 
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The variable data inputs that remain constant are as follows: 

Traffic Volume . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 5,480 
Roadway Type ........................•....... Undivided, Two-Lane 
Lane Width ...............•....•.•.................... 15 feet 
Roadway Curvature •. .... ...•...•.•.•.. .... ... ... ....... 0 degrees 
Roadway Grade ........•..••........................... 0 degrees 
User Adjustment Factor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0 
Design Speed .. . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 40 mph 
Hazard Offset From Curb .................. : . . . • . . . . . . • . . . . 5 feet 
Hazard Length . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 5 feet 
Hazard Width .... . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . . 8 feet 
Severity Index: 

Sides .......................................... . 
Comers ........ . ...... .....•..... . . .... .. ....... 
Face ......................................... . 

Project Life ............... _ .................•......... 
Discount Rate ........................................ . 
Traffic Growth Rate (TGR) ... . ......•.................... 
Salvage Value ................ .................. ...... . 

3.8 
3.8 
3.8 

20 years 
8% 
2% 

SO 

Only a small number of inputs were to be varied to analyze the eight 

countermeasures. The description of the roadside hazard (hazard offset distance, hazard 

length, and hazard width) and installation costs would change for the different 

countermeasures. The variable inputs are listed below: 

Offset Hazard Hazard Installation 
Distance Length Width Cost 

Count,rm,asUI' !fi) !fi) !fi) ill 
I' 4' 7' 9' 4,268' 

2 6 5 9 4,268 
3 7 5 9 30,000 

4 8 5 9 30,000 

5 9 5 9 30,000 

6 10 5 9 30,000 

7 30 5 9 30,000 

8 50 5 9 30,000 
, - actual case implemented in the field 
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The costs for relocation and construction of the installations were obtained from 

Peoples Natural Gas Company. The dimensions of the existing safety improvement were 

obtained from a field site visit, while the original installation dimensions were obtained from 

!be NDOR. 

12.1.3 Results of !be Computer Analyses 

The option which showed the least desirable results was option 1, as shown in Figure 

58. 1bis option was implemented in the field. The negative results are not surprising, since 

the installation was moved closer to the roadway while at the same time the hazard size 

increased because of a larger protection barrier. This was why the benefit-to--cost ratio was 

calculated to be negative. 

One benefit that was not considered in the analysis was the prevention of a possible 

hazardous situation due to an disastrous encroachment into the gas installation. The stronger 

system may be able to prevent an explosion or severe gas leak more than the original 

weaker system. 

Option 2 was !be relocation of the barrier to comply with !be 6 ft minimum standard. 

It was evident that this option would not have been cost-effective. Option 3, 4, 5, and ·6 also 

show to be poor alternatives from a cost-effectiveness perspective. They represent a 

relocation to a final lateral offset of 7 ft, 8 ft, 9 ft, and 10 ft, respectively. 

Options 7 and 8 represent !be relocation of !be gas installation to 30 ft and 50 ft 

offsets, respectively. It was evident that both of these options produced benefit-to-cost ratios 

greater !ban 1.0. 
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This may suggest that either one of these options would be desireble. However, the 

model did not consider the possibility of striking a fixed object, such as a house, when the 

gas installation would be relocated to some large lateral offset, i.e., in an alley or in the next 

block perpendicular from the roadway. Since moving the installation 30 it or 50 it from the 

roadway does not seem reasonable, a evaluation should be made using the logical 

alternatives. These included a relocation of the original appurtenance to a lateral offset 

between 6 it and 10 it at 1 it increments. 

When reviewing the 5 relocation aitematives (6 it - 10 it), the best aitemative would 

be the relocation of the installation to 10 it, even though the benefit-ta-cost ratio is less than 

1.0. Following the increasing trend shown in Figure 57, it was evident that at approximately 

12 it the benefit-ta-cost ratio would be 1.0 or greater. Since the use of a breakaway type 

barrier would be very unrealistic in this situation, a relocation of any distance would be a 

safety improvement. 
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13 CONCLUSIONS AND RECOMMENDATIONS 

It should be noted that the general site analyses were performed to reflect the 

possible safety improvements in an urban location in Nebraska. Three types of single utility 

installations, light poles, power poles, and fire hydrants, were analyzed to determine cost­

effective safety improvements which consist of relocation or a breakaway conversion. 

Many of the major computer inputs were based upon information supplied from 

various utility companies. This includes the typical locations (lateral offsets), relocation costs, 

maintenance costs, repair costs, and breakaway conversion costs. 

The specific site analysis was performed to evaluate an actual case which was 

implemented in the field. It can be used as valuable resource information when making 

future decisions on safety improvements. If any information was gained from the site specific 

analysis, it was that it would be necessary to perform a cost-effectiveness analysis when 

considering improving such an installation. 

The conclusions from the general site and specific site analyses could be used as a 

guide for determining whether a single utility countermeasure of the above mentioned 

installations should be implemented. The results provided information on cost-effective 

countermeasures, i.e., relocation and breakaway, to various types of single utility 

installations. If ao actual project was seriously being considered for implementation, it would 

be recommended that actual field data be used in the computer analysis. It should be noted 

that there was no inclusion in the benefit-to-cost ratio analyses for the purchase of 

additional right-of-way. 
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14 REIMBURSEMENT POUCIES TO UTILITIES 

14.1 Objective 

The purpose of this task was to get a better ul1dt"fstanding for other States' laws and 

policies covering reimbursement to utilities invohed in highway construction. A 

reimbursement literature review is included for reference in Appendix P. 

14.2 Scope 

In order to obtain the reimbursement policies of other states, a letter was sent to 

each of the State Highway Departments requesting them to complete the questionnaire 

which accompanied the letter. A copy of the cover letter and questionnaire are included in 

Appendix Q. 

14.3 Questionl1~ire Summary 

The second questionnaire, referred to as QUESTIONNAIRE #2, was entitled, 

"UTILITY REIMBURSEMENT POLICY FOR IDGHWAY CONSTRUcnON 

LOCATIONS." The results of the responses for this questionnaire are presented in Table 

18. A summary of the responses jn':!uded in Table 18 are provided in Table 19 and Table 

20. Fifty of 51 receipients responded to the questionnaire. A discussion of the questions and 

the States' responses to the questions is provided at this time. Please refer to Appendix Q 

for a review of the questions. 
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TABLE 19 

Summary of Questionnaire #2 Responses 

QUESrION RESPONSES 
NO. 

YES NO SUBTOTAL BLANK TOTAL 

1 50(1005<) 0(05<) SO 0 so 

2' - - - - -
3 49.5(995<) 0.5(15<) SO 0 SO 

4 49.5(995<) 0.5(15<) SO 0 SO 

4(.)1 - - - - -
4(b) 7(145<) 43(86 5<) SO 0 SO 

4(bX1)' - - - - -
5 23(48.95<) 24(SJ.J 5<) 47 3 SO 

6 17.5(35.75<) 31.5(64.35<) 49 1 SO 

7 49(985<) 1(25<) SO 0 SO 

8 8.5(175<) 41.5(835<) SO 0 SO 

9 10(20.4 5<) 39(79.65<) 49 1 SO 

10 20(405<) 30(605<) SO 0 SO 

11 8.5(175<) 4J.S(835<) SO 0 SO 

12 50(05<) 0(05<) SO 0 SO 

13 20(40.85<) 29(59.25<) 49 1 SO 

14 16(325<) 34(685<) SO 0 SO 

IS 24.5(49"') 25.5(515<) SO 0 SO 

16 46(925<) 4(85<) SO 0 SO 

17 35(71.4%) 14(28.6%) 49 1 SO 

18 26.5(54.15<) 22.5(45.9"') 49 1 SO 

19 17(34.75<) 32(65.35<) 49 1 SO 

1 • aee Table 20 
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TABLE 20 

Summary of Questionnaire 12 Responses (Continued) 

QUESTION 
NO. RESPONSES 

2 State Law 41 
I..ocal Ordi.nance 0 
Franchise Aarcement 1 
Other 4 (Case Law, Cowt Rulioa and 
Administrative Rule, Federal 
Requirements, 
Hiibway Commissioa) 

4(,) <20" 9 (I''') 
20-4<l" 5 (10") 
4().6()" 6 (Ia) 
6().8O" 18 (36") 
>80% 12 (24%) 

4(b)(I) $500.000 2sta ... 
$100.000 3sta ... 
$50.000 I "'Ie 
$25.000 1_ 

Avenie Cost R.ua:e "'" $196,429 

Question #1: 

The purpose of this question was to determine how many states currently have a 

policy for reimbursement of relocation costs to utilities during highway construction. Of the 

50 stales which responded 10 this question. all 50 (100%) staleS replied that they currently 

have a specific reimbursement policy as given in Table 19. 

Question #2: 

This question was asked to determine how these reimbursement policies were 

developed and enforced. The questionnaire provided the following choices: (1) State Law, 

(2) Local Ordinance, or (3) Franchise Agreement. Of the 50 returned questionnaires, State 

Law was checked by 47 staleS, Local Ordinance by no staleS, Franchise Agreement by 1 
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state, and 4 states listed some other reason. These answers are presented in Table 20 next 

to ·Other.· 

Question #3: 

This question sought to determine how many states follow the FHW A policy which 

is included in the Federal-Aid Highway Program Manual (FHPM) 6-6-3-1 for detennining 

eligible costs. From Table 19, it was evident that 49.5 (99%) of the 50 states which 

responded to the question use FHW A policy in FHPM 6-6-3-1. A copy of this policy was 

included in Appendix R. 

Question #4: 

This question was asked for the pUI]X>se of verifying whether other states use Federal 

Funds for utility relocations. From Table 19, it was shown that all 50 (100%) of the states 

which responded to the questionnaire use Federal Funds. 

Question 84(a); 

Each state was asked to specify the approximate percentage of reimbursable utility 

costs for which their state uses Federal Funds. From Table 20, it was evident that the 

majority of the states use Federal Funds for reimbursable utility costs. That is,30 (60%) of 

the 50 states which responded use Federal Funds on over 60% of the annual reimbursable 

utility costs, and 12 (24%) of the 50 states which responded use Federal Funds on over 80% 

of the annual reimbursable utility costs. 

Question #4<1»; 

Each state was then asked to state whether cost was a criteria for requesting the use 

of Federal Funds. From Table 19, only 7 (14%) of the 50 states which responded use cost 

as a criteria for obtaining Federal Funds. 
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Question #4(b)(l); 

This question was asked to determine what dollar amount states set when cost was 

a criteria used for pursuing Federal Funds. From Table 20, it was evident that a large range 

of responses, varying from $25,000 to $500,000, were given. The average cost range was 

$196,429 from the responses of the 7 states which responded "YES" to question #4(b). 

Question #5: 

This question was included for the purpose of determining how many states use the 

alternate procedures in FHPM 6-6-3-1 which simplify the processing of utility relocations 

or adjustments. From Table 19, the responses were evenly distributed with 23 (48.9%) of 

the 47 states which responded use the alternate procedures, while 24 (51.1 %) of the 45 

states do not use the alternate procedures. 

Under the alternate procedure, the State Highway Agency (SHA) is to act in the 

relative position of the FHW A Division Administrator for reviewing and approving the 

arrangement, fees, estimates, plans, agreements, and other related matters required by this 

directive as prerequisites for authorizing the utility to proceed with _and complete the work. 

Question #6: 

This question was asked to detennine how many states reimburse utilities for 

relocation costs when the utility facilities are located on public right-<>f-way. From Table 19, 

it was found that 17.5 (35.7%) of the 49 states which responded reimburse utilities located 

on public right-of-way. 

In the absence of statute, the courts have consistently held that a utility must pay the 

costs of relocation when they are required to relocate their facilities while on public right-of­

way due to highway construction or improvements. 
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Question #7: 

This question, along with questions #8 and #9, was asked to determine by what 

means a state allows a utility to locate it facilities in public right-of-way. The method 

addressed by this question was through the issuing of a permit. From Table 19, it was 

evident that 49 (98%) of the 50 states issue permits to utilities. 

Question #8: 

This question, related to questions #7 and #9, asked whether a state grants 

easements to utilities on public right-of-way. From Table 19, it was evident that only 8.5 

(17%) of the 50 states grant easements to utilities. 

An "easement" is defined as an interest in land owned. by another that entitles its 

holder to a specific limited use or enjoyment. It is also referred to as private right-of-way. 

The courts have consistently held that where the utility's facilities are located on private 

property, the highway agency may not compel them to be relocated without paying just 

compensation. 

Question #9: 

This question, related to questions #7 and #8, asked whether a state grants franchise 

rights to utilities on public right-<>f-way. From Table 19, it was evident that only 10 (20.4%) 

of the 49 states grant franchise rights to utilities. A "franchise" is defmed as a special 

privilege conferred by a state on an individual or corporation to do that which a citizen 

cannot do by common right. A franchise usually does not create an interest in the land; 

although. it requires the occupancy of land. 
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QUestion #10: 

This question was asked to determine if a state charges a fee to provide the services 

descril.ed in questions #7, #8, and #9. From Table 19, only 20 (40%) of the 50 states stated 

they charge a fee. Of the states that charge a fee, many responded that it was a minimal fee 

for handling and processing the paperwork. 

QUestion #11; 

This question asked whether a state's reimbursement policy differed for various types 

of utilities (i.e. electric power, telephone, pipeline, or eable tv) . From Table 19, it was 

evident that only 8.5 (17 %) of the 50 states had differences in their policie., . As stated in the 

reimbursement policy literature review by Thomas ~. a government may not discriminate 

unfairly among utilities, and any distinction between utilities involving relocation cost or 

reimbursement must have a reasonable, rational basis. 

Ouestion #12: 

This question asked whether a state allows a utility to occupy public right-of-way. As 

given in Table 19, all 50 (100%) of the states which responded allow the utilities to occupy 

public right-of-way. 

Question #13: 

This question was asked to determine whether a state's reimbursement policy varies 

for different roadway classifications. From Table 19, it was evident that 20 (40.8%) of the 

49 states which responded to the questiqn have differences in the reimbursement policy for 

specific roadway classifications. 
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Question #14: 

Each state was asked whether their state had ever encountered an uncooperative 

utility (e.g. which refused to relocate). From Table 19, there were 16 (32 %) of the 50 states 

which indicated they had encountered an uncooperatiye utility. 

Question #15: 

This question asked each state whether they were required to provide advance notice 

of highway construction or improvement projects to utilities. From Table 19, only 24.5 (49%) 

of the 50 states indicated they are required to provide advance notification. Although less 

than 50% of the states are required to provide advance notice to utilities, many of the other 

states indicated that they do provide advance notice of projects because it is just good policy 

to do so. 

Question #16: 

This question was asked to detennine jf states allow the utilities to relocate their 

facilities while the highway construction or improvement project was taking place. As given 

in Table 19,46 (92%) of the 50 states indicated they allow concurrent utility relocation and 

highway construction or improvements. 

Question #17; 

Each state was then asked whether their state had a state-wide 1-Call system for the 

location of utilities. From Table 19,35 (71.4%) of the 49 states indicated they currently have 

such a system. It should be noted that, although only 35 states have a state-wide system, 

other states may have a 1-Call system even though it isn't state-wide. 

A I-Call system is usually provided by a private company which offers their service 

for a fee. When a call is placed to this company, they will come to the site in question and 
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inform the caller of all the currently placed utilities in the area. Both utilities and the state 

can participate in the system by paying the fee. 

Question #18: 

This Question asked whether each state requires contractors to use the I-Call system. 

As given in Table 19,26.5 (54.1 %) of the 49 states require contractors to use it. 

Question #19: 

The fmal question was directed toward each state's participation in the I-call system. 

Each state was asked whether they participate in it and subsequently support it financially. 

In Table 19, only 17 (34.7%) of the 49 states participate in the I-Call system. 
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June 13, 1989 

The University of Nebraska-Uncoln is currently conducting a research study for the 
Nebraska Department of Roads (NDOR), entitled "Economic and Safety Considerations 
for Establishing Minimum Lateral Obstacle Clearance Policies for Utility Facilities in Urban 
Areas." While the emphasis will be on urban roads, the study will also include rural roads. 

One of tbe research tasks is to conduct a review of other states' lateral obstacle clear zone 
policies for utilities. To accomplish this task, I would greatly appreciate a copy of your 
state's Minimum Design Standards for all roadway functional classifications (rural and 
urban). Two examples (Figures 1 and 2) from a Nebraska document, "New and 
Reconstructed Municipal State Highways" and "Municipal Streets", are enclosed. 

Please indicate the references for any Cost-Effectiveness or Bendlt-Cost computer models 
used in establishing any of the minimum design standards in your state. The FHWA (IP-
86-14) computer model, entitled "Utility Pole Accident Countermeasures Evaluation 
(UPACE)" will be used to assist in reviewing policies in Nebraska. 

One area of concern in Nebraska is establishing dear zone policies on Municipal Streets 
where fixed objects such as trees are present. To gain further insight into the issue of fixed 
objects along municipal streets, I would also greatly appreciate your completing the enclosed 
"Questionnaire". 

I would like to take this opportunity to thank you in advance for your assistance and time 
in addressing a critical safety problem. 

Respectfully, 

Edward R. Post, Ph.D., P.E. 
Professor 

c.c. Mr. Fred Gunderson 
NDOR Project Manager 

enclosures (3) 



LATERAL OBSTACLE CLEAR ZONE POUCIES 
FOR FIXED OBJECTS 

LOCATED ON MUNICIPAL STREETS 

Nebraska Department of Roads 
University of Nebraska-lincoln 

June 13, 1989 

OUESTIONNAIRE 

State Agency _______________________ _ 

Name of Respondent _____________ _ Title ______ _ 

Address 

Phone 

1. Does your state have a lateral clear zone policy for fIXed objects- such as trees 
located along a curbed municipal street? 

Yes __ (Clear zone from back of curb feet) 

No 

2. Does your state have a lateral clear zone policy for fixed objects such as trees 
located along a non-curhed municipal street? 

Yes __ (Clear zone from edge of driving lane feet) 

No 

3. If you answered yes to either question #1 or #2, does enforcement of your state's 
lateral clear zone policy for ftxed objects such as trees depend on whether a 
concurrent safety improvement project for streets is planned for a given roadway 
section? 

Yes 

No 



4. Would a line of utility poles or luminaires located in a clear zone, and partially 
shielded by trees, be considered for relocation by your state? 

Yes __ [answer parts (a) and (b)] 

No 

(a) Would your state consider using the FHWA "UPACE" computer model to assist 
in your decision? 

Yes 

No 

(b) Describe and/or draw a SK> . illustrate the boundary conditions (limits) in 
which a utility pole would be shiei~, "Y a tree(s). (Optional) 
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NEBRASKA 
Title 428 - BOARD OF PUBLIC ROADS CLASSIFICATIONS AND STANDARDS 

Q\apter 2 - Procedure, for Standlrds {ContinuecH 

001.10 MINIMUM DESIGN STANDARDS - NEW AND RECONSTRUCTED BRIDGES ON MUNICIPAL STATE HIGHWAYS 

111 
NEWBAIOGES AECONSTRUCTEO BRIDGES 

Minimum Minimum 

""ioMI ..... Type of ANd • .., V..-tic .. ANd ... y In_uory 'b'i", V.niul 
FutaCt ..... F~ionIII A<Md .... Width "" ... C ..... _ Width C .... _ 

c.;fution C'-ifiution i!!:tion Ihetl LNdiflt (F .. t! IF"'I OotU.ebIe MiniMUM IF .. tl 

Intenw .. 1n\e,tU" N/A ". HS20t 16.5 ". HS20t HS2<l' 16.0 

Arte, .. e.p,"'_VOf 
""'bod •• HS2() 16.5 •• HS20 H15···· 14.5 MtIor An.i.1 

..... -cu_ ••• HS2() 16J; ••• HS20 H15···· 14.5 

""' .... w ..., Arteri-' Co_ •• HS20 14.S •• HS20 HIS···· 14.5 

..... ~ ••• HS20 14.5 • •• HS20 HI5···· 14.5 

It) AeconItlucted bridglt wI! ...... n eXilting IUuc:tU," 10 be widlned Of remodeled. 

• Oiwidlld roeOMYS. 2 ___ 8Kh Iide . 

BAIDGES TO AEMAIN IN PLACE 

Minim"", 
Aoidw • ., I_tory A"i,., VlN1ictl 

Width C ... ,.-
IF .. t) .,.,. ..... MiniMUM ....!!!!!.I 
3O·tt HS20' HSlOt 16.0 

•• HS20 Hlt;···· lUi ,. HS20 HIS···· 14.S 

•• HS20 HI5···· , .. 
,. HS20 HIS···· , .. 

•• FOt New "''''1' type bridge curb, lhe cl .... 000_v wid,h of bridge ,h.1I be one foot wict.r lhan lhe gutt., II", to gun •• line width of 11M .,ppt'OKh rcMdwaV. FOt Othe, tV"" of bridl' curtM, lhe 
cIHr ,~V width of b,idge ,IMII be two fHt wider IhM 11M lIun.,lin. 10 ",n.,line widlh of the ~0IdI ,000w.V. The gutlef HM is cMlined. being one fOOl inside the beck of the epp,QKh 
,om_., curb. II the app,OKh ,oed_von o",.nd of lhe bridgil i, curtMd end lhe Olhe, end i. non-cUfbMi, Ihen 11M minimum bridge widlh ,hall be lhal which epp!i .. to the cu,bed 8PPI'GKh. 

••• 

•••• , 
tt 

B,idgl ,~., width to be .. me .. Ihill required by 80erd of PubliC: AGids CI."ilicationl Ind SlInd"cb "Siclion 001 .01 Minimum De.lin SlIndII,dt • N_ Ind Reconst,uc:ttd B,idget on RUfl1 
Stilt. H~YI:' 111'" apprGKh ,otd_V on one end 01 the briesg. il cu~d Ind tIM otlMr end II non-curbed, llan 11M minimum b'idft width .hlllI be I'" Cl,jrb-tO<Ufb width. 

Clpecit., il ~\e if 'Iling _IYlil dol. nol .-quire I08d pottinll . !FHWA exception reqyi,td for !eM lhan HS161. 

HSZO or Al*net, Miliury Loedin(l. 

FHWA e~kJn ,.qui," ,Ot'" lhen 42 f"l. 

fIGURE 1 



NEBRASKA 

Titl' 428 - BOARD OF PUBLIC ROADS CLASSIFICATIONS AND STANDARDS 

Chtpt., 2 - PrOCldurn for Sundlrds (Continued) 

001.15 MINIMUM DESIGN STANDAROS - MUNICIPAL STREETS 
, 

(I' II. '20 WI_lit .f LIII.,.1 ..... D .... 1t D., .... M~". ..... Nom_ ..... "'dl.1t Slt ... ld., S ...... d.' OIlIlHI • . ..... 
fII •• d •• )' Yu. H ... , "H' C .. , .. a,.d. •• WI.11t WI.t" WI •• 1t Su.I.cln, CI .. "nc. AccII' DII"n 

CII •• UluU.1t ~ ~ (M"HI 10...1 ~ LI .... ~ .J!!!!l ~ ,1""11 ,,. .. 11 Conh.1 ~ LOIdiftt 

0' ..... A.I"'" • • .. " • 2 .. 0- AI • NIA ... N~. 1"10111 H·20 
R~ul.-.cl 

COII«1or • • .. .. ,. 2 .. N_ • NIA ••• N~. Det!,./)I. N·20 .... , • • .. 30" ,. 2 .. H_ 0 HIA • •• H~. O.lrI/)l. H·20 

NOI., Till IMS HltIo", of AASHO " ... Potky on GIOm'Uk O .. I,n ot Ru •• 1 HI ..... y .... t ... 1M. Odllton of AA'HO "O,om.t,lc Desl,n St.nd.,w for HI,h •• yS Ot .... Ulln .. , ..... yl ... th' l.n 

UI 

'20 
'20 
• 
•• 
••• 

.. ilion of AA!IIMO "A Policy on Desl,n 01 Ur/),ln "'", •• yl .n(l A.t .. I.1 51,NII,., .... d tn ......... 20.1", .. "llOd AASHO pU/)UClllon "" Policy on 0,,1,11 ".IIct.,d., Intlrll.t, , .... t...,I .. 'ho .... 
Do .. loG lor ot .... "'1", c1llorl •• 

"0.1", V .. ," Ma" M y_ of 11111111 COI'lIt,uctlo'" plU, 20 ~, •• 

0.01 _I per toot m."lmum IUptfll."ltloll .... . 

LI ... wi.,,, •• hlll Do lNt.d on m .. 'U' ....... tl t.k ... from ,h. Innormo,t ."h.mlly of cu,b conll"".lIon. S"ou'''' wldlh .h.1I be m ... u"d f.om blck 01 eu,b. 

Dell", ,hili Do bHOd on 250·500 V.P.H. '"' I.n. III .,..1 .. )' .. , whe,. CH'" .nd ' .. 'IIln, ".fllc II wftlcllllll), " .. I to ,~ul"II,.,.1 conl,OI . 

l.Dc:e1 UrN' •• dll C ... 1M 'ICNcOd 10 100 'Nt II comNlibi •• 11" 0 ...... 11 (I"""OIlmont. 

Minimum •• t ... 1 obit.., .. cl .. ,.nc. 10' cu,bed Mellon Ih.1t be 2 1_ ........ w, .. ',om bclck IIC. of cu,o 10 I.ont lac. 01 obille ... MII.,,,,,u,,,, 1111 .. 1 ObIt.e" ~I ... ,anc. '0' nOll..,,,.O.d 'ICUOn ,"~H 
.,. , I_t II m ... u,.d I,om eel", 01 d.lvlnt I~n •• nd 10 ',onl 'IC. 0' Obll.cl •. T,,'fle eont.oI CM'tIcft nlll conlo,m .. UII 1".llall~,dl 01 N'br~lk' Manual 01 Unllo,,,,, T .. "I~ Conuol o. .. lc ...... HI 
.,. aIlO ...... I ... In. 111 ... 1 OblIK'. e, .... ....,. Ion., .ny 0 ..... obllet .... 111 be conlld ... <1 ~n ObltHI •• v 

TtMIM cI-.I", II.ncaorctl ... ,,~ for ...- conlt,vetlon. 

M.nl"" .. "" d.I,n POliCY tor.lI e .... "felllo .... """ 1l1Cf .... ....:lInt or toddln, 0, ._,.bll.nm"'l of ...... U1l1on 0,.11 dl"U''''' ., .... 

AI ..... Impro_tt ""y be m ... to "" .. I local ,~u',omentl. 

curti R.mps for lhe .-ndluPped ..... 11 be Includocl on .11 N_ const,uctlon ,"d RlConst,uetlon of C .. ,bI .n MUllle'p.III1 .. , Resldlllll.1 CO .... opm ... U .nd Slnltory ,"d I""p.ro".""n, OIIl.lel1 blyond Ih. 
Zonlf'll Ju,IMIc:tIOl'l 01 the ..... IIlcllllllll ... ' ... SlClion 001.23). 

FIGURE 2 
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T11Je 428- BOARD OF PUBUC ROADS CLASSIFICATIONS AND STANDARDS 

Chapter 2 - Procedures lor Standards (Continued) 

001 .01 MINIMUM DESIGN STANDARDS- NEW AND RECONSTRUCTED RURAL STATE HIGHWAYS 
131 

lto<IIOftl .. \:~,.. o.a-(II Hal- llala ()) Oootgn 
........ _ 

Nu- L.,.. -tan Ooalgn FuncUOf\M ,..,..,_ Ooalgn v- SpM<j Or- or Wlclth ..... , 
..!.l!lmlll!. C:!llt!l!gllon Ctw!l!g!ll!l Irp!ls !1!.!1!!!... ~ l!ll!!!l!!l IJ!!!!mllm ..halllll ~ tfl!t!l. ..lflt!L 
OAt ..... -- N/A AI 70 3 4 0!• 12 36 

OR:! Meriel bp-yot o.. no OHV ...... I 70 3 3 4 O!v 12 36 ...,_ 
Aollong eo 3.5 4.15 4 O!v 12 36 

DR:I Meriel bp-way ot 330· 750 OHV L- 70 3 2'' 12 None 
lolojatMonol AoiiOftg 60 3.5 4.75 4 2" 12 

c- bp-way ot Lo.-.1 60 35 4.15 5' 2" 12 
lolojatMonol Ron<no 55 35 e u· 2" 12 

OfW Meriel lolojatMirlel 1700· 3000 ADT lo.-.1 70 3 2 12 None 
Aollong 60 35 4.75 4 2 12 

c- La.al 60 u 4.15 5' 2 12 
llolllng 55 35 6.5' 2 12 

OR$ - lolojatMonei 160 • 1700 ADT L- 70 3 3 3 2 12 None 
Rollong 60 3$ 4 75 4 2 12 

c- u. .. 60 35 4.15 5' 2 12 
Aollong 55 15 e e.s· 2 12 

DAI Meriel lolojatMonel 400 · 160 ADT ~ 70 3 3 12 None 
Aollong eo 4$ 4.15 4 12 

ColleciOI l .... 55 4.5 e 5-5' 12 
Aollong 55 4 5 e 1.5' 12 

Dfl7 - ..__ UN* 400ADT L .. ol 70 3 3 12 None 
Aoltong eo 4.75 4.75 4 12 

CalleciDr ~ 55 8 • 5.5' 12 
Aolloog 55 • u· 12 

wJ~~ .. "~ 
(71 (I) 

Lot- ...,_ - ·- ...... I Oloelacla IIOW 
Wlclth "=~' Dlol- c...- Will til -.1!.I!1L ..1f!l!L .....!ftllL ..lfii1L -'t!!l!lll.. 

au, 12 Rl 4 u . 10 Rl 30 35tM 300 ful 

5 u. 10 Rl 3U.eRl 30 30 200 In 
5 u. 10 Rl 3U.iRl 30 30 200 oc:cor-... NOOII 

10 • 30 30 1:10 Cor*olod 
10 I 30 30 1:10 -10 tt 30 30 1:10 "'*Y 
10 It 30 30 1:10 ..... 

s... 
It It 30 30 1:10 Highway 
It tf 30 30 1:10 s..-.. 
It tt 30 30 1:10 ., tt 30 30 1:10 

at tt :10 23 1:10 
et tt :10 23 1:10 
8t tt :10 23 1:10 
It tt :10 23 1:10 

at tt 12 22 IOU 
at tt 12 22 100 
It tt 12 22 100 ,, tt 12 22 100 

4t t ! 12 :10 10 
4t tt 12 :10 10 
4t tt 12 :10 10 
4t tt 12 :10 10 

'-"• The 1814- c1 AASHTO "A POlley on a-oc O.soon c1 Hoohwoys and SUMIS" and N June :10. 1867 revooed MSHO publicatm "A Polocy on Oolflln SUindaiCis, lnllrOUIItl Syilom" ollould be u- lot- ""''R erilena. 

Ill AJI lnt•talat•a •n the S&a .. Func110nal CI&U«fiCAbOn Syslem are .ncluded tn O.t•g.n Num~r DA1 AJI E.1pra11ways and Mapr Arten.ats over 7SO rul\.lre OHV 10 lhe Sllle Fu~k)n.al C~tficaiiOf\ Syatem ere lncJudtd in 0nJgn Number 
OA2 All Eapouwoyo ll>d lolljor MoooaJo ot or belOw 750 IUWtO OHV on one SUllo FuncllOnat CraaoolocotiOft Srllam ore oncluded on Oesoon Numt>e,. OR3 lhrOUQII OR7. 

(21 The O!tOCIOt•S4ele Enoo- cl 110 OajlcltiiMnl cl- 011111 ma'"laon ll1e NIWOI\al Funcuonol CIMiclocaiiOn lolap WI a COI\Iinually curronl llaJUL 

(3( •o...gn y..,- ohal be- cl tMial ConolrUCIIOn pluo :10 YMII. 
(41 0 oe - ,., loot "'""'"'""' _ .... ...., ....... enll<a llall. 
lSI The O.OC1or·S4e• Engo- cl "" ~~ o1 Roat:lo onall maonlaon the Nabruka Proorlly Commorc;ol Syo""" lolap 
161 loole.euroel ~om .,. "'VV cl 110 OtMnQ lane Roadway -lllopeo "'""" lllos dollln« wolf be 6·1 ot noner 
PI ~·=.u~: ~:".::nc. ~ ~~v~ ::-conAn~C::~'::~ ~~~;'~!:!~ ::.~.~·~e::.:!~.:n~alhS:~beb~.:,::: :-~~o,':':! ~l~~~":~~ ~~K;~' :OZ:'c!:~:.:;' J:til':a "C:'= ~~;:;:v~.!:~~:r'~h 
(8) Ro9ftl·ci·Woy - ohOulcl ncM be IMo tN1n INI laquo<OCI lot Ill ... ,.,.,.. cl tne CIOII Mdion ll>d approptiAIA bonier IIIU 

loluomum gt- ohown may be one,.,...,. -.per lot ohcxl longtha lou tllan 500 ,_ 

4 -a - by apecllll """'J. 
t 10 - - on p,..,.., Commofc"" sv-. 
tt I - ~ on Prooro~y Commetc"" Sy....,. 
ttt 30 - - ...,...., eiiMd .. 55 - ,., hoUI 

Wonomum CIOifll" polocy lof Ill-allaH oncludo -no ot raall.lbltonmanl o1 vegeta~on o1 all diaiUtbOCI orou. 

Cull> Rarnpe lot"" Handoc""'*! ohall be oneluded on el Now eon.~ruc:110n ll>d A«onstruc:11011 ol Curbo rn lolunoc •I*•~IL Aeordlnlllll Oovolopmenta and Sonolllry and lmpovemenl 01111rrcta beyoi'CI.,. Zontno Jut\OCIICiion cl thl ..,noclp&l- (S.. 
SociiOn 00 I .23.1 

FIGURE B- 1. MINIMUM DESIGN STANDARDS FOR NEW AND RECONSTRUCTED RURAL 
STATE HIGHWAYS. 



T1t1e 428 - BOARD OF PUBLIC ROADS CLASSIFICATIONS AND ST ANDAADS 

Chapter 2 - Procedures for Standards (Conhn~ed) 

OOt 03 MINIMUM DESIGN STANDARDS- RESURFACIN()~ESTORATION AND 
REHABILITATION (3Rl PROJECTS ON NON-INTERSTATE RURAL STATE HIGHWAYS 

Minimum 
( I I (21 Surteee Wlnlmum Wldlh of 

0.1111" Mufmum tla•lmurn Numbll Lone Shoulder $1\auldlr 
O..ign Y- ..... Curwe Orldl ol Width Wldlh Surllclna 

Tta mc ...!!!!!_ ...!!!8!!!.. ~ L-a ..J!!!!L ..J!!!!L .J!!!!L 
0... 3000 ADT S5 5 EA•I IIng 2 12 g• e· 

1700 - 3000 AOT S5 u.aung 12 6 E..tshng 

400 • 1700 AD T S5 12.25 Ex!Sbng 12 3 EaiSIInQ 

~Jr-. 400 ADT S5 12.25 Exlt.bng 2 11 2 Ex.•sbng 

Extepl .. - - - · ., - -·do 

Ill 
Flaed 

Obt i i CII SIOliPI"II 
Cltlrlnc. Sight 
J!!!!L. Olt tanc.e 

30 

20 

12 

12 

0 06 feei pat too. maa•mum supettlevauon tilt HOI•Lontal cur'V¥:.0 noc ptcwldtng SS m•l• per hOur des.gn speed shall have idvtsory curve and &peed raducll()f"' s.gnr. 

Sectlon 001 .03 Standards do not apply 
to Curbed Urban Highways or Reduced 
Speed Zone Highways 

(51 
• rtdgN IO 

Paulne 1•1 A.ma•n In Pl•c. 
Stvht Fill - ·•r Wkllh 
~ ~ !FIIIJ 
EJUIH"II Exllbnjl """ ExoaHng Ex•sbng 40tlt 

ExJSbng Exllbng 36ttl 

Ex• sUng Ex•oUng 32111 

flj 

121 

131 lne a.st•nce 5/IOwn es tne distance ffom the eoge ol the Clflvlf)g lana. Any obstacle wilh•n tfl1S area musl IJe removed, relocated 01' guard fa!lud, to meet mlntmllm AASHTO gutdettf\415 Uhhty factltttes ext.sltng Wtltun these dt$tances Shall 
bt retoc4li'd • ., I Cc;otd.Ance * 'lh h NOOR •Pot~ey for Accommoctiltmg Ul.ltttle5 on S••ue H.ghw1y R.gfli.5-~·War • Thtrty·SJ• tnch fhued end 5U(IJOOS Of les.s w1U no1 t>u coos~<kued .as Obstecles unlel' lh4ily .,. enctoach.•no oo tne •••Ung 
lhOu~ wtdlf\ , .. F,u stapes wtll be ~o~ied 1n pl11ce f1U 51opes undut 10 feel '" htt•ghl w•ll 001 tequ~re guard ratl pmtechon Ftll alopes 2·1 Of tlartet, 10 to 20 teal 1n hetght and 2!»0 teet ot leu tn ~nglh, Will not requue guard rail f,lfOiee~ SicJpe and 
a.11 combtMoont a~tc...:t.ng anate values may be QUAid ra•led '' wauanhtd by 1 C0.$1-etfiW:ttve anaJy4JS. 

:;n;' ~!;.,;!,:'•O.:Qf~~~~':Y ~~·N::u~o ~~·~:~,:,"8,',~.at:,oa~,~:S:;:r H~~:a~a'!"!,': i:":. '::!d ptS:.C":!~·.:::~~ .. ·:,~ ~:';!~e ~~ ,:~":~ ·~:~": !:~~d :',:.~~ ,::.~ c~~~~c::;,• and S•anoatd• •secuon 
If a 4 ·1ane divided IK IIIty •••a&&. h m~ntmum H'IAOI lhOuk»t width t& 3 leet wJih 2 IHI aurtaced 

An average of one vef\K:et curve pat m •Ae wtll be al1owttd be)Ow ~ m+lt per nour m•n•mum MSHlO stopp.ng IIQhl d11tance, howev..-. no aag vertteal leaa than •o m•l• pet hout and Cfltl wel'\le&l t.low 4& mi .. per hewr wtll be alk)wed, 

M a .. erage of twO v~ c~• pet mt.le w.U be aHO*~ beto'* SS m1t.e per hour m1n1m1..1m MSHTO &topping ltghl cuatance. I\OWIVef, no aa.g Ytr11cal teas than 35 m•ll pet hOur and crea1 Y~al below 40 m11t per hOur will be alk)w.O. 

40 ""• pet now kw cr• ..,.tbtl l curvet and lluaa.ng condtttona •cw *-U "•n.K:t l curve•. 

II J i - - lor • • ..,_ dlvocled. 

111 44 -don Pnor~~y Commorc.., Syllom 

M•A~mum dls,gn pohc:y anal lnCh..cle aeeong 01 SOdCIIng or rHS&Abhsnment Of vegetauon of aN d4sturbed arta.s 

Cull:l A•mp1 tOt tne Handcapped lhaft be tncluded on all New Conattuellon and Aecon.suuct•on m Curb& tn Munec•~IIUII, AesJdenbat O.ve~nt5 and S.n.tary and lmpiO\Iement D•sVJCll beyond the Zorung Jurisdiction of the Mumctpa.lrlles. (See 
SocbOII 00L231 

Tt'll AbOve m•n•mum Sllndards. do not apply lO an tntenm type sutfece tepa1t perlotmed on 1 highway segment progr3mmed kM' tec.onsttucbon. lnNtnm f8p8.1fl I• nYmmal thiC:kneu ol resurtactng only) moy be ntCIS&aty 10 ptO'Itde COI\bt\Ued Mt'\"'teablalty 
00 N 0 I .... Ung P<>bfc 1>'101 10 llle ~loCI ,...,OIIucbon 

FIGURE B-2. MINIMUM DESIGN STANDARDS FOR RESURFACING , RESTORATION, AND 
REHABILITATION (3R) PROJECTS ON RUFAL STATE HIGHWAYS. 



Tille 428 - BOARD OF PUBLIC ROADS CLASSIFICATIONS AND STANDARDS 

Chapter 2 - Procedures for Standards (Continued) 

001 04 MINIMUM DESIGN STANDARDS- SCENIC- RECREATION- RURAL STATE HIGHWAYS 

(I) (2 ) 
OeoJgn Yeat Oealgn .... ,mum llla•lmum NumM r La.ne M.cllan Shoulder 

Traff•c O.••t n s..- Curwt Or edt or Width Wl<llh Width 
IUtOt A.rteria.J Humber MPH Oell•ao Perc;.ent Lane• (faol) (Faoll (fM I) 

Ova< 7~ OHV DIU 65 H 4"' tSpec•aJ 12 36 Ulttmatd 6 ll, 10 AI 
Study) d Aequ~red 10 on 2 lane 

2 Mm~mum 

7~-400 Drill OA4 65 3S 4 "' 12 Nono 10 

400 • 200 OHV DRS 60' 35 ... 2 12 None 8 

1100 - 8~ AOT OA6 ss· 45 4 5" 2 12 None 6 

Unoa< ~ ADT OR7 ~ 10 1" 2 II"' None 

ko4e 1~ .011()(1 of M SHTO •A POIK:y on GeometriC Oes•on ot H.gnways •nd Sueets• SJ'\OUid be used lOr otn.r oestgn cutena 

I' I •o.tiQil Yta,- 11\1 11 be year ol V'ldtl l constt~'I*On plus 20 ytillS 

121 0 08 '"' "'*' 10011 maJ-III'Iu.tn superale" I IIOn raw 

Wldl~ ol 
Shoulder 
Surt• clng 

~ 

4li ,8A1 
8 on 2 Lane 

Nono 

Nono 

Non. 

None 

Section 001 .04 Standards may be 
used only for Approv"d Functionally 
Classified Scenic - Recreation Roads 

(3) (4) 
La t.,.. Normal 

Oba lac lto Oaalgn 
Clt atance ROW Wldlh Ace••• 

(Faot) (F .. I) CCNihol 

Oealt- MinimuM 

30 12 200(4Lonel In ........... 
120 12 Lene With NOOA Con· 

trolled Accen 
Poltcy 10 IM 

$IIIlo Hogh••Y 
30 12 120 System 

20 10 120 

12 e 100 

12 e ao 

Cl1 Me•s.uteo c•••tancaa are from tne e<19e or p.avament t~ oes..table cs.mvnS-~ons mav be reduced to the m1n.1mum fate~al cJ&atances wheflftver d 1s 001 teaslbla to meet the spec-1f*f de&lllbte late.ral c~arances Tt1ft1C may be tw"OlK-18<J 
,.c,.m oosuet•_. wdl\ ~·to tl tl *,." des,,at»Je. bl.i4 guard '"'' m•y be ddletoo '' c.onslder~ mote hlltt~rdoua than tnt Obst~lv S.gns. t•g.hl s1andatds ,.nd s•m•lar QC)J~I$ m.a~ be ptCWKiect w11h tu•akaway bases and mar then oe pLactO 
1(154e Of 1ne m.n.,mum 111erat cteat anc• 

t"J Rq'li&·~·W•r ..all\ should nol be leu than that tequ~red tOt an 11emen11 ol 1~ cr061 sec;lJon and appropr1a11 bofder araa.s. 

o..s.gn ·~ 65 m.w pre~ hOul aact pt '" tod.ng r.tHa.n. 

lP\a m~o~tmum QfiGtl ma,. be I ()ttctnt ll18PI.f '" shon sectiOns Its$ than 500 lett '"' 1eng1t\, Of one·wa~ CIO'Nngrlde• for 8JIIIema case5, •t some underp.ss and bftdQe app~oaches. a~ grades 101 r•n"ely anon '-ngrtna may 
c. conJ.O.red tFOt tOMwars """' oea~gn numbtls DA!a and OA6, ~V""'"" gtaOes may be 2 percent stHpeq 

12 leal lana widen dasuabll. 

A m.n.mum 5 lett nAt bOftOtn 0•1Cft ma~ be u..s.ed .man envtronmen~t con.s.cttrattOns wauan• BaekstocMts may be vau.ed 10 f1t C.ondtUons 

M.n..mum oai.gn pohcy tor •II ctatSd-c•ttOOI ~all •nch.tOe seedlno or rMslabl•shmenl of vegetal-on of •U d•.strubed areas. 

M tn.mum oes.gn \l• ncl•ros w•ch4n tne racraabonal atel shaU be eon••saena wttn the estabhshad speed l•m•ts (•f It has been •educed hom 55 m•'es per howl a.nd Ul8 'opooraphy and us• o1 tt\e f&cillfY Oes.gn may be to e•thet urban or ruralttandards 
O.Pind~9 upon me ,.,, .. n tonckhons 

Spe.a f•f'f\111> es•aohsne<l for tnesa rou•s snail be tnosa as oatermanea UVou9h •n engtn.eeung anatyill ~ the area by the Oepanmeru o1 Roacss 

E.fton s,n.a~ be m~ 10 pti.Uf\11 t~ natyral envMonment kJ U\e ealent gosslbte wtthov1 comp~om•5.tng the saJety ~ those u&tng lhe I&C'II1ty. &I the speed lirn1ts thai apply 

C "''D Ramp• tOI tnt Manchtlpe:Mtd li\aJI be tnciUdtd on &It New Cons.tfucllon and Reconitruchon o4 Curbs m MuniCtP'I•hes, RosldentJaJ De'lelopment.s and S•rutary and Improvement Dlstncts beyond «he Zorong JuflsdKIIon of tho Mumclp.At•tits {See 
S.Co.on 001 231 

FIGURE B-3 . MINIMUM DESIGN STANDARDS FOR SCENIC- RECREATION- RURAL STATE 
HIGHWAYS . 



T•lle 428 - BOARD OF PUBLIC ROADS CLASSIFICATIONS AND STANDARDS 

Chapler 2 - Procedures for Standards (Conlinued) 

001 12 MINIMUM DESIGN STANDARDS- NEW AND RECONSTRUCTED MUNICIPAL STATE HIGHWAYS 

(I) (I) 12) 
u.ne 

Wklth of 
Ha uonal ••••• T~pe ol Oeatgft O.olgn Maslmum HoriJoru .. Humber lhouldet Shoulder 

fuftcttol\a,l 'unclloftal """dway v •• , s,....s Grade CutVe of Wlcllh _,., Wldlh Sulfadnt 
CIOUIIICOiloft C-lloft ~ ~ MPH ~ ~ ..!:!!!!.!_ ('-el} ~ J!!!!.L (FM tl 

,,., .. \Ue tneetM&te I\IA 50 .70 3-5 3·8.75 12 V11loble IIU, t2 ~. 4U., 10 ~.-·· 

Anehal e., ...... )' 01 Cutbocl 40 ·60" 5·7 475 -t9 2 tl·12'" Varloble NtA NIA .. _ ""-t•al 

Non-Curbocl 40 · 60" 6·7 4 75 ·Ill 2 II • 12 Vanable 4 · It I " " 

COIIeetot .._All ..... Curbed 40 · 60" 7 ·II 11.75-tll 2 11 ·12'" 0 N/A HI A 

Non·Culbocl 40·60" 7 • II 6.75 ·Ill 2 II· 12 0 4 · It I " " 

Noce Tne 1984 e<111oon o1 AASHTO "A Polocy on Geoma111c Desogn ol H•ghways and Sueets• and lhe June 20, 19117, revosed AASHO pubhcahon "A Pohcy on Des•gn Standards, lnlarstaiAI Syslem• thould be used to dele<mone 
"'"''" vAiual "'''h•n 11\e ranv• ' hsteo aoove are su~aole toe lhe c0<\d11Jons present on IndiVIdual pro)eclf Tnese lwo pubflcaiiOns should also be used lot ochel desogn cnlena noc hsled. 

PI Th<l upper lomols ol these values should only be used tn unusual corcums1ances The lower hm•ts ol 11\ese values should bo regarded as des11able 

121 Tl>e actual n~;mber ol lanes · lor des•gn shall be based on a capacoty analys" uSiflll des•gn year ~allrc and lhe seleeled level ol se,oce to be oblaoned. 

Use deSJII" houri~ volu,. (DHVI pro,eeled 10 20 ytaiS hom year ol 1nohal consltuctoon. 

FHWA axceptoot~ oequ11ed lor loti lhan 40 m•la per hour The des•gn speed mull be equal to or greater lh8n ltle posted speed lrmol 

These values do noc oncl<lde wdll o1 cutb or curb OlfseL 

II on Pnortly Commercial Syllll"'-

10 IHI II on Pnoroty Com....,coel Sy11em. 

M•n•mum lareral oostacle clearance lor lntersl••• ahall be 30 leal lrom edge o1 dr•vinv lane. M•mmum laleral obstacle clearance lor CUI'bed Aneflals and Colleelocs shall be 6 leel from beck ol curt>. M1nim.,., lo1erat obstacle clearance 
lOt non-curoeCI Anet•alt and CoJiaclors ,.,., potlld speeds ol 45 m•les per hour 0< lower shall be 15 leal from edge o1 drlvong tane Monomum laleral ob51acle clearances lor non-curbed Arteroals and COIIeclora wrlh posled speeds 
oJ SO motes per nour or greewor tnalf be most l•tted '" lhe Board o1 PubliC Aoads Classofocaloons and Slandard• "Secbon 001 01 Monomum Des1gn Standards- New and Aeeonsllucled Aural State Hognways • Any ODSiatlo w•U11n 
mose c•u1 areas mull be removed, relocaled, 0< be 5hoelded by 1 lraftoc Dallier, unless a cost- effechve analySis sl\ows that a lesser ot no healmtJnl •s wauanted Th•IIY·••• mch 0< smaller llarotd end secl•on• w111 not be consodered 
oos1ac1es Ubhly IAC~hhes eXIsl!ng "''"''" lhe$1 doSianc•s shall be 1eloca11d on acca<dance wolh 11\e NDOA "Polocy lor Accommodahflll Uhhhes on State Highway Roghls-ot-Way • 

The 0118CIOI·State Engon- ol 11\t ~llmtnl ol Roads ahall maonta'" the Nal.onat Func1.1onal Classohcallon Map In a conhnually cunenl slalus. 

M•n•mum clts.gn poliCy !of 1111 clusrlocatoons sllaJI onclude seedong 0< reeslabloshment ol vegetation ol all distiHbed areas. 

Curt> A.tmps tor 1ne Hand•c:apped shell be JOCiucltd on an Ne., Conslruct.on _,., Aecon•lrucllon ol Curbs rn Munlcipai"J8s, Aesiclent111 Developments and Sanllary and lmprove~Mn~ O.suocts beyo<ld the Zonong Jurisdlcllon ol lilt 
Munocopahhal !See SeciJOn 001.231 

FIGURE B-4. MINIMUM DESIGN STANDARDS FOR NEW AND RECONSTRUCTED MUNICIPAL STATE 
HIGHWAYS. 



'Title 428 - BOARD OF PUBLIC ROADS CLASSIFICATIONS AND STANDARDS 

Chapter 2 - Procedures for Standards (Continued) 

'" '" '" Wldlh of I'bM QfIooI_ a.-- ·fIdeM ,. 
-", T,po of .... , ... u ... ... - ,- -- ..... - 1""1 ---,- ....... ....,., _I~""'" ..... 1 ........ ~ WId'h Width Sufl.1ntI p •• lid spo;e;a iii ..... IPMd ........ , Wldlh 

".1IIe -"""'- ........ ,~ Q.- - IF"'I ~ ...1f!!!L ••• PH' __ .a.PH .......... IF"'I 
0... JOOO Al)T """ b"""" I'0I*l 5pHd "- ,-- ,0'" '" '" " " " 
~ r- " • • 'ott ttt ttt 

1100 . JOOO ...0, """ 
, 10'" '" '" " " " - -""" , 

" 
, u.w.v .... 'ott ttt ttt 

_ 1100 ... o, 
""" 

, 
" '" '" " " " _-e..oo , 
" 

, ,,- 10tt ttt ttt 

III .0. • ..,. ....... _ .. r- oI ....... con~ .... 20 _ ., 
121 AI>y _.cle ....................... ,_. ,.tocaled. or ... _Ie*! by. Willie .... , .... __ • coet·-..c_ ... ..,. ... _ ........ _ or "" II......,. ......... ..- T!w1y ..... _h or _ ... .., IIN!_"""" 

................ _ ... _ ... "" .... !hOy ... encrooc:~ on ..... "'OIInCi .rooukl..- ___ W"Y I.e ......... ...-.g __ ..... <Iootano; .. on ..... ,tIoc:.I'" .. accor_ ..... ". NOOR 'PoIoc:, lor A.c""'-'''''II 
'--oe, on SteM 1'1""""., ~.oI.W.,,· 

131 For c ... _ -... to. .-.. '_a-, _ 01 .... snail "'" ... Iu. """ to. _ 01 ". <II"""" '-I on ..... approoc:h '..-1, 

T"" """"" .... 111<""'" .... pooIIO;I ",",,_ 1u.""'lI 'lQ/II anete .... n ... lIMo ..-.. bu_ "' ... "" or .. IIOp "'9" or sigilli c","",_ ..........,"""" ... ac:c:~·1 
SutittCI '" c.poc"", ~ 1'_ ...... __ __ 
................ 01 • __ 1CId _ •• ' ...... eoct ..... iIDII"*'" .. on .... P"or"", Cotnn...-e* 5,"""" 

t _ ... _bK~oIc .... 

tt ....... eoct ,,"'" .... ~ 01 ". ........... laM, 

ttt ~ 10 .... " 01 "- Ao.M c......~ _ ~ 'Soclion 001 03 -...... DIfogn SlandalIIt - FIosufI..:tntJ. _""'" lIN! ~ ()R) p,lII'tCII on NoII·~ FU .. sw. Higllwl,.,· 

............... -..,. poIoc, _ ifldud<I ~ Of ~ Of ,HIIotII.l/InItOf1I 01 ~ 01 I I 110"""'" "HI 

c;..,t> RaIOIpt lor .... 1'1...-...., ......... ___ on all _ eon.uo;Ioon ond Rocon ... UCIIDn 01 c..t. .. ~...-.. Re-.l Oe~ MIl SenoII<y on<! 1mpI __ Dillriclt t.ycn<t .... ZonitIg Jur~ 01 .... 
_~ Is.. $ocIoon 001.23,1 

-r1\4O _ ............... __ <II .... "'" ..... 10 ........... ~ ...... ..: •• epa_ pertor ...... on I ~, MIl"*" P"'II'_ lOr ,oocon"'-UO:Io(ln. --.. 'opooi<' II _ ""'_ .. 01 ,.....-..cinll 0I'it1 .... ~ ~ ~ to PI_ c_ ....-.co ........ to ............. pUOIoC PI"" 10 .... ..,_ ,.con ..... uctoon, 

FIGURE 8-5 . MINIMUM DESIGN STANDARDS FOR RESURFACING. RESTORATION. AND REHABILITATION 
(3R) PROJECTS ON NON-INTERSTATE MUNICIPAL STATE HIGHWAYS. 



T,lIe 42B - BOARD OF PUBLIC ROADS CLASSIFICA nONS AND STANDARDS 

Chipter 2 - Procedures lor Stilndilrds IContinued) 

001 .15 MINIMUM DESIGN STANDARDS MUN!CIPAL STREETS 

'" '" '" Wi .. ,,, 00 U' ••• ' 
D .. "" 0.",,, D ... ,,, M .. . M .. . N~mo., Uno Mo",." 

!Iou .... , ...... HO ... ~~"d (:~ ... Cud. 0' W,d,n W,d,,, 
C""",u"o~ ~ ..2.t'.Y !MPH) ~ ~ L ..... !!!!!! ~ 

5no .. 'u. sno~'d., 01)"00'0 
W,~on S ... ,.co .. ' co ........ Acun 

....J..!..!.!.l -'!.'!..".!.!.... ~ (:on\.o' 
'·,"U 
0 .. " .. 

~ LOU,,,, 

0,,,., A" .... ' " " • , 
" O· A. • N,. None Full H·20 

R:'O~"O<l 

Couo"o. " " '" 
, 

" None • N,. No .. e 0 .. , •• ,,,, H-~O 

Lo<.' " 10" '" 
, 

" None • N,. N=o 0 .. , •• ",. H·20 

NolO ' l"o .965 ."",,on 01 AASHO "A Poloe)' on Ceo .... "" OU,;" 01 lIu,o' H'II" ........... " ,no 1969 .<I,"n" 01 AASHO "Ccomu". 0."9" 5, ... ".,,,. '0' Hillnw.)" O,n .. Ina .. F, ...... y>." ,"" IlIll ."""on 01 AAS....a "A POlre)' on 0."9" 01 U,ban HIII"W.)" a"" A" •• ,,, S"""." .nd Ino J .. ". 20 , ) 961 ,"vl.o" AASHO P"bll •• "o .. "A POIiC)' 0" 00"9" S'.na,,,o., ,,,1 •• ,,.,. 5),"0"'," ,no .. '" 
b. ~ •• <I '0< o.n •• ""'9" ,,,'ofio. 

'" 
'" 
'" 

"Oo",n ......... n", DO yot, 01 i",',o' eons\, .. e"o" 0'''' 20 y .... . 

0.0Ci , .. , PO' 100' ",u,m .. m '''P ••• ,u."on , .... 

Loo"O ..... ,a.M .n." b. bU." on m ....... m.n .. ,.ko" t,om tn. i"" •• mo" .. ".mlly 0' c .. ,b conh9",.,'on. sno ... ,,,e. w,aln .noUDe m ..... , .. J ,.om DOCk 01 e .. ,b. 

D .. ,~" .n." D.O. •• " on 2~0·500 V.P.H. 1'.' ""0 '" <IO"~" v,.' whO'. ero" ."" I .. ,,,,nll ".IIle is ... II,C"""V II'''' '" "q .. '" "~,,., '''''''01. 

LO<.' ." .. , •• <1 .. U" DO .. a .. co<l '0 100 Ie'" ,I Co,n"~I,~" ... nn ~oe •• 11 """oome", • 

.... ,",,"~m ' ... ,., o","'.c'o CI •• ,anc. '0' , .. ,"e" >eO.,," .n." o. 2 lee,., nlU,yfO" "~elm POCk I .. e. «j e,"~ , .. Iro'" loce <>, <>P>1.Clo . M, ,,,,,,,,,,. I~I"., "~>1.Cl. CO",.o"CO 1o. "on-c~.D." 'KI,o" ,n." 
oa. "0' •• mauy.o" trom 0"9. 01 a".,"~ '~"o .on" '0 •• 0'" '.co 01 «D,I."o. rooII,c Co""'" ao.,u. ,h., Ct,"'o,," w,," ,nO ",,,,,.,,,, ,,' N.D, .. ". Me" ... , 01 u";r,,.m T,UIIC Co""o, 0 .. 1<., ..... ," 
00 '''Owo" In ,no 'O'.f.' 0001.",. " ... a"co 'e"o. '''v ",n" OO,K' w," 00 00""""'" an ,,0010" • • 

In.,. 0"'9" "."d.,d, Of' .. ,y., ,,,' .... w ,0 .... " .. e1l0n. 

,,",",mym .... 'lin "Oh<y 1o,." CI ... ifiCOhO" •• n .. 11 ""c'yd. ' •• "'''9 '" .""d'''9 o ..... '.Dh.nm."\ 0' "9.'."On "I .o ft ",OI ... DOd ...... 

AU,V ,ml>fo •• m,,," m.y DO ",.<10 '0 "'H' loc.' f.q .. ".mO"tI. 

C .. fD R.m", I". ,n. Klna,col>p." ,no,1 DO Inelu"," 0"." NOw CO">I',,"'O" ,,'<1 R:ocon." .. Clio" 01 C",b' ," """nic,".h' .... Ro.,,,,nll.' 0".'''0'''0''" o"a 5."11"1 on" 'mp."v, ... ,"t OiOl,;CII .... vo,," In. 
Zon,ng J""''',ellon 01 ,n. M .. nlc,p.,I1I ... (5', SKhon 001 .23). 

FIGURE B-6, MINIMUM DESIGN STANDARDS FOR MUNICIPAL STREETS, 



Title 428 - BOARD OF PUBLIC ROADS CLASS IF !CATIONS AND STANDARDS 

Chapter 2 - Procedures for Standards (Continued) 

001.16 MINIMUM DESIGN STANDARDS - RURAL ROADS 

New and New a nd l rldtu to 
(4) Reconstructed Reconatructed Rema&n In 

( 2 ) (l) (4) Lateral Brid51e1 Brldse• Pt.ace 
(I) O u ign M••· M••· Number Lane Shoulder Ob Uacte Ro1dwa~ Width Roadway Wid ttl Roadway Width BriCIIO Surfoclnt 

ROtdWI~ Outgn Current SptoCI Curve Qradt of Width Width Cleaunce ( I 00' &. Under (O .. riOO' (100' &. Under Oeaitn Typo 
Ctauihcatlon Number AOT ~ (001.) ('II.) Un•• ~ ~ (Feet) In Lontlhl In Length) In Length) ~ M&nlmum 

Other A rt•r••l AOAl 750-401 50 7.5 7 2 12 6 12 30' 28' 24' H·20 Agg. 
ROA2 400·251 50 7.5 7 2 11 4 10 30' 28' 22' H-20 Agg, 
ROA3 250·51 50 7.5 1 2 10 4 10 28' 28' 20' H-20 Agg, 
ROAol 50.() 40 8.0 8 2 10 3 9 26' 26' 20' H·15 Agg, 

Collector RCl• 400·251 50 7.5 1 2 11 4 10 30' 28' 22' H·20 Agg. 
RC2 250·51 50 7.5 7 2 10 4 10 28' 28' 20' H·15 A99, 
RC3 50.() 40 10.0 9 2 10 3 Shld. +2 24' 24' 20' H-15 Agg, 

LOCI I ALl• 400·251 50 7.5 1 2 11 4 Shld. +2 26' 26' 22' H·20 Agg, 
RU 250·51 50 7.5 1 2 10 .. Shld. +2 24' 24' 20 H-15 Agg, 
RL.J•., 50.() 30 23.0 10 2 10 3 Shld. +2 20' 20' 20' H·15 Agg. 

M inimum M,.lnten•nce: N o t tancs,arcu In effect. All proposed construction or reconstruction shalt be 1uomttted to the BOird for re>~llw In •ccotdance wllh the rules and regulations tor re1ax11Uon of 
sune~arcll. 

Not• • Tne Octooer 26, 1969, edlllon of tho American Auoclallon of State Highway Offlclala (AASHO) "Geometric Design Guide for Local Roads and StrMII ·Part 1 ·Rural" snould De u aed for other 
design cnterll . 

(I) 

(2) 

(3) 

(4) 

Low water t tt•• m cronlng.s m1y be conuru~ted on ._ery low volume county roads functlon11ly cl~ulfled as Loc.at or Minimum Maintenance. provided a relaxaUon of stand~r<ls hU been gunteCI by 
tne BoarCI . Now low water nream croulnga anall not 1M conSiructed on county roada functionally claullled u Other Arte rial and Collector. 

0.08 1 .. 1 per foot maximum auperelevatlon rate. 

Ma>umum gradea may 1M ... c .. deo by 2 percent for tan90nt dlatance of up to 500 f .. t In rough ternoln. 

M1n1mum tater~ I obuacte cle.rance for curbed sectlon s,hall be 2 feet 11 me•sured from back f.ace o r curb to front face of obstacle. Minimum tat'er.at ObStltle clearance for non-curbed section shall be 
8 teet 11 meuurea hom edge of Clrfvlng lane ,and to front f~ce of OblUcto. Tr,afflc <:ontrol devices that conform with the s'tandiltdJ of Nebr.as~Y Manu1t of Uniform Tuttle Control Oevlc15 wiH De 
• llowedln tne ll tltll obst•cte cllitance zone, 1ny other Ob!ect will be considered an obn1cle. · 

Mtntmum design crllerl• for AOT volumes over 400 In the "Collector" and "LOcal" classifications shall conform to the minimum standards set forth In the "Other Arterial" classification. 

Certain roaas fall ing In the .,ocal" classification, 50·0 A,D,T., require hord •urtacing because of the light, granular nature olthe soils Involved ("Sandhill" aolls). In these CIHS,It shall be f)lrmiulble 
to harO surface one 12 feet lane on tho minimum section sped lied tor thiS category. 

Minimum d"'lgn policy lor a ll classlllcatlons shall Include seeding or reestabltshmenl o l vegolltlon of all dislurbed areas. 

Curb R•mo• for tho Hondicopped sh•ll be Included on all Now Constr uction and Reconstruction of CurDs In Municipalities, Re•ldenllal Developments and Sanitary and Improvement District• IMyond the 
Zon~ng Jumdlctlon olthe Munlclpalllles (See ~tlon 001.23). 

FIGURE B-7 . MINIMUM DESIGN STANDARDS FOR RURAL ROADS . 



Title 428 -BOARD OF PUBLIC ROAOS CLASSIFICATIONS AND STANDARDS Section 001.17 Standards may be used only for Approved 
Functionally Classified Scenic· Recreation Roads 

Chapter 2 - Procedure& for Standards (Continued! · 

001 .17 MIN I MUM DESIGN STANDARDS - SCEN IC·R ECREA TION·R URAL ROADS 

New and Now 1nd Brlclt•• to 
(3) AKontttucttll Reconttructatl At m aln In 

Ill 121 (J) L~tcral DdSI!I•I lltiGI!.I 1!11'1 
Duotll ...... Maa. Humber uno Slloulcler Obst,acle Roadw1y Wtdlh Roadw.ay W•4th l'ooclwoy Wldtll Brldto Surloclnt 

Roadway Ottttft Current SD .. d Cune GracJI of Wid Ill Wtdth Cleuance ( t 00' A Una or (O .. r too· (100' A Uncltr Dotltll Typo 
Ctautltcahon ~ ~ (MI'H) (Dot! ~ ~ ~ ..J!.!!.!.L _l!!!.!.L In Lonttlll In Lonttll) In Lentil!) ~ Mlnlmwm 

Otn er Arllttll ROAZ 750.401 50 7.5 1 2 II 4 10 30' 28' 22' H·20 A99. 
ROAJ 400. 251 so 7.5 7 2 10 4 10 28' 28' 20' H-20 A99. 
ROA4 2SO ·0 40 8.0 8 2 10 3 9 26' 26' 20' H•IS Agg, 

• Collettor RC2 400. 2SI so 7.5 7 2 10 4 10 28' 28' 20' H·l5 A99. 
RCl 250 ·0 40 10.0 9 2 10 3 Shld, +2 24' 24' 20' H·15 A99. 

• L.oul RL2 400 . 251 50 7. 5 7 2 10 4 Shiel. +2 24' 24' 20' H·lS Agg, 
Au•• 2SO · G 30 23 ,0 10 2 10 l Shld. +2 20' 20' 20' H-15 A99. 

Hot o; Tne Octowr 21, 1969, ~d I•On of tho Ameroun Auocootoon ol Stoto Hogl1woy Olllcl•" (AASHOI "Goornetrlc Oe•lgn Guido lor Lo<:ol Roodt on<! StrHU · Port I • Rur•l" t llould bo ua.ca for otner 
«Ml•9n uHeua. 

(1) o .oe f .. t ...,, foot muomum lurMrllo .. uon rote. 

(2) M•a•mum 91101"1 m•v b e e aceected b~ 2 percenl tot t1neen1 d tU1nce of up to SOO feet l n roug.n terrain . 

ll) M,n.mum lllet•l obst•cle cturlnct tor curbed 1ec11on lh•ll be 2 teet ~' meuured from biCk f•c• of cure to hont f1c.e of oDSllclc Minimum llter•t obttlcle cle•r•nce tor non..curbed section 1h1ll 
oe a fe.el • • tntlluted hom eage of orb,lnc, 11ne •ntt to fronl of oostacle. 'Tralfl' control dl~ic.H U'llt tutth.>rm wi1h the "'"'~ .,, .. o1 NebriSkl M1nu11 of Uniform Tufflc Control O•~iCH will tM 
111oweo tn I hi ll tetal obstl tle c•••r•nce .a one. •nv otntr ObJect w•ll ne conilderedan oblticte. 

Minimum diSI9n crlttrll rot AOT volumai o~•r 400 in tna ••couectot" ano .. L.ocal .. ctauHiCitiOnl sn111 contotm to tho mln,mull 1 • 

Cert••n ro•d• t•11Jn9 u' tne ••tocll'" cl .. sltlc•llon, 50 . 0 A.O.T ., tequire nard sutlaclny oec•u" ol the light, gtlii'\UIIt nature of th,• '\thh. HhOI~ed I"Sandhill" soils). tn tnese clles, It tnall b4 permlutblt 
to n•ru turt•c• one 12 feet t•n• on tne. mln•mum secUon spec.• fled for th•s c•tegory, 

A monomum S rut flo I oottom llitc.n m•y oe uua wnen onv11onmontol conditions worront . BocksfoPOI mov be v•rfod to lit condition a. 
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U. S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATION 

FEDERAL-AID HIGHWAY PROGRAM MANUAL 
VOLUME 6 

CHAPTER 6 

SECTION 3 

SUBSECTION 2 

ENGINEERING AND TRAFFIC OPERATIONS 

RAILROADS AND UTILITIES 

UTILITIES 

ACCOMMODATION OF UTILITIES 

Transmittal 426 
November 11, 1988 
HNG-12 

Par. 1. Purpose 
Authority 
Appl icabil Hy 
Policy 
Definitions 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

General Requirements 
State Highway Agency Accommodation Policies 
Use and Occupancy Agreements (Permits) 
Approvals 

1. PURPOSE. *To prescribe policies and procedures for 
accommodating utility facilities and private lines 
on the right-of-way of Federal-aid or direct Federal 
highway projects. 

2. AUTHORITY. 2) U.S.C. 109. 111. 116. 12) and )15; 
2) eFR 1.2) and 1.27; 49 eFR 1.4B(b); Executive 
Order · 11990. 42 FR 26961 (May 24. 1977). 

3. APPLICABILITY. This · d~rective applies to: 

• 

8. new utility installations within the right-of-way 
of Federal-aid or direct Federal highway projects# : 

Italicized material is published in 23 CFR 6458 . 
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b . exIsting utIlity facilitIes which Ire to be 
retained. relocated, or adjusted within the 
~ight-of-way of active projects under , 
development or construction when Federal-aid ' 
or direct Federal highway funds are either . 
beIng or have been used on the Involved hIghway ' 
facIllty .~ When exIstIng utIlIty 1nstallat1ons . 
are to remaIn In pllce w1thout adjustments on ' ., 
'such proJect ~ t~e h1ghway ag ency and ut1l1ty 
"are to enter i n!.o an sppropr i a te agreement as 
'dIscussed in paragraph 8, . 

c. existing utility facilIties whIch are to be 
,adJusted or relocated under the provIsions of 
paragraph 6k, and 

d. private lines which may be permitted to cross the 
rIght-of-way of I Federal-aid or direct Federal 
highway project pursuant to State law and regula-
tions and the provisIons of thIs directive . .. 
Longitudinal use of such rIght-of-way by private 
lines Is to be handled under the prov1sIons of 
2J CFR 1.2J(c}. 

4. POLICY 

a. Pursuant to the provisions of 23 CFR 1.23, i t is 
in the public Jnterest for utility facilitIes to 
be accommodated on the right-of-way of a Federal­
aId or direct Federal highway project when such 
use and occupancy of the hIghway right-of-way do 
not adversely affect hIghway or traffic safety. 
or otherwise in/pair the hIghway or its aesthetic 
qualIty. and do not con'lIct with the provisions 
of Federal, State or local laws or regulations. 

b. S1nce by tradItIon and practIce hIghway Bnd utIlity 
facilItIes frequently coexist wIthin common right­
of-way or along the same transportatIon corridors. 
it is essential in such si tuations that these 
publIc servIce rac1lJti ,~,>- be compatibly designed ' 
and operated. In the de s ign of new highway 
facilities consideration should be given to utilIty 
serv1ce needs of the area traversed if such servIce 
is to be provIded from utility facilitIes on or 
near the highway. S1milarly the potent1al Impact 
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on , the highway and Jt users should be considered in 
the design and 10catJon 0-' utllity facilities on or 
along highway right-of-way. Efficient, effective 
and safe joint highway and utility development of 
transportation corridors is important along high­
speed and high-volume roads, such BS major arterials 
and freeways, particularly those approaching 
metropolitan areas where space is increasingly 
limited. Joint highway and utility planning and 
development efforts are encouraged on Federal-aid 
highway projects . 

c. The manner in which utilities cross or otherwise 
occupy the right-of-way of a direct Federal or 
Federal-aid highway project can materially affect 
the highway, its safe operation, aesthetic quality, 
and maintenance. Therefore~ it is necessary that 
such use and occupancy, where authorized, be 
regulated by highway agencies in a manner which 
preserves the operational safety and the 
functional and aesthetic quality of the highway 
facility. This directive shall not be construed to 
alter the basic legal authority of utilities to 
install their facilities on public highways pursuant 
to law or franchise and reasonable regulation by 
highway agencies with respect to location and manner 
of installation . 

d. When utilities cross or otherwise occupy the 
right-of-way of a direct Federal or Federal-aid highway 
project on Federal lands, and when the right-of-way 
grant is for highway purposes only, the utility must 
also obtain and comply with the terms of a right-or-way 
or other occupancy permit from the Federal agency having 
jurisdiction over the underlying land. 

5. DEFINITIONS. For the purpose of this directive, the 
following definitions shall apply: 

8. Aesthetic Qualitf - those desirable characteristics in 
the appearance a the highway and its environment, such 
as harmony between or blending of natural and 
manufactured objects in the environment. continuity of 
visual form without distracting interruptions, and 
simplicity of designs which are desirably functional in 
shape but without clutter. 
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b. Clear Recovery Area - that portion of the roadside, 
Fwifhln the highway right-of-way as established by the 
nighway agency, free of nontraversable hazards and fixed 
~bJects • . The purpose of such areas is to provide 
drivers of errant vehicles which leave the traveled 
portion of the roadway a reasonable opportunity to stop 
safely or otherwise repa!n control of the vehIcle. The 
clear recovery area may vary wIth the type of hIghway, 
terrain traversed, and road geometric and operating 
conditions. The American Association of State HIghway 
~nd TransportatIon OfficIals (AASHTO), -GuIde for 
~electing. LocatIng, and DesIgnIng Traffic Barrlers,­
~377, should be used as a guide for establishing clear 
7ecovery areBS for various types of highways and 
operating condit!ons._ 

c. Clear RoadsIde POlIcy - that polIcy employed by a 
"highway agency to provide a clear recovery area In order 

to increase safety. improve traffic operations, and 
' enhance the aesthetic quality of highways by desIgning. 
constructing and maintaining highway roadsides as wide, 

{flat, Bnd rounded as practIcal and as free as practical 
""from natural or manfactured hazards such as trees, 
' drainage structures, nonyleldlng sIgn supports. highway 
lighting supports, and utilIty poles and other ground­
"mounted structures. ~ The polIcy should address the 
removal of roadside obstacles which are likely to be 
assocIated wIth accident or injury to the highway user, 
or when such obstacles ~re essential, the polIcy should 
provIde for approprIate counter-measures to reduce 
hazards. Countermeasures include placing utility 
facIlIties at locations which protect out-of-control 
vehicles, using breakaway features, using impact 
attenuation devices. or shielding. In all cases full 
consideration shall be given to sound engineering 
principles and economic factors: 

d. Direct Federal Hi hwa Pro ects _ those active or 
camp eted h~ghway pro ec s such as projects under the 
Federal Lands Hiphways Program whIch are under the 
direct administration or the Federal Highway 
Administration (FHWA). 

e. Federal-Aid Highway Protects - those active or completed 
highway projects administered by or through a State 
highway agency which involve or have involved the use of 
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Federal-aid hit}hway funds for the development, 
acquisition of right-of-way. construction or improvement 
of the highway or related facilitIes, including highway 
beautification projects under 23 U.S.C. 319. Landscaping 
and Scenic Enhancement. 

f. Freeway - a divided arterial highway with full control 
' of access. ~ 

g. 

h. 

1. 

Highway Agencf - that department, agency. commission. 
board. or off cial of any state or political subdivision 
thereof, charged by its law with the responsibility for 
highway administration. 

Highway - any public way for vehicular travel, including 
the entire area within the right-of-way and related 
facilities constructed or improved in whole or in part 
with Federal-aid or direct Federal highway funds. 

Private Lines - privately owned facilIties which convey 
or transmIt the commodities outlined in paragraph Sm. 
but devoted exclusively to private use. 

J. Right-or-Way - real property, or interests therein. 
~ acqulred, dedicated or reserved for the construction. 
' operation, and maintenance or a highway in which 
' Federal-aid or direct Federal highway funds are or have 
been involved in any stage or development. Lands 
acquired under 23 U.S.C. 319. shall be considered to be 
highway right-or-way. 

k. 

1. 

m. 

State Highway Agency - the highway agency of one of the 
50 States, the District of Columbia. or Puerto Rico. 

Use and Occupancy A~reement - the document (written 
agreement or permit by which the highway agency 
approves the use and occupancy of highway right-of-way 
by utility facilities or private lines. 

Utilitf facilit~ - privately. publicly or cooperatively 
' owned Ine, faCIlity, or system for producinQ. 
transmitting, or distributing communIcations, cable 

f television~ power, electricIty, lIght. heat. gas, oil, 
' crude products. water, steam, waste, storm water not 
connected with hiQhway drainage, or any other ,sImilar 
commodity. IncludinQ any fIre or polIce signal system or · 
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street lighting system. which directly or indirectly 
serves the public. The term utIlIty shall also mean the 
utility company inclusive o~ any substantIally owned or 
controlled subsidiary. For the purposes of thIs 
section. the term includes those utility-type facilities 
which are owned or leased by a governmental agency for 
its own use, or otherwise dedicated solely to 
governmental use. The term utility includes those 
facilities used solely by the utility which are a part 
of its operating plant. 

6. GENERAL REQUIREMENTS 

8. Safety. Highway safety and traffic safety are of 
paramount. but not of sole. importance when 

~ accommodat1ng utility facUitles within highway right­
,of-way. utilities provide 8n essential public service 
to the general publIc. Traditionally, as a matter of 
sound economic public policy and law, utilitIes have 
used publIc roaa right-of-way for transmittIng and 
distributing theIr services. However, due to the nature 
and volume of highway traffic, the effect of such Joint 
use on the traveling public must be carefully considered 
by highway agencies before approval of utility use of 
the right-of-way of Federal-aid or direct Federal 
highway projects ~s gIven. Adjustments in the operating 
characteristics of the utilIty or the highway or other 
special efforts may be necessary to increase the 
compatibIlIty of utility-highway joint use. The 
possibIlity of, thIs joint use should be a consIderation 
in establishing right-of-way requIrements for hIghway 
projects. In any event. the desIgn, location, and 
manner in which utilItIes use and occupy the right-of­
way of Federal-aid or direct Federal highway projects 
must conform to the clear roadside policies for the 
highway involved and otherwise provide for a safe 
traveling environment as required by 
2J U.S.C. l09(1)(1). 

b. New Above Ground InstallatIons. On Federal-aid or 
dlrect Federal hlghway projects. new above ground 
utility installations, where permitted, shall be 
located as far from the traveled w.y 8S possible. 
prefer.bly along the right-of-way line. No new 
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above ground utIlIty InstallatIons are to be 
allowed wIthIn the establIshed clear recovery of 
the hIghway unless a determInatIon has been made 
by the highway agency that placement underground Is 
not technIcally feasIble or Is unreasonably costly 
and there are no feasIble alternate locatIons. In 
exceptIonal sItuatIons when It Is essentIal to 
locate such above ground utIlIty facIlItIes within 
the established clear recovery area of the highway, 
appropriate countermeasures to reduce hazards shall 
be used. Countermeasures include placing utIlity 
facilities at locatIons which protect or 
minImIze exposure to out-of-control vehicles, usIng 
breakaway features, using impact attenuation devIces, 
using delineation, or shIelding. 

c. Installations Within Freeways 

(1) Each state highway agency shall submit an 
accommodatIon plan In accordance with 
paragraph 7 and paragraph 9 ~hlch addresses 
how the State highway agency will consider 
applications for longItudinal utility 
installations within the access control lInes 
of a freeway. ThIs includes utIlity 
installations within interchange areas which 
must be constructed or servIced by direct 
access from the maIn lanes or ramps. If a state 
highway agency elects to permit such use, the 
plan must address how the State highway agency 
will oversee such use consIstent with this 
subsection, Title 2J, U.S.C., and the safe and 
effIcIent use of the hIghways. 

(2) Any accommodatIon plan shall assure that 
Installations satisfy the following criterIa: 

(a) The effects utilIty installatIons wIll 
have on highway and traffic safety will 
be ascertained, since in no case shall 
any use be permitted whIch would 
adversely affect safety. 

(b) The dIrect and Indirect environmental 
and economic effects of any loss of 
productIve agrIcultural land or any 
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productivity of any agrIcultural land 
whIch would result from the disapproval 
of the use of such rIght-of-way for 
accommodat10n of such utIlIty faci11ty 
will be evaluated. 

(c) These envIronmental and economIc effects 
together with Bny Interference with or 
impairment of the use of " the highwBY in 
such right-of-way which would result from 
the use of such right-o"f-way for the 
accommodation of such utility facility 
will be considered. 

(d J [Reserved) 

(e) A utility strip will be established along 
the outer edge of the rIght-of-way by 
locating a utIlity access control lIne 
between the proposed utility InstallatIon 
and the through roadway and ramps. ' Existing 
fences should be retaIned Bnd, except along 
sections of "freeways having frontage roads, 
planned fences should be located at the 
freeway right-of-way line. The State or 
political subdivision is to retain control 
of the utility strip right-of-way including 
its use by utility facilities. Service 
connections to adjacent properties shall not 
be permitted from within the utility strip. 

(~) Nothing in this directive shall be construed as 
prohibiting a highway agency from adopting 
a more restrictive polIcy than that contained 
herein with regard to longitudinal utility 
installations along freeway right-or-way and 
access for constructing and/or for servicing 
such installations. 

d. Uniform Policies and Procedures. For a highway agency 
to fulfl11 its responsib1lities to control utility use 
of Federal-aid highway right-of-way within the State 
Bnd its political subdivisions, it must exercise or 
cause to be exercised, adequate regulation over such use 
and occupancy through the establishment and enforcement 
of reasonably uniform policies and procedures for 
utIlIty accommodation. 
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e. 

r. 

g. 

h. 

Private LInes. Because there are circumstances when 
priva.te lines may be allowed to cross or otherwise 
occupy the right-of-way of Federal-aid projects, highway 
agencies shall establish uniform policies for properly 
controlling such permitted use. When permitted, private 
IJnes must conform to the provisions of this directive 
and the provisions of 2) CFR 1.2J(c} for longitudinal 
installations. 

Direct Federal Hi hwa Pro ects. On direct Federal 
9 way pro ec s, e HW w apply, or cause to be 

applied, utility and private line accommodation policies 
similar to those required on Federal-aid highway 
projects. When appropriate, agreements will be entered 
into between the FHWA and the highway agency or other 
government agencies to ensure adequate control and 
regulation of use by utillti~s and private lines of the 
rIght-of-way on direct Federal highway projects. 

ProJects Where State Lacks Authority. On Federal-aid 
highway projects where the State highway agency does 
not have legal authority to regulate highway use by 
utilities and private lInes, the State highway agency 
must enter into formal agreements with those local 
officials who have such authority. The agreements must 
provide for a degree of protection to the highway at 
least equal to the protection provided by the State 
highway agency's utility accommodation policy approved 
under the provisions of paragraph 9b. The project 
agreement between the State highway agency and the FHWA 
on all such Federal-aid highway projects shall contain a 
special provision incorporating the formal agreements 
wIth the responsible local officials. 

ScenIc Areas. New· utIlity installations, including 
those needed for hIghway purposes, such as for highway 
lighting or to serve a weigh station, rest area or 
recreation area, are not permitted on hif}hwCI)' r .iJllt-of­
way or other lands which are acquired or improved with 
Federal-.aid or dIrect Federal hlf}hway funds and are 
located within or adjacent to areas of scenic 
enhancement and natural beauty. Such areas Include 
public park and recreational lands, wildlife and 
waterfowl refuges, historic sites as described In 
2J U.S.C. 138. scenic strips, overlooks, rest areas and 
landscaped areas. The State highway af}ency :nay permi t 
exceptions provIded the followIng conditions are met : 
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(I) New underground or aerial installations may be 
permitted only when they do not require extensive 
removal or alteration of trees or terraIn features 
visible to the highway user or impair the aesthetic 
quality of the lands being traversed. 

(2) Aerial installations may be permitted only when: 

(a) other locations are not available or are 
usually difficult and costly. or are less 
desirable from the ·standpoint of aesthetic 
quali ty, 

(b) placement underground is not technically 
feasible or is unreasonably costly, and 

(c) the proposed installation will be made at 
a location, and will employ suitable design 
and materials, which give the greatest weight 
to the aesthetic qualities of the area being 
traversed. Suitable designs include, but are 
not limited to, self-supporting armless, 
single-pole construction wi tho vertical 
configuration of conductors and cable. 

(3) For new utility installations within freeways, the 
provisions of paragraph 6c must also be satisfied. 

i. Joint Use Aoreements. When the utility has a 
compensable interest in the land occupied by its 
facilities and such land is to be jointly occupied and 
used for highway and utilIty purposes, the highway 
agency and utility shall agree in writing as to the 
obligations and responsibilities of each party. Such 
joint-use agreements shall incorporate the conditions of 
occupancy for each party, including the rights vested in 
the highway agency and the rights and privileges 
retained by the utility. In any event, the interest to 
be acquired by or vested in the highway agency in any 
portion of the right-of-way of a Federal-aid or direct 
Federal highway project to be vacated. used or occupied 
by utilities or private lines, shall be adequate for the 
construction, safe operation, and maintenance of the 
highway project. 
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J. 

k. 

1. 

Traffic Control Plan. Whenever a utilIty installation, 
adjustment or maintenance activity wIll affect the 
movement of traffic or traffic safety, the utility shall 
implement a traffic control plan and utilize traffic 
control devIces 8S necessary to ensure the safe and 
expeditious movement of traffic around the work site and 
the safety of the utility work force in accordance with 
procedures established by the highway agency. The 
traffic control plan and the application of traffic 
control devices shall conform to the standards set forth 
in the Hanual on Uniform Traffic Control Devices (MUTeD) 
and Federal-Aid HIghway Program Msnual (FHPM) 6-4-2-12. 
Traffic Safety in Highway and Street Work Zones. 

CorrectIve Measures. When the highway agency determines 
that existing utility facilities are likely to be 
associated with injury or a'ccldent to the highway user. 
as indicated by accident history or safety studies, the 
highway agency shall inItiate or cause to be initiated 
in consultation with the affected utilities. corrective 
measures to provide for a safer traffic environment. 
The corrective measures may include changes to utility 
or highway facilities and should be prioritized to 
maximize safety benefits in the most cost-effective 
manner. The scheduling of utIlity safety improvements 
should take into consideration planned utility 
r~placement or upgrading schedules, accident potential, 
end the avaJlability of resources. It is expected that 
the requirements of this paragraph wIll result in an 
orderly and positive process to address the identified 
utility hazard problems in a timely and reasonable 
manner with due regard to the effect of the corrective 
measures on both the utIlity consumer and the road user. 
The type of corrective measures are not prescribed. Any 
requests received involving Federal participation in the 
cost of adjusting or relocating utIlIty facilities 
pursuant to this para~r8ph shall be subject to the 
provisions of FHPM 6-6-J-l, utility Relocations, 
Adjustments and Reimbursement, and FHPM 8-2-J, Highway 
Safety Improvement Program. 

Wetlands. The installation of privately owned lines or 
conduits on the right-of-way of Federal-aid or direct 
Federal highway projects for the purpose of draining 
adjacent wetlands onto the hIghway r1ght-of-way 1s 



Federal-Aid Highway Program Manual 
Transmittal 426, November II, 1988 

Vol. 6, Ch. 6 
Sec. 3. Subsec. 2 

considered to be inconsistent with Executive Order 
11990, Protection of Wetlands, dated May 24, 1977, and 
shall be prohibited. 

1. STAn HI61iWAY AGENCY ACCOMMOOATION POLICIES. The FHWA shall 
use the AAsHTO publIcatlons, "A Gulde for Accommodating 
Utilities Within Highway Right-of-Way", 1981, and "Guide for 
'Selecting, Locating and Designing Trarflc BarrIers", 1977, 
'~o assist In the evaluation of adequacy of State hIghway 
agency utilIty accommodation polIcies. As a mInImum, such 
policies shall make adequate provIsions wIth respect to the 
rOllowlog: 

8. UtIlIties must be accommodated and maIntained in B 
manner which will not impair the highway or adversely 
affect highway or traffic safety. Uniform procedures 
controlling the manner, nature and extent of such 
utility use shall be establi~hed. 

b. Consideration shall be given to the effect of 
utilIty installations in rega rd to safety, aesthetIc 
quality, and the costs or dIfficulty or hIghway and 
utility construction and maintenance. 

c. The State highway agency's standards for regulating the 
use and occupancy of highway right-or-way by utilities 
must include, but are not limited to, the following: 

(I) The horizontal and vertical location requirements 
and clearances for the various types of utilities 
must be clearly stated. These must be adequate to 
ensure compliance wi th the clear. roadside policies 
for the particular highway involved. 

(2) The applicable provisions or government or industry 
codes required by law or regulation must be set 
forth or appropriately referenced, including 
highway design standards or othpr measures whIch 
the State highway agency deems necessary to provide 
adequate protection to the highway, its safe 
operation, aesthetic quality, and maintenance. 

(J) Specifications for and methods of Installation; 
requirements ror preservation and restoration of 
highway facilities, appurtenances, and natural 
features and vegetation on the right-or-way; and 
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limitations on the utility's activities within 
areas set forth by paragraph 6h should be 
prescribed as necessary to protect highway 
interests. 

(4) Measures necessary to protect traffic and its safe 
operation during and after installation of 
facilities, including control-of-access 
restrictions, provisions for reroutinp or detouring 
traffic, traffic ·control measures to be employed, 
procedures for utility traffic control plans, 
limitation on vehicle parking and materials 
storage, protection of open excavations, and the 
like must be provided. 

(5) A State highway agency may deny a utility's request 
to occupy highway right-or-way based on State law, 
regulation, or ordinanc·es or the State highway 
agency's policy. However, in any case where the 
provisions of this directive are to be cited as the 
basis for disapproving a utility's request to use 
and occupy highway right-of-way, measures must be 
provided to evaluate the direct and indirect 
environmental and economic effects of any loss of 
productive agricultural land or any impairment of 
the productivity of any agricultural land that 
would result from the disapproval. The 
environmental and economic effects on productive 
agricultural land together with the possible 
interference with or impairment of the use of the 
highway and the effect on highway safety must be 
considered in the decision to disapprove any 
proposal by a utility to use such highway 
right-of-way. 

d. ComplIance with applicable State laws and approved State 
Ilighway agency utili ty accommodation policies must be 
assured. The responsible State highway agency's file 
must contain evidence of the written arrangements which 
set forth the terms under which utility facilities are 
to cross or otherwise occupy highway right-of-way. All 
utility installations made on highway right-or-way shall 
be subject to written approval by the State highway 
agency. However, such approval will not be required 
where so provided in the use and occupancy agreement 
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agency. However, such approval will not be required 
where so provided in the use and occupancy agreement 
for such matters as utility facility maintenance, 
installation of service coonections on highways other 
than freeways, or emergency operatIons. [OHB Control 
Humbers 2125-0522 and 2125-0514} 

e . The State highway agency shall set forth In Its utilIty 
accommodation plan detailed procedures , criteria, and 
standards it will use to evaluate and approve indivIdual 
applications of utilities on freeways under the 
provIsions of paragraph oC of this section. The State 
highway agency also may develop such procedures, 
criteria and standards by class of utility. In defining 
utility classes. conSideration may be given to distin­
guishing utility services by type, nature or function 
and their potentIal impac t on the highway and its user. 

f. The means and authority for enforcing the control of 
access restrictions applicable to utility use of 
controlled access highway faci l ities should be clearly 
set forth In the State highway agency plan. 

8. USE AND OCCUPANCY AGREEMENTS PERMITS. [OHB Control Number 
25- 522 The wr en arrangements, generally In the form 

of use and occupancy agreements setting forth the terms 
under which the utilIty is to cross or otherwise occupy the 
highway right-of-way , must include or incorporate by 
reference: 

a . The highway agent.'y st andards for accommodating 
utilIties . Since all of the standards will not be 
applicable to each indivIdual utIlity Installation, the 
use and occupancy agreement must. as a minimum, describe 
the requirements for location, construction, protection 
of traffic, maintenance, access restriction, and any 
special condItions applicable to each installation . 

b . A general description of the size, type, nature, and 
extent of the utilIty facilities being located within 
the highway right-of-way. 

c. Adequate drawings or sketches showing the existing 
and/or proposed location of the utility facilities 
within the highway right-or-way with respect to the 
e xisting and/or' planned highway improvements, the 
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d . The extent of liability and responsIbilities associated 
wIth future adjustment of the utilItIes to accommodate 
highway improvements. 

e. The action to be taken in case of noncompliance with the 
highway agency's requirements. 

f. other provIsions as deemed necessary to comply with 
laws Bnd regulatIons. 

9. APPROVALS 

a. Each State highway agency shall submIt a statement to 
the FHWA on the allthodty of utIlItIes to use and occupy 
the right-of-way of State highways, the State highway 
agency's power to regulate such use, and the policIes 
the State hIghway agency employs or proposes to employ 
for accommodatIng utIlItIes wIthIn the right-of-way of 
Federal-aId hIghways under Its JurIsdIctIon. Statements 
prevIously submitted and approved by the FHWA need not 
be resubmItted provIded the statement adequately 
addresses the requIrements of thIs dIrectIve. When 
revisIons are deemed necessary, the changes to the 
prevIously approved statement may be submitted 
separately to the FHWA for approval. The state hIghway 
agency shall Include sImIlar informatIon on use and 
occupancy of such hIghways by prIvate lInes where 
permItted. The State shall IdentIfy those areas, If 
any, of the Federal-aId hIghway systems wIthin Its 
borders where the State highway agency Is without legal 
authorIty to regulate use by utIlItIes. The statement 
shall address the nature of formal agreements wIth local 
officIals requIred by paragraph 6g. It Is expected that 
the statements requIred by thIs dIrectIve or necessary 
revisIons to prevIously submItted and approved 
statements wIll be submitted to FHWA wIthIn 1 year of 
the effectIve date of this dIrectIve. [OMB Control 
Number 2125-0514] 

b. Upon determInatIon by the FHWA that a State hIghway 
agency's polIcIes satIsfy the provIsIons of 23 u.s.e. 
109, Ill, and 116. and 2) eFR 1.2) and 1.27. · ... nd meet 
the requIrements of· thIs dIrectIve. the FMWA wIll 
approve their use on Federal-aId hIghway projects In 
that State. 
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c. Any Changes. additions or deletions the state highway 
agency proposes to the approved policies are subject 
to FHWA approval. 

d. When a utility files a notice or makes an individual 
application or request to a State highway agency to 
use or occupy the right-of-way of a Federal-aid highway 
project, the State highway agency is not required to 
submit the matter to the FHWA for prior concurrence, 
except under the following circumstances: 

(1) The proposed installation is not in accordance with 
this directive or the State highway agency's 
utility accommodation policy approved by the FHWA 
for use on Federal-aid projects. 

(2) Longitudinsl installations of private lines. 

e. The State highway agency's pr'sctices under the policies 
or agreements approved under paragraph 9b shall be 
periodically reviewed by the FHWA. 
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A number of researchers have focused on possible oountenneasures or options for 

relocating utility and/or light poles. This section provides a composite summary of the 

recommendations based on their work. 

In 1980, Jones studied a major pole relocation project implemented along a four-lane 

major arterial in Knoxville, Tennessee in 1974 W). Before the pole relocation, the roadway 

had a relatively high incidence of personal injuries and fatalities. Jones found that the 

number of personal injuries and fatalities was essentially eliminated along the 3.25 kilometer 

section as a result of (I) increasing the lateral offset of utility poles from the back of the 

curb to approximately 6 feet, or to the back of the sidewalk; (2) locating poles on one side 

of the street; and (3) increasing pole spacing to ISO feet. From 1963 to 1979, the ADT 

varied from approximately 20,000 to 32,000. 

Fox, Good, and Joubert perfonned a benefit--cost analysis to evaluate a series of 

countermeasures and concluded that new luminaire installations should be made either 

breakaway or wrap-around (2). Using the statistical concept of "relative risk," they argued 

that poles at the curb line are over 3 times more likely to be involved in an accident than 

those more than 3 meters away. If poles are required, they should be offset at least 3 meters 

from the road edge and should not be located on the outside of curves or near curve entry 

and exit points. They also emphasized the importance of pavement skid resistance. 

A study performed by the American Public Works Association (APWA) found that 

the joint use of utility poles by two or more types of utilities is widely incorporated to reduce 

costs and minimize street clutter 00. The utilities which commonly are involved with joint 

use of utility poles are power, telephone, telegraph, and cable TV. Although joint trenching 

or undergrounding was not as widespread, one of the more common combinations was 
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electric and telephone lines in the same trench, in various combinations with telegraph, 

cable TV. and other signal cables where no interference conditions exist. 

Zegeer and Cynecki listed a number of possible roadway treatments or 

countermeasures for reducing the frequency or severity of utility poles accidents W). The 

potential countermeasures include the following: 

Locatim: Utility Lines Underground: This countermeasure involves removing the 

utility poles and burying the utility lines underground. 

Increasio2 the Lateral Offset of Poles: This countermeasure is aimed at reducing 

utility pole accidents by increasing the distance of the poles from the roadway edge. 

Reducing the Number of Poles: This countermeasure can be achieved by a number 

of treatments such as multiple use of poles by different utilities, placing poles on only one 

side of the street , and increasing pole spacings. 

Utili.in~ Breakaway Poles: This countermeasure is directed at reducing utility pole 

accident severity, not accident frequency. 

Protective Devices: This countermeasure involves the use of guardrail or impact 

attenuators near utility poles to protect the motorist and reduce the severity of the accident. 

Other Countermeasures: The use of occupant restraints (seat belts and shoulder 

harnesses) would reduce the utility pole accident severity. Combinations of countenneasures 

could also be implemented such as increasing the lateral offset of poles and reducing the 

number of poles. 
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Safety belts have been found to reduce the number of serious injuries by 50% and 

the number of fatalities by 60 to 70% Q1J. When an automobile is impacted in the rear, 

front, or side, the percent of reduction in injury is 50%, 55%, or 60% , respectively. In the 

ability to reduce death or injury, the lap belt is 30% effective, while the lap and shoulder 

belt combination is 60% effective. 
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COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS 

FORM A: SITE DESCRIPTION 

Road Name or Route Identification: _______________ _ 

Beginni ng Mil epoi nt : ____ ...:Ending : ____ -cLength :_· ____ (Mil es) 

Area Type (Urban or Rural) Curb (Yes or No) ___ _ 

Right-of-Way Width: Shoulder Width: Feet 

Current Daily Traffic Vollllle (ADTC): Speed Limit: mph. 

Expected Future Change in ADT = percent/yr . or percent in yrs. 

utility Pole Location (one side or two): ______ _ 

No. of Poles Po 1 e Spaci n9 

Side 1: ____ ft . 

Poles/Mile Avg. Pole Offset 

____ ft. 

Side 2: ____ ft. ____ ft. 

Total: ____ ft. 

Type of Utility Poles and Lines: 

Side 1 Side 2 (if applicable) 

Wood telephone poles 
-- Wood power poles carrying <69 KV lines 

Non-wood poles 
==Heavy wood distribution and transmission poles 
__ Steel transmission poles 

Utility Pole Accident Data: 0 Available o Not Available 

Utility Pole Accidents = _____ (total) for __ years. 

Utility Pole Accidents/Mile/Year (AC) = No. of Utility Pole Accidents 
(Sec. length) x (Yrs. of Data) 

AC = Utility Pole Accidents per mile per year 

Percent injury & fatal Utility Pole Accidents = % 

Total Injuries: ______ _ Total Fatal ities: -----
Coverage of other heavy fixed objects within 30 feet of roadway. Refer to 
Figures 10 to 15 to deter'fJline coverage factor (CF) to use (check one): 

10% Roadside Coverage (See Figure 10) = 20% Roadside Coverage (See Figure 11) 
30% Roadside Coverage (See Figure 12) == 40% Roadside Coverage (See Figure 13) 

_ 60% Roadside Coverage (See Figure 14) 
____ 80% Roadside Coverage (See Figure 15) 



COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACClUENTS 

FORM B: COUNTERMEASURE DESCRIPTION 

(Complete Form B for Each Countermeasure) 

Countermeasure Number of 

Countermeasure to be Eval uated (Check Cile): 

Placement of Utility Lines Underground (Check One) 

Telephone lines 
llectric distribution lines <69 KV 9 direct bury. one phase 
t lectric distribution lines (69 KV, direct bury. three phase 

--- Electric distribution lines <69 KV. conduit 
___ Electric transmission 1 ines >69 KV 

Other ,,' _____________ _ 

___ Pole Relocation frOO! 
pavement 

feet to feet frem the edge of the 

___ Increase 
of poles 

Pole Spacing from to feet. Thus the total number 
on the section wi1Tli'e which translates 

to, ____ _ poles per rrd1e of roadway section. 

Pole Relocation fran f eet to feet frOOl the edge of the 
--- roadway and Increase PoTev'Spacing to feet 'ftlich transl ates 

to poles per mile of roadway section. 

Add Breakaway Po' e Feature to percent of po 1 es. 
--- Expected reduction in injury a·~n"'d""'f""atal accidents = ___ X 

Multiple Pole Use (for a section with util ity poles on .both 
---sides of the roadway) by removing utility lines frOOl the line 

of poles closest to the roadway. The average offset of the 
remaining line of utility pole is feet frOOl the edge of 
the roadway. The number of poles ont'Fie section would be 
transl ating to __ poles per mile of sect ion. 

Expected change in annual maintenance cost (total section): 

No change 
--- Increase of $: ___ per year 

Decrease of $ per year 
-- Unknown (ass""e SO change if unknown) 

Expected initi al project costs (SpeCify): 

$: _____ Per Mile:: _________________ _ 

$ Per pO:l,:e~: ===================== S Total :_ 

Expected countenneasure service 1 ife = __ years (assll11e 20 years if unknown) 

Interest rate = ___ percent per year (assume 12 percent if IXIknown) 
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COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS 

FORM C: WORK FORM 

(Complete Form C for Each Countermeasure: See Coding Instructions) 

STEP i-Complete the Site Inventory Form (Form A). 

STEP 2 - Complete the Countermeasure Description Form (Form B). One 
Countermeasure Description Fotm should be completed for each 
countermeasure. 

Countermeasure No. :. ____ _ 

Countermeasure Description: ______________ _ 

STEP 3 - Compute Average Traffic Volume over the Project Life (ADTA) 

Current AOT = ___ = AOT C 

• Method 3-A - Annual Growth Rate (g) 

Annual Traffic Growth Rate (g) = __ percent 

Adjustment Factor:: ___ = FA (From Table 11) 

AOTA = (ADTC) x FA = ___ .x, ___ = __ _ 

• Method 3-B - Overall Growth Rate (G) 

Overall Growth Rate (G) = percent 

ADTA = ADTC (2 + G/IOO) = __ (2 + 1100) = __ 
2 2 

STEP 4 - Determine Utility Pole Accidents Without Treatment (AB) 

• Method 4-A - Accident Predictive Model - Nomograph 

AOTA = ____ (Step 3) 

Existing Pole Density = _____ poleslmile (Form A) 

Existing Pole Offset = feet (Form A) 

AB = Accidents per mile per yeat (Nomograph, Figure 8) 

Note: If Method 4-A is used, A2 = AB. 
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COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIOENTS 

FORM C: WORK FORM 

(Complete Form C for Each Countermeasure: See Coding Instructions) 

• Method 4-B - Existing Accident Data 

" AC = accidents ~r mile per year based on existing accident 
experlence (Form A) 

Adjustment Factor to Convert Utility Pole Accident Experience From AC to AS 

Al (From Nomograph, Figure 8) = ____ _ 

AOTC' = (Form A) 
Existing Pole Density:: ____ poles/mile (Form A) 
Existing Pole Offset = feet (Form A) 

AZ. (From Nomograph, Figure 8) = ____ _ 

ADTA = (Step 3) 
Existin'''g'P''o''loe,ome''n><slty = ____ --'poles!mile (Form A) 
Existing Pole Offset = feet (Form A,) 

AS = (AC) x (AZ!AI) = x (_,_) = Accidents per mi le per year 

STEP 5 - Determine the Accident Reduction Factor (RA) for utility pole accidents 

AF (from Nomograph, Figure' 8) = _____ --'Accidents per mile per year 

ADTA = (Step 3) 
Proposeoa'P"o"loe,Ome"n;<sity = ::=====poleS!mile (Form S) 
Proposed Pole Offset = feet (Form S) 

AZ = Accidents per mile per year (Step 4) 

RA • Az - AF = = ___ _ 
AZ 

RA:o: % Reduction in Utility Pole Accident Frequency 

For the Breakaway Pole Countermeasure, Skip Steps 6 and 7, go to Step 8. 

STEP 6 - Select the Roadside Adjustment Factor (HR) 

Skip for the Breakaway Pole Countermeasure 

Coverage Factor (Cn = (Form A) ----
HR • ___ (0 to 1.0) from Tables 3, 4, 5 or 6. 



Page 3 of 4 

COST-EFFECTIVENESS ANALYSIS PROCEDURE FDR UTILITY POLE ACCIDENTS 

FORM C: WORK FORM 

(Complete Form C for Each Countermeasure: See Coding Instructions) 

STEP 7 - Compute the Number of Accidents Reduced (Ll.A) 

nA = (AB) x (RA) x (HR) x (L) 

nA = __ x __ x __ x __ = ___ Accidents per year 

STEP 8 Select the Average Cost Per Utility Pole Accident (CA) 

CA = $7,007 based on 1981 NSC costs or $, ___ based on 

____________________ agency costs. 

For the breakaway pole countermeasure, skip Step 9 and go to Step 108 

STEP 9 - Compute Accident Benefits Due to Reduced Accident Occurrences (SA) 

BA = x $ = $ per year . -- -- '---
STEP 10 - Compute Accident Benefits Due to a Reduction in Accident Severity (BS) 

• Step lO-A - For an countermeasures except breakaway devices. Only for 
sections having speeds less than 45 mph. 

BS = (AB) x (1 - HR) x (RA) x (Ll.CA) x (L) [For fleA, See Table 12] 

BS= x(l- )x x$ x =$ per year -- -- -- -- -- '---
• Step 10-B - For the breakaway pole countermeasure only. 

BS = (AB) x (n CAl x (L) [For Ll.CA, See Table 13] 

BS = ___ x $ ___ x ___ = $. ___ per year 

STEP 11 - Compute Total Accident Benefits (BT) 

BT = BA + BS 

BT = $, ___ + $, ___ • $, ___ per year 
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COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDfNTS 

FORM C: WORK FORM 

(Complete Form C for Each Countermeasure: See Coding Instructions) 

STEP 12 - Determine the Change in Maintenance Costs (CM) 

CM = $, ___ per year. Use SO if unknown 

STEP 13 - Determine Countermeasure Installation Costs (CI) 

• Method 13-A - Cost Per Mile (Cl) 

CI = (Cl ) x (CRFi n) x (l) 

CI = $ x x = S 

• Method 13-B - Cost Per Utility Pole (Cp) 

CI = (Cp) x (PLl x (CRFi) x (l) 
n 

CI = $ x x 

• Method 13-C - Total Project Cost ( CS) 

CI = (CS) x (CRFi) $ x 
n 

CI • $, ____ per year 

STEP 14 - Calculate Total Project Cost (CT) 

CT = CM + CI 

x 

CT • $, ___ + $, ___ = S, ___ per year. 

STEP 15 - Calculate the Benefit-To-Cost Ratio (B/C) 

B/C •• ~ = 
CT 

per year 

= $ per ~ar 



COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIUENTS 

FORM 0: COMPARISON ·OF COUNTERMEASURE 

(Use This Form Only if 2 or More Countermeasures Are 
Being Considered at the Sane Location) 

STEP 16 - Conduct Incremental Benefit-to-Cost Ratio Analysh (68/6.C). 

~ 

List tne Counter:neasures In Order by Cost (tTl frOll! Lowest to Highest for those with a BlC 
ratio greater than 1.0 (01" other acceptable lIIinimllll value). 

Counter-
measure 

Nl.lllber 

Total 
Annual 

Cost 
.J.£rl 

Total 
Arlnaul 

Benefits 
(Br) 

at, 
Rat 10 Compare 

Increnenta! 
Change In 

Costs (6C) 

lncr!!nent a 1 
Change ~n 
Benefits 
(a6) 

Inert'nental 
Benefit/ Cost 

Ratio 
. l:::.B/ 6.C 

lowest Cost «(1 ) 

'00 Lowest eo" 
,,' Lowest Co" 

4th lowest eo" 
Highest Cost 

STEP 17 Evaluate Available Funding and Other Agency Constraints 

Sehct the remaining counter:neasure with the highest Incremental benefits to highest incremental 
costs. 

Countenneasure No. and Descriptloo: ________________________ _ 

Couotl!rmeasure Cost: S, _________ per year 

Is (uodiog iJiailable to complete project (Yes or No ) ____ _ 

~ aoy other ageocy coostraints prohibit illlplenentation (Yes or No) ____ _ 

If yes, Describe: ________________________________ _ 

If tne project is unacceptable, sele<:t thl! couotermeasurl! with the nellt highest lncr8l1ent al 
beoefits to incremental costs I,tltil project is se l ected. 

Countermeasure No. and Description: ________________________ _ 

l..ountermeasure Cost: S, _________ per year 

STEP 18 - Record Project Details 

Selected Project: ____________________________ _ 

Project Cost: S _____________ per year 

ToUI Project Cost: S, ________ Change In Atlnual Maioteoaoce Costs: S, ________ _ 

Atloual Accideot Benefits: S, _________ __ 

Utility Pole Accidents Reduced per ,)@ar: _______ _ 

BIC Ratio. ______ _ 
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As discussed in the text, the effectiveness of the utility PJle countermeasure is greatly 

affected by the general characteristics of the roadside. Since most roadside situations involve 

other flXed objects, curbs, or sideslopes, the net reduction in roadside accidents will be less 

than the reduction in utility pole accidents. 

For any given roadside configuration, Glennon's hazard model can be used to 

estimate roadside adjustment factors aJ). The adjustment factors can theoretically transform 

predicted accident reductions for utility pole countermeasures into net roadside accident 

reductions . The roadside adjustment factor formulation which is included in the following 

section was taken from the FHW A report by Zegeer and Cynecki (18). 

Backeround 

Glennon's hazard index model can be simplified for a noncontiguous roadside 

obstacle (with a constant side slope and with no fixed objects) to: 

where 

H = Ef x S x P[Y«sj x L 

H - hazard index, number of fatal and nonfatal injury accidents per year, 

EJ = frequency of encroachments, number of encroachments per mile per year, 

S - severity index, number of fatal and nonfatal injury accidents per total 

accidents 

P[Y« sj = probability that the lateral encroachment (l') of a vehicle equals or exceeds 

the lateral distance (s) of the obstacle from the roadway edge, accidents per 

encroachment, and 

L = one mile section length. 
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Graham and Hardwood indicate that this fonnulation over-predicts the roadside 

hazard by factors ranging from 2 to 8 depending on the magnitude of slopes and the 

coverage of fixed objects (ll). In studying the NCHRP 247 results, Zegeer and Parker found 

some apparent flaws in the NCHRP 148 fonnulation. For example, not every vehicle that 

encounters a 6:1 fill-slope will have an accident (reported or otherwise), yet the formulation 

assumes that every encounter guarantees an accident. Thus, a more appropriate formulation 

of the simplified model would be as follows: 

where 

H = Ef " S "R, " P[y?!sj 

R] = reporting level of roadside encounters with the obstacle, reported accidents 

per accident. 

In order to estimate adjustment factors that will transfonn the predicted utility pole 

accident reductions into net roadside accident reductions, it is more appropriate to look at 

conditional probability that any accident (including PD~'s) will occur, given that a roadside 

encroachment has occurred. This conditional probability, PJI is given in its general form as: 

P, = R, " P[y?!sj 

Encroachment frequency is not included in the conditional probability equation. 

The application of the upgraded model to specific roadside configurations and utility 

pole accident countermeasures is much more complex than the general application described 

above. Thus, the model has 16 basic fonns depending on the order in which each of the five 

roadside features are encountered. These features include utility poles, other fixed objects, 

curbs, sideslopes, and what is called the nonclear zone. The nonclear zone is that area from 

about 20 to 30 feet from the roadway where there is some increased level of hazard 
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presented by steeper sideslopes, nonclear trees and foliage, rocks, fences, walls, etc. 

The basic form of the model requires one other consideration · to account for the 

additive contributions of various roadside features. The coverage factors for both utility 

poles and other fixed objects must be known. The 16 different roadside cases are as follows: 

Road!id~ Cases 
I 
2 
3 
4 
5 
6 
7 
g 

9 
10 
11 
12 
13 
14 
15 
16 

where 

v.P. = Vtility Pole 

F.O. = Fixed Object 

Slope = Side Slope 

NCZ = Nonc1ear Zone 

Roadside Feature Order 
(from edge of road outward) 

li! 2m! Jrl! 
V.P. F.O. Slope 
V.P. Slope F.O. 
V.P. Slope NCZ 
F.O. V.P. Slope 
F.O. Slope V.P. 
F.O. Slope NCZ 
Slope V.P. F.O. 
Slope F.O. V.P. 
Slope V.P. NCZ 
Slope F.O. NCZ 
Slope NCZ V.P. 
Curb V.P. F.O. 
Curb F.O. V.P. 
Curb V.P. NCZ 
Curb F .O. NCZ 
Curb NCZ V.P. 

~ 
NCZ 
NCZ 

NCZ 
NCZ 
V.P. 
NCZ 
NCZ 

NCZ 
NCZ 

The equations for each of the 16 different cases are given below, where C is the 

coverage factor, R is the reporting level, L is the lateral placement in feet, U is the subscript 

for utility pole, F is the subscript for fixed object, S is the subscript for side slope, N is the 
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sUbscript for nonclear zone, and K is the subscript for curb. The reporting level is the 

estimated percent of fixed object accidents which are reported, since not all collisions are 

reportable. 

CASE I 

CASE 2 

CASE 3 

CASE 4 

CASE 5 

PI = (Cu) (Ru) P[Y;"Lul + (CF) (l-Cu) (RF) P[Y;"LFl 
+ (i-CF) (l-Cu) (RS> P[LsS YS LNl 
+ (l-CF) (l-Cu) (R N) PlY> LNl 

PI = (Cu) (R u) P [Y;"Lu1 + (l-Cu) (Rs) P[LsS YS LFl 
+ (l-Cu) (CF) (RF) P[Y;"L Fl 
+ (l-Cu) (i-CF) (Rs) P[LFS YSL Nl 
+ (l-Cu) (l-C ,) (lIw) P[Y;"LN) 

PI = (C u) (Ru) P [Y;"Lu1 + (l-Cu) (RS>P[LsS YSL Nl 
+ (I-Cu)(RN) P[Y>LNl 

PI = (CF) (RF) P [Y;"L Fl + (i-CF) (Cu) (RF) P[Y;"Lul 

+ (i-CF) (l-Cu) (Rs) P[L sS YSL Nl 
+ (l-CF) (l-Cu) (RN) PlY> LNl 

PI = (CF) (RF) P[Y;"I,Fl + (l-CF) (RS>P[LsSYSLu1 
+ (I-CF)(Cu) (R u) P[Y2:Lu1 
+ (i-CF) (l-Cu) (RS> P[LuSYSLNl 
+ (i-C F) (i-Cu) (R N) PlY> LN) 
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CASE 6 

CASE 7 

CASE 8 

CASE 9 

CASE 10 

PI - (C F) (RF) P [Y;':LFl + (I-CF) (R.,JP[LSS YSL Nl 
+ (l-CF) (RN) P[Y>LNl 

PI = (RS) P [LSS YS Lul + (Cu) (RU) P[Y;':L ul 
+ (I-CU) (R.,J PILUS YSLFl 
+ (l-CU) (CF) (RF) P[Y>LFl 
+ (l-Cu) (I-CF) (R.,J P[LFS YSLNl 
+ (l-Cu) (l-CF) (RN) P[Y;':L Nl 

PI = (R.,J P [LsS YS LFl + (CF) (RF) P[Y;':LF 1 
+ (I-CF) (R.,J P[LFS YSLul 
+ (l-CF) (Cu) (Ru) P[Y;':L u1 

+ (l-CF) (l-Cu) (R.,J PILuS YSL Nl 
+ (l-CF) (l-Cu) (RN) P[Y>LNl 

PI = (R.,J P[LSYSLUl + (CU) (RU) P[Y;':LU1 
+ (l-Cu) (R.,J PILuS YSLNl 
+ (l-CU) (R N) pry> LNJ 

PI = (R.,J P[LsSYSLFl + (CF) (RF) P[Y;':LFl 
+ (l-CF) (R.,J P[LFS YSLNl 
+ (i-CF) (R J;l pry> LNJ 
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CASE 11 

CASE 12 

CASE J3 

CASE 14 

CASE 15 

CASE 16 

PI = (Rx) P[YSLul + (Cu)(Ru) P[Y2:Lu1 
+ (I-Cu) (Rx) PILuS YSLF 1 
+ (I-Cu) (CF) (RF) P[Y2:LFl 
+ (I-Cu) (I-CF) (R,,) P[LFS YSL Nl 
+ (I-Cu) (I-CF) (RN) P1X> LNl 

PI = (R K) P[YSLFl + (CF) (RF) P[Y2:LFl 
+ (I-CF) (Rx) P[LFS YSLu1 
+ (I-CF) (Cu) (R u) P[Y2:L ul 
+ (I-C F) (I-CU) (R K) PILUS YSL Nl 
+ (I-C # (I-Cu) (R N) PlY> LNl 

PI = (RK) P [YSLul + (Cu) (Ru) P[Y2:Lu1 
+ (I-Cu) (RK) PILuS YSLNl 
+ (I-Cu) (RN) P[Y>LNl 

PI = (RK) P[Y<LFl + (CF) (RF)P[Y2:LFl 
+ (I-CF) (RK) P[L F< Y <LNl 
+ (I-CF) (RN) PlY> LNl 
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In calculating the value for conditional probability (PI)' an important variable is the 

utility pole coverage factor (Cu)' It is calculated using Glennon's model which calculates the 

roadway shadow length for each object. 

Assuming that a single ftxed-object such as a pole has a 0.5-ft square dimension, the 

equation for shadow length is then given as follows: 

Shadow length = 0.5 + 6cscIJ + 0.5cot 

where 

8 average encroachment angle 

11 deg. - rural 

7 deg. - urban 

Thus, the shadow length in urban and rural areas is 53.81 ftlpole and 34.52 ftlpole, 

respectively. The utility pole coverage factor (Cu) is given by the following expression: 

where 

Cu = utility pole coverage factor, 

SLxPD 
5280 ft 

mile 

SL = shadow length in feet per pole, and 

PD = pole density in poles per mile. 

The 16 basic equations have many different variables which must be input into the 

expressions. To determine some of these variables, several assumptions, simplifications, 

classifications, and parameter values were applied. 
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Zegeer and Cynecki have listed many example values for these variables which are 

shown in Table H-I Q8J, The values for the probability of an encroachment equaling or 

exceeding a lateral distance for urban and rural areas are presented in Figures B-1 and H-2, 

which were taken from the study by Glennon and Wilton (W, Zegeer and Cynecki also 

obtained the reporting level factors from NCHRP 247 through the process of subjective 

estimation. 

Calculation Of RQadside Acljustment Factor 

A step-by-step procedure was presented by Zegeer and Cynecki for the calculation 

of the "Roadside Adjustment Factor (HR>". It is summarized in the following section. 

StOJ) #1; 

For the existing roadside condition, list the values of the follo~g variables: 

Lu = average lateral offset of the utility poles 

LF = average lateral offset of fixed objects 

Ls = distance of break in slope for rural areas 

LN = lateral distance at which the nonclear zone begins 

StOJ) #2; 

Repeat step #1 for the condition expected after the countermeasure is implemented. 

StOJ) #3; 

For both the before and after situations, the appropriate equation must be chosen 

from the 16 available cases. This is based on the order of the obstacles from the roadway 

edge, 
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TABLE H-l 

Example Values Used in the Roadside Hazard Adjustment Model 

Coverage Factor Classes for Utility Poles (Cu) and Fixed Objects (Cp) 
Cu 0.065,0.130,0.195,0.260 
Cp 0.10,0.35,0.65,0.90 

Lateral P1acemcot of Roadside Hinge Point Lx (ill Feet) 

Lx-IO 
Lateral Placements of Utility Poles Q,-u) and Fixed Objects (Lp) in Feet 

Run! Lu - 5, 10, 15,20 
Lp - 5, 10,15,20 

Urban Lu ... 2. S. 10.15 
Lp "" 2,5,10,15 

Lateral Placement of Non-Clear Zone ~) in Feet 
Rural LN s: 30 
Urban LN = 20 

Exceedance Probabilities for Lateral Displacement of Encroaching Vehicles 

Late'" 
Displacement 

!&!l Probabiljty 

5 
10 
IS 
20 
30 

Reporting Level F.ctors 

Fixed Objects 
Utility Poles 
Cum. 
Nonclear Zone 
Slopes 

0.96 
0.87 
0.70 
0.58 
0.30 

Rp = 0.90 
Ru ., 0.90 
RK = 0.10 
RN ., 0.50 

pm Slope 
10: 1 
6:1 
4:1 
3:1 

Note: 1 foot = 0,3 m 

Cut Slope 
6:1 
4:1 
3:1 
2:1 
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Late'" 
Displacement 

!&!l 

2 
5 
10 
15 
20 

Ils 
0.05 
0.20 
0.30 
0.60 

Probability 

0.92 
0.77 
0.57 
0.40 
0.27 
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St"l' #4: 

Detennine the values for the following variables in the before and after situations: 

Ru - reporting level for utility pole accidents, 

RF - reporting level for fixed-object accidents, 

Rs - reporting level for slope accidents, 

RN = reporting level for nonclear zone accidents, 

RK - reporting level for curb accidents, and 

P[Y~LiJ = probability of equaling or exceeding the nonc1ear zone lateral distance. 

Step #5: 

The probability of a utility pole accident (Pu) must now be computed for both the 

before and after cases, as shown in the following expression. It is done independently of 

other roadside conditions. 

Pu = (Cui x (Rui x P[Y?cLul 

S!e» #6: 

The expected change in the probabi lity of a utility pole accident (t.Pu) is calculated 

by the following expression: 

where 

Pu - change in the utility pole ""eident probability after a c< 

been implemented, 

lsure has 

PUl = probability of a utility pole accident in the before condition, and 

P U2 = probability of a utility pole accident after the countenneasure has been 

implemented. 
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Step 1/7; 

The probability of any roadside accident (PI) occurring for both the before and after 

conditions must now be calculated. This is performed by using one of the 16 equations for 

both the before and after situations. 

St .... #8; 

The expected change in the probability of any roadside accident ("PI) is calculated 

by the following expression: 

where 

lJ.P1 - change in any roadside accident probability after countermeasure has been 

implemented, 

lJ.Pll - probability of a roadside accident in the before condition, and 

AP12 - probability of a roadside accident in the after condition. 

SI .... /19; 

The roadside adjustment factor (H.) can now be calculated by the following 

equation: 

St .... #10; 

With the hazard reduction factor known, the net reduction in total roadside object 

accidents due to a utility pole countermeasure can be calculated by multiplying H. by the 

expected reduction in utility pole accidents. 
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Example CaiculatiQn 

The calculatiQn Qfthe "Roadside Adjustment Factor (HR)" can be shQwn thrQugh the 

use Qf the fQllQwing field example, as shQwn in Figure H-3. 

Given: (Urban LocatiQn) 

BefQre: 

After: 

PQle Density = 40 poles/mile 
PQle Average Lateral Offset = 2 ft frQm curb 
Fixed Object CQverage = 3 treesl200 ·ft 
Fixed Object Average Lateral Offset = 7 ft from curb 
NQnclear Zone = 20 ft from curb 

PQle Density = 40 poles/mile 
PQle Average Lateral Offset = 10 ft frQm curb 
Fixed Object CQverage = 3 treeS/200 ft 
Fixed Object Average Lateral Offset = 7 ft from curb 
NQnclear Zone = 20 ft frQm curb 

Cu = (SL x PD) I (5280 ftlmile) 
Cu = (53.81 ftlpole x 40 poles/mile) I (5280 ftlmile) 
Cu = 0.408 

CF = 0.50 (lID 

SI~P #1 : 

Lu = 2' 
LF = 7' 
Ls = 0' (urban) 
LN = 20' 

St~p #2; 

Lu = 10' 
LF = 7' 
Ls = 0' (urban) 
LN = 20' . 
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St"l! #3: 

Before: Use Case 12 

After: Use Case 13 

Step #4: 

Before: 

After: 

Ru = 0.90 
RF = 0.90 
Rs = 0 (urban) 
RN = 0.50 
RK = 0.10 
Ply> LNl = 0.275 

Ru = 0.90 
RF = 0.90 
Rs = 0 (urban) 
RN = 0.50 
RK = 0.10 
Ply> LNl = 0.275 

St"l! #5: 

Pu = (Cui x (Ru) x P{y"?Lul 

Before: PU1 = (0.408)(0.90)(0.89) = 0.327 
After: Pm = (0.408)(0.90)(0.565) = 0.207 

St"l! #6: 

Pu = PUI - PU2 = 0.327 - 0.207 = 0.120 

Step #7: 

Before: (Case 12) 

PI = (0.10)(0.11) + (0.408)(0.90)(0.89) 
+ (0.592)(0.10)(0.215) 
+ (0.592)(0.50)(0.90)(0.675) 
+ (0.592)(0.50)(0.10)(0.40) 
+ (0.592)(0.50)(0.50)(0.275) 
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= 0.011 + 0.3268 
+ 0.0127 
+ 0.1798 
+ 0.0118 
+ 0.0407 
= 0.5828 

After: (Case 13) 

PI = (0.10)(0.325) + (0.50)(0.90)(0.675) 
+ (0.50)(0.10)(0.11) 

SIep #8: 

+ (0.50)(0.408)(0.90)(0.565) 
+ (0.50)(0.592)(0.10)(0.29) 
+ (0.50)(0.592)(0.50)(0.275) 

= 0.0325 + 0.3038 
+ 0.0055 
+ 0.1038 
+ 0.0086 
+ 0.0407 
= 0.4949 

~PI = Pl1 - PI2 = 0.0879 

SI.., #9: 

~HR = ~P!~Pu = 0.0879/0.120 = 0.7325 

Compare: 0.75 (Tables developed by Zegeer and Cynecki) (l.8) 
0.749 (upACE Computer Program) (2l)) 
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BREAU WAY CONCEPTS 

The breakaway concept for utility poles is considered a realistic alternative for 

improving the hazards of a dangerous roadside object at a reasonable cost. The breakaway 

concept must be designed so that the wooden utility poles can be easily and economically 

modified in the field. 

Most of the research and development for breakaway mechanisms pertaining to utility 

poles has taken place in the 1970's and 1980's although the concept for luminaires and sign 

structures was developed in the 1960's. The major breakaway designs are described in the 

following section. The discussion focuses on (I) the Breakaway Concept; (2) the Breakaway 

Stub Concept; (3) the Slipbase Concept; and (4) the Hawkins Breakaway Concept (HBS). 

Breakaway Congmt 

Early development of the breakaway concept for wooden utility poles was conducted 

at Southwest Research Institute (SwRI) in 1973 QID. Later, this concept became what was 

called the "RETROFIX" concept. The objective was to determine the feasibility of modifying 

wooden utility poles so that they would break away when struck by out-of-control vehicles 

causing only minor injuries to the occupants. The modified breakaway utility pole still had 

to maintain its structural integrity in order to sustain service loads under environmental 

conditions. 

The method used to effect the weakened wne in the poles was to drill and cut a 

pattern of holes and grooves at two different heights, as shown in Figure 1-1. The idea of 

exposing parts of the inner pole to the elements was a concern. But, it was determined that 

a field application of preservatives would offer protection. Another concern was that under 
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high winds or icing, failure may occur at one or both weakened sections; although, design 

calculations showed that the modified pole would withstand the environmental loading 

conditions. 

FIGURE I-I. 

SCHEMATIC OF BREAKAWAY CONCEPT 

"' '" 

It was concluded that the probability of a severe injury or fatality was almost certain 

for an unmodified utility pole accident for unrestrained occupants even at speeds as low as 

15 mph. The possible hazard due to a detached pole from the breakaway concept was 

determined to be problematical. 

Breakaway Stub COn""l'l 

The breakaway stub concept was developed at the University of Nebraska in 1979 

m. The design consisted of retrofitting existing poles to yield when struck by an errant 
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vehicle at low speeds. 

The stub concept worked in a similar manner to the design developed by SwRI. The 

stub portion between the lower and upper brealcaway joints, as shown in Figure 1-2, would 

release when struck by an errant vehicle, thereby allowing the vehicle to decelerate at a rate 

which was tolerable to its occupants. The breakaway joints were made by drilling a 

horizontal row of I-in . diameter holes, as shown in Detail A of Figure 1-2 . 

After the vehicle knocked out the brealcaway stub, the upper portion of the pole 

would fall and be supported in an upright vertical position by the power lines. The fmal 

upright position of the pole required that <a) the wires stay attached to the insulators, and 

(b) the wires would have enough sag to allow the pole to fall without snapping the wires. 

The impact severities computed for non-breakaway versus breakaway utility poles 

showed that: 

L Breakaway utility poles are effective in reducing injury accidents. 

2. Standard size vehicle impacts are less severe than subcompact vehicle impacts. 

3. A standard size vehicle colliding with a non-breakaway utility pole was equal in 

severity to a subcompact size vehicle colliding with a breakaway utility pole. 
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The breakaway concept was shown to be very cost effective, particularly for utility 

poles located within 10 feet of the street. The concept appeared to be more cost-effective 

in the case of the 4,500 lb. vehicle, although there was over a 95% probability in the case 

of the 2,250 lb. vehicle that a reduction in injury accidents would occur from modifying 

utility poles within 20 feet from the street. 

In 1979 it was estimated that °it would cost an average of $15 to retrofit a utility pole 

to make it breakaway. At a pole spacing of 150 feet; it would cost approximately $540 per 

mile per one side of street. Using a 15 year life, 7% interest rate, and zero salvage value, 

the annualized cost of retrofitting was approximately $60 per year per mile. 

Slipbase Concept 

In the early 1980's, at SwRI, Bronstad designed the triangular, three-bolt, 

multidirectional slipbase which Labra, Kimball , and McDevitt used with timber utility poles 

U2l. This appears to be an adaptation of a slipbase for luminaires developed by Edwards 

in the 1960's~ . 

The slipbase concept consists of retrofitting in situ timber poles with a slipbase. This 

method involves segmenting the timber pole near ground level and installing an I8-in.long 

cylindrical sleeve on the exposed end of the stub as well as the end of the upper timber 

segment, as shown in Figure 1-3. The empty region between the pole and the steel sleeve 

is then filled with a high compressive strength mortar compound. The upper and lower 

sleeves are connected by pretensioned slip bolts. A keeper plate is installed to prevent the 

bolts from working loose. A crossarm release mechanism (CRM) was implemented to 

reduce the chance of service line rupture due to the crossann snagging on potential lower 

crossarms. 
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The breakaway slipbase for wooden utility poles has been shown to considerably 

reduce the severity of impact for an errant vehicle and its occupants (8). The utility industry 

should also be pleased with the fact that modifying existing poles with a slipbase design 

should not significantly affect the pole's ability to perform properly under severe wind or ice 

loads. 

FIGURE 1-3. 

DETAIL OF SLIPBASE 'CONCEPT 

.) , •. , lOLl tI~tU 

tr'IPIIlOIIIUI 
tr "'111",.11 

The costs associated with implementing the slipbase have not been estimated (2). 

The cost for materials for the steel slipbase unit was estimated at $200. 
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Hawkins Breakaway System (HBS) 

The Hawkins Breakaway System (HBS) was developed at 'IT! in 1985 in an effort 

to build on the oonventional slipbase technology au. This system was named after D.L. 

Hawkins who was the first to suggest slip bases on roadside structures and was influential 

in their early development (42). 

The HBS consists of a lower connection or slipbase, an upper connection or hinge 

mechanism, and structural support cables, as shown in Figures 1-4 and 1-5 au. The slipbase 

and hinge mechanism activate upon impact and are intended to reduce the inertial effects 

of the pole on the errant vehicle while minimizing the impact on utility service. 

The slipbase was designed to withstand the overturning moments imposed by service 

wind loads and at the same time slip when struck by an errant vehicle. The upper hinge 

mechanism is sized so as to adequately transmit service loads while hinging during a 

collision to allow the bottom segment of the pole to rotate out of the way. The upper 

connection reduces the effective inertia of the pole and minimizes the effect of any variation 

in hardware attached to the upper portion of the pole during a collision. 

The overhead guys (one above the upper connection and one below the neutral 

conductor) are intended to stabilize the upper portion of the pole during a collision and to 

insure proper behavior of the upper portion. 

It was estimated that the initial cost of a new HBS installation for a single pole unit 

would be $1675 (including $800 for the slipbase, upper mechanism, overhead guys, and 

otiscellaneous hardware; $570 for equipmeot and labor; and $125 for a new pole). After a 

collision in which the HBS was fully activated, repair costs ane estimated at $1000 (including 

labor, equipment, a new pole, and replacement of some of the breakaway hardware). 
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A number of major conclusions were obtained from the results of crash tests 

conducted on the HBS (£l). In collisions at speeds between 20 to 60 mph with vehicles 

between 1800 and 4300 lb. gross vehicle weight, the average probability of severe injury 

[abbreviated injury scale (AIS) > 3] had been reduced by 91 %. In collisions at speeds 

between 40 to 60 mph, the probability of severe injury has been reduced by 97%. These 

reductions are far in excess of what most researchers considered probable. Zeeger and 

Cynecki used example values of 30 and 60% reduction in injury and fatal accidents in their 

benefit-to-cost studies for the FHW A (18). 

Although the 60% value may not be unreasonable if AIS injuries of 1 are considered, 

it appears that injuries would be considerably biased toward the minor and moderate injury 

levels (AIS levels 1 and 2) (£l). It was still thought that Zegeer's and Cynecki's use of the 

60% overall injury and total accident reduction may still be too low when accident costs 

were detennined for the HBS. Thus, the HBS would be cost-effective in a wider variety of 

situations than was originally predicted. 

323 



324 



APPENDIX] 

CALCULATION OF ROADSIDE COVERAGE 
FACTOR AND A VERAGELA TERALOFFSET OF THE FIXED OBJECTS 

I. SITE #1 CALCULATIONS · ............. .. .................... . 

2. SITE #2 CALCULATIONS · ..... . ....... .... .. . . .... . .. ... . ... . 

3. SITE #3 CALCULATIONS · ............................... . .. . . 

4. SITE #4 CALCULATIONS · ................................... . 

5. SITE #5 CALCULATIONS · ..... . ............. .......... . ... . . . 

6. SITE #6 CALCULATIONS · ................................... . 

7. SITE #7 CALCULATIONS · ..... . ................ . .. .. ... .. ... . 

325 

Page 

327 

333 

335 

337 

341 

345 

347 



326 



SITE #1 

CALCULA nONS 

327 



li'D.3cilCom / M .. J" '" U ~_A 

"~,, '')" .<;T '0 +h Z7' -/I. 
Po... J '* 4-

(<;,S~ D~;~: ~ (, ,SI~E S~Je ') TOTAL 
S~m4I.l"\t 1 P.,f . C,,"; 0 .. ' o· :t c.VU"o.~e. ·0' ,. d., . Ok C.~I'".j2- COVERAGE 
Lt£f:-,U, :j; Ay.(~ut ";;t A~i~ F"o.c+or- '1F A.(~).t I ~~'Plh Av\!. OUset fa.dot- FAcroR 

I<t .\ 
I 10 -,."" 3 10.f.7 - - ."" . 8 13. ZS 10 I~.OO 

~ z - - - • 3 CO z. f'--
.31"00- ~OO :z /1,00 - - 3.'> • - - - 0'. 7.'" 
4 """ - BIJtJ I IfI.OO - 19· Jz.OO - • 
S "'" 1000 Z 7.CO zz 18.CO 70 • z 11.00 35' 5Z.S· 
4 ""-/ZOO :z 7.50 19 18.CO 70· 2- .00 S .5 " 
7 IUlO- .0 - - " .33 - - 0 " • 
8 - ,,,,.q; - - • .00 • 
7 10. flL_ '10 18.00 • 1501.7 - 50 % -
" ~Beo-zooo Z 1.00 - - 3..,. 5 '4.~0 - - 7 ~ • 
1/ zo::o-zzoc Z JZ.OO - =" z. 3~ 0 00 70 .sZ. % 
I zzc.:o-z400 - - - o 0 Z- 110 14 ()() 70. .3S 
13 </CO- zt.C{) 1 10. CO - - 11" 1 11.00 - 19°0 19· 
14 z.oo-z9/X) 4 13.510 - ~4· 4 /0.75 l'l 7.00 :m z.. 
15 B00-3O«> .s- 10.00 77 0 3 00 1 .00 ~I 
It. oc(>-.3Z00 Z 8.00 14z 7.00 • .s 100 . . 
17 200-3400 I lSOW 18 7.00 '0 1 . 00 /0 .00 38' <JU,0 

II 1:J.f00- .3WO I 13.00 - 0 2.0 7.00 1M' 59.S 0 

" ,"00·3 11.00 • 3 /0.33 100 /D.OO lio .59.5r. 0 

z --~ - - O· 3 <1>.33 4, 5.00 <1Z.S· 
ZI «O-4Zoo 4 9.00 14- 7.0() 00 - zOO .,DO IDO 
u fZCXl-~ 3 7. 00 163 7.00 100· eo 2 00 ~.OO Jrooo /00 
Z3 14400-""'" I 7.00 liPS 7.00 /00 • zOO "'.OU • 

i?il 



"0" ST. FROM zf/>. TO 48-1h 
SIDE • .1 

(50"'/1, S;~p \ 

~""'..QI",",i&<4""'-/!'i-~""'-I---- -,-*' Fo.c.~ 

.l.41ot..oo-. IOO~ 

3' .... 

~~ 
~~ 

j-

Z 

-7 

~. 00 I ZOO I ~ . .sO 

8. 3.:. 
.00 

'.00 

,QQ 

~
o 

32. 

3' 

41 

12.00 
~.SO 

7.-50 

'.00 
'-00 

11.00 

(" • 00 
ZDD 7.(X. 
14~ . .- ~_ 50 

If)()~ 
(g9 ~ 

~ 

i DclCuCom / • M.,,~. ". u.~ ..... 

SIDe "z 
.(N",.--tb S;de.) 

# A;~(~L)-- I ~~~'(~L'-
zoo ~.ro 
zoo 4>.00 
zoo ~.OO 
zoo ",.00 
zoo 4>.00 

:+___ zoo <P. co 
.CO zG> 7.50 
00 

:00 
'.00 

.00 

PdQ" Z 0+ 4-

C.~I"".r=­
Fa.etcn-

10< 

fgg~ 

.'l.' 

TOTAl. 
COVERAGE 
FACTOR 

~ 
~ 
.5 
.5 
.34.S 
4~ 

o :zz. /Z..oo &,Z 0 

O. Z8' JZ. • 
38.5' JS. " 

.5"Z. 7 7B40 / 1. 
~ 

'''' IOJV'. s: • z 
20' 17z.sQ .. -~ 77 Z(" 

j(:::',31 ~ '(. = 2.00 -- ~ 7.23 -
Ol1scld 9. 

I 

----
OF 48"'" s:r: {WEST SIbEOF. liT 70A"I:t 

I-

I-

_ .. .tr 

"' • ;;-
~ 

~-



Z(,.3~ 7~~a;O -

I 8«D-8UC J 
Z~S400-

3 ~ua> J 
4 SlDOO-S&W Z 
s ~&ll6-9t:t:i) 1 
' 'lca>-9Zd> 2. 
7 92ll>-94d. 3 
8 ')4d)- 9M:l> t, 
' 9frd)- 98lC 3 
/0 ~rJ)-J()O(:/) .s 
,, KJtm-102/i. 3 
IZ JI\.,M.IMM 3 
/3 IAN>II...INJil 3 
14- II\ /_N\_ .ON J 
IS 111fYf'-11 (J()(J I 
I/, IJJtx:i>-llz(f) 3 
I? IJJ2N\-J1411J -~ 
I 'llmw~ 1/IJI'J I 
19 [lJ/o(j)-JJ'Jfi 
20 IJJ~.J7ra -
Z I IJ7rif}..J.,..,II 1 
Z..ZII77N}..Jz4o0 2. 

SIDE '*".1 r s. Ll-ih-si le~ ') 

7.00 

13.00 
I (g. SO 
7.{)() 
f!.OD 

14.00 
9.3.~ 

}Z.33 
13.00 
J4.DO 
19. 3.~ 
19.00 
IZ.CO 
9. 00 
ID (X) 
JZ.~3 
/9. ()() 

Jo.oo 
11.50 

JBD 8.00 
/lPZ. ~.00 
116J K.OO 
'/4.5' 7. 33 
IDS 7. 00 
~z s.so 
79 ltJ. 50 
S )Z.OO 

29 /2.00 
44 14.00 
44 9. OD 

7.5 9.00 
?s- 9. ()() 

13 • .S 'lJ'.OO 
/f>O ~.()0 

sD ~.oo 
(Q(o CJ.DD 

o% 
/00% 

JOD% 
9~% 
99% 
91D% 
gso 
)00~ 
Joo% 
85° 
JO()'Jo 
ss~ 
so~ 
.SC>'o 
to'!% 
83% 
.5'0°' 
8?% 
19~ 
.3sr 
6,4J 
S4~ 
&5"~ 

fP: DiJCil[Om I r.-. ... 1. ' " u ~A 

v 

I Pant () b ;.,_ --+~ lt":on+;,uJ) Lc;. OJ..;ec:J..s c.~,."je,. 

# Ava. Offset J..e~h Ave. OH"set Fo.c.tot-
(f-L) U.f.~ {ft..) 

z 15.()0 -
z_ /() 00 -
z JJ. OD 4Z 
1 /9.00 /33 

?4 
--- J4f}9 

I 13. DO Z4> 
I Jlo . 00 

9.00 
.9. 00 
tt.OO 
cn.oo 
7.00 

z /3.50 
4 /0. ~0 

17.~'5" }9.00 
194-.5. }4. {){) 

I 9. 00 
1 11. 00 
Z 7. DO 
(o }.S. 33 
4 /2.75 
I /0. 00 
z. 
Z . 
I 
I 
I 
) 

/5'.56 
Ito 00 
)£.(){) 
14.DO 
IZ. tJO 
JZ.OO 

7Z 
&3 

7. 00 
JZ.OO 

ZZ..8 IS:OO 
14z.s Jo.oo 

.3S Yo 
35% 
70% 
/00% 
to4% 
8'9% 
.54% 
19 Yo 
ZO% 
/00/b 
/9% 
~9% 
gs% 
~<J'jo 
'19, 
54% 
35% 
35% 
J<Jo/o 
/9% 
!9% 
;tJr, 

0/'o 

TOTAL 
COVERAGE 
FACTOR 



iO::i.iJ[DI~ / ' M.J.. ," lJ ~J\ . 

"0" .s-r ro, 48~ TO (".~." fhQ(,- 4-# 4-

(~~JtE s~Je) (,S:H?E "z ,) 
v 

S"de TOTAL. 
S~""(t.,~ P.'o ru,'" c ..... ;'" 0.. Ok .. t .• c. .yc.ro.~e.. ,. . Ok Cutr~e. COVERAGE 

~tr.,u, ,. Av.(~~u-t "(;1' A~. O<f,;d FAc.+«- 'IF A",(;::;et ~~r~~ A,(~:; .. t Fo..etD"- FACTOR 
. (<-1.\ 

Z3 -' 13. t.7 7.." 14.00 t, Z At) - 3570 52 
24 3 . 00 Z. - . .s - , . 
z - - • z. "",0 35'1'0 17. • 
zt. 3000-132 .~~ - 50 .00 - /9 ,/, 

~ 
;~ 

~ 
~ 

~!O'1A1~ S 7.50 7 7 
A.... --", flv, __ 2 . S!2Ii(. ~1. 

-

1Gr.7 

O-C ., -
... -

ri * . .. 2_ . . Z;" clI, ,% 
" . 7 , ... /)' • 

.- .. 
l:>ec~ - 53(., " mCr-· H ' • 

~ ,.0' i 7B4lJ I r.1.~ + 5Jj .79 ,) . 1 '% 
. 

ifC -
OJ r, ._ 1~'U,,, ~(II.M' .1 .IZ' I 

~ f¥= LATI' 



332 



SITE 112 

CALCULATIONS 

333 



If!: DdtiJCom / M""" ,, u.s.A. 

'vJAYA F IJEBK'ASk'A AL()t\JC, Sf=VEAlTI-l ST. 'F~bM SJ.IEPNlAf\. TO M.4I 
SIDE • .1 SIDE •z 

( Sou+h S~Je. .) TOTAL 
S~mw.n-c Po:n: O.h :e.c.L.s Confin~ 01.4& Ob;~ts Covtrc:\3(.. Po. .. f o b ;.,_..,_t_.: IC'""'+:null l.<. OLiect,s,_ Co...er•~e.. COVERAGE 

\i+~ih :#; Ave. ~4c.t: ~~Ave.~ Fo.d<>r- # Ave. Offset. J..til84h Avt:. OHset FCLdDt- FACTOR 
(++.\ ( . :) (-H,) (H .. ) (ft) t+t.) 

I tl - ~. (}/'} z ~.00 - 3S% 
z zoo- 400 .s- 14. 8() 77% 
3 1_00- fJ,OO 4- 8 . .so 41 3.00 99% 
4 ~00-<j!tx) z 9. 00 35% 
.s ~ro-/000 3 ?. {)0 - .so% 
4 1000-/Z.OO s IZ.40 - 77% 
7 l1z.00- /iOO 3 8.tD7 - 50 if> 
8 li4CD ·JfD(i) 3 J'J.DD .5'0/o 

' /( .tD-1800 3 /0.00 /'I /0. 00 R5% 
J() 15U&-z«D - 14 17. O{) 35% 

'2 .=w .340.0/ 74 56'/ -5'9 . .3% ~7/f 
Ave. • 11.3..~ lx=1.31 Avt>..r7..45 

--

IFIXEt 0 B:l"ECT r..nVE. IFAt;E FAC74 DP: 15'"?.. B%1 
I 

IFI'n;l ~ 0 I.S.._fECT AVEJ ~~I; J. llll t=Kii ~ OI=FSEJ . I IY.31 ~ ~- I • 



SITE 113 

CALCULATIONS 

335 



f!• OiJwCom/ 
M.u l•· '" U:<tl\. 

WAYN ;:- NEBF?A._~k'A JH .. otJG SE\ FtJ/J..l ST. FROM NERI?Jl')l<A TO WAl-NUT+ 

I o -zoo 3 
z. z.oo- 400 z 
3 4C:O ~00 z_ 
4 (oQ0--_~00 _.tf_ 
S ~o0-{000 ) 

~ lt()O{>-IZ.OO 3 
7 IJz.D0-1400 Z . 

SibE .,. .1 SIDE '*z 
(Sou-l Side. ) ( .. \....... Side) 

9.33 - 5C(o 1 )7,()0 19% 
14.50 35 i'o 8 '·50 - Joo Cfo 
8. DD - 3.._C) 0/n (o /0.33 - 89% 
R.so - to4% '"-~ azo 77%_ 
4. ()() - )9 % 8 7. 00 /00% 

/D. 00 SC% 3 7. ()0 5{)% 
/Z.OO - 35% & 8'.50 89% 

17 )(,4.'19 0 0 .37 Z99. 9fr 0 () 
Avt>. = ?.71 IX= 9.71 

II ..,...., 1,. = "1.71 + g, 

J -

TOTAL 
COVERAGE 
FACTOR. 

..34.5% 
~7.So/t 

(QZ. 0" 
7D .... ~~ 
..59~.5 •;o 
_5J). ov•o 
CDZ.O% 

SR.D%*- ~ 



SITE 114 

CALCULATIONS 

337 



It Datacom / f,I .. dr '" II ~ A , 

Sf'ieJ };;",;f= 35"IOY'I\ (ZliOe- \Va" JaIiLd W4Il ) UtI'TJO)!) AO'CfYlCe. .6JvJ·1 
3-J,..ne.: 30' (-4-1or. ... ) ..,J'" fJ,/J3/'10 
,-Sl.e_Wet- "-r.:'" 
5~",+: C ",,..;..,.. s+. ,I. .. L A At. ~"" 

{r rIJ.'l.~.1 (L.)pc.~I~..l~\ 
S~rnt.l1t PD;" Ob' , j. co..,};" 1.1" Ob'f£.t c .. vu-o.~e. iPcint OJ . c.ts . 

~"N,\l), OJ. A".(:~ •• t k.'1,' A~(:rd F.d.... # A,(~)<t (':t A'i'i.t. 
1 10-200 4- 1."1 10.00 100 0 Z. 10.5< 2 I~ 
2 ZOO-400 3 DO Z. 13.1)0 IDC '0 3 Z I. Z 19. 
3[.o(oo-!.I)C 3 . ,." IZO Iq.OO 100' 0:3 S.t. wo ZOo 
of 2. DC - • 3 ID.3; 
., 2 k:8 - 35 
.. 1frll-,2dJ 2 1 ..... f)(. - ::t.'> 
7 
8 rUin. 
1 
10 
1/ 
12 

~ 
~ 

12 .£!L 

~Im§ 
r..f£ -//.7 

t. 

//.0 

-11:>,9 lIT. 
[~ 
+-~LL7_ ,; 

eli 

'wt 
~ 

5 12.40 

/ II. OC 
II 9.00 

1I;0l 

1-4 fl( 

13 1

/3 rID 12. 

25 I II. 

C.'Ilr'"a~e.. 

Fo...eto'r" 

I-o /Or) 
o 
I:) 0 

o 0 

~.£.\" 

7 - 23 I 5r. 15'Yn 

11.33 
9 • .!:J!L 
~ 

..:z.E.... 
~O 
15?~ 

40 I/Z.OO 
/,,'7 17 . 8,'<' z, 

:z Zli:r 
, fI' 

'i~ 

ToTAL 
c.oVEl:'AGE 
FACTOR. 

..l.OO 
'00 

!W.~~ 
Z3',!;'k 

SO. 
59.S% 
~ 

5(; 
1.9.;: 
~ 
5 

Fz'i 
...:1.J.. < 

9. 

3 

41. 

~ 
" 



. . 
It OiJCiJCOm I M.odc ,, u.s A . 

Flu. ilrCJ! 8/vJ . 
fiJ/13/1fJ 

. 
S.L....l.. ·-· . CuMiWW~ s+. ~ ~ak~ ~. lAFTE~\ 

(1 SI~Je • .1 Ea:st s j, e._J ... Je.4IDE :J (u. sicle. TOTAL 
S~mt.nt P.,:nf OJ, ·.e.Gt5 Con+; I"!~ Olol& Ob\~ts Covc.ra3e.. Point Obie.~t.s lr,"'~: ... Jnac. Ol,;ec:l.s c.~r-~e, COVEl? AGE 

~'t+~t.h :ti: Ave. ~t£c.t ,._~~ A~. DH"sd. Fo.d<W' # Ave. Offse:t /..e~J, Ave. OHset Fca.etor - FACTOR 
(U.\ (' . IH.) (H..) at,) ut.) 

~ 24 I41Dt0-49rl0 4- 1~.zs 23 /9.tJO '!Cfio 4- }2.00 tAro '?.l ~1.5/f> I; zs ~--fl(fJ 1 JID.OO - 1'1% I 17.00 12% /~f'/_o 

I 5~% ~I 
v 

£ 41D SlB. 9B /Z.Z3 J357lf ss ~74.00 700 ID.40S:.dl sp_~ 

~Y'lt.:: 11.2.P. l4vQ·.= 11./D A-a = J/,6/Z. ~. J4.1* ... 
lt: JI.JfJ v \J 17:::13.2~ I,J 

-

il Ave. 1"\.cr ~P .. -f; =/~:: ~·~ J 
f--

1'4"'1 '•I.•L 

I / 

I="IY.J; J ~ c ~B.:l~c~T cov !; J?RliJJ ~ J:"AC TO ~a IS~ f~o/~ 
L 

F.ZXI!:.I ~ /) R:l"EC..T lAVE. ~IJ(i,E AT~;.~ r111. O~I=SE' r:ll2. 22' 113~ ;.5 _.... __ _. 

zoo{l~ + Joob9) i::ll•~ 

/ 4fJ, ~ =~% r / 

c ro 
)\) 

r. 



340 



SITE #5 

CALCULATIONS 

341 



I lb -zeo 
Z IZt10-~ 
.5 l4to - _(,t)C) 

"'1~00-100 

, 14m-1~ 

' 1'-00-ltCIO 
101~-z~ 
I( ZDGO-Z~d 

C.-.rll. ..C:Jt J\lu~~t~l..~ 
Cka' l Rr L I .~PJ4 w;~ ~ 
., ~~ Rb'M .-dJc:. 'To 
~ ~~ n~:n _71tc. 
,.., C'111 cr ~ Ci 1-

e oar.aeom / M.de '" u.s.A. 

.,/.n ''12" s+. + BEFO~E 

I PD.nt o t t.._c:..f:.c;. lr ,...,J.: .. 

# A;e.. Offset J..e~J, 
(H .. ) (~(.) 

•c. Obiecl.s_ C•¥1lr•~e.. 
Aw. Offset Fa.dot­

l+-t...) 
1 20.0 
4- II . ?S 42. II. 5" 

z 
I 
a 

JO.ZZ­
/J.zs-
2.0 

/O • .S 
9.0 
8.0 

40 /3.0 

3Z. '1.0 -
1? Jl.{) 
/3~ . l.~.t.? 
so J?.O 

11!.0% 
7f.O ,.flo 
35.0' 
~9'o 

)00% 
JOt> Yo 
3S"1o 
O~o 

?oo/. 
)OO,o 

SST• 

13~ '·'' 
31'1 13.ZI k3Y~ 

If st"1.ao 
II:.. 

:;-:::: "·'U_.j 1~ .. -zt = JJ.66J' I 
z 

TOTAL 
(!)VEl? AGE 
FACTOR. 

1-::z.-x E 1\ ~ B~ !=\. 1 C.O V E Pll&, t=. ;&..o~~~c 'OK : \ t;._"!{ 1Yl4 'a l 
I 



Sp~u ~ima·= 
Z-l.4roe : ZS" 
3-J..ane : 3'" • 

@'DiltaCom / M_,,~ .... It V, 

.... , 'Q_'- (.;e~·~- ~. In ··P~S-l-· A~""Ef? 
, SI~"'--_.J.. SIDE ·z 
(EAST ~T~~' TOTAL 

St:jmt.nt P-:nt . ~ C""'+;I"\ 01.1" o k .... t c .. vcro.~(.. . ~J 0 . . oJ.,. C.~n~ COvERAGE 
~'fAt}, '* A"i~ .. t: k~~ Av.1~<t F~cl«- #- A'(~,.t. ~if!.~ A7~~ .. t F .. d.. FACTOR. 

r..._-:;;:;:: 3 :;to.oo ' $--"';;- . 
~ ZOO':'J.M i=" - :d<17. 
, i4l>D-t./lO ' 'I flfl9 •• " ~. Nu..u.. 

[1.'00.:<100 --- }. ,," (,l!ll:--Tnr. 
c 8<0-'0002 • 7il -Z 9' .I. '" • 
, f(III)-jzro ~ .~.~ .IYI I bO' r :J 
, 1ZOO-14W ... ~ DO 70 . 

'I~I~~ 0 19 '~+--+-------+----+-----+-----4---------I:'; ,,~Z~ 7'l. 
) iOO- N\ 1~~~===t=t==~==~==== ' 2/;tI)- 142. 14 fY) 1§ 

So? 1 ~.":s-~ . '"" I 

rn.;;: ~ ~ Tv;;: " I.<:' 
-.:r 

~--~~----~~-.~ ,~~I 
~C~ ,70k:l~l 0% 

~~~ $ ~ ~ 75. 



344 



SITE 116 

CALCULATIONS 

345 



• 
I' OiJCilCom / M.,Io, '" u.s "-

8.." ., • .£ " 
;T "6" 61. - cApI1'VL Bl:VO: =ro '::l7H7:rON ~II+<.XJ o CI/l7/7U 

1?F 

(d.:;"D~E ;}t£) (/Jo~ffiE ·Z." .... ,) TOTAL 
5'!jm.nt I P.:o "". c,."."". 0""". c.v<r.~" I", " . .. t. . Ob- "/', Co .. roJ" COVERAGE 
~ ..... ,ih ... A,,(:~ .. t .. ~;t A~I~ Fo.o...... #- Av(~)et Wt,~ A,,;<~ .. t F""t.. FAcroR 

I I :zo.o - 19. 3 10. ~3 -SO :t. 3".6 
Z h. -/0' 12.~ - /9 - - - SY. 
.3 '" -1f3 - - 0: - " .. ' 900 ..L"" - , .. -- --, 
4 ... -os - 1">0 J I{,.O 8~. J"I-
-5 - - - On / 11 •. 0 26:0 IE, 

"~n -'" I r~.o -
7,,. -,., - - ' 
8/0. -It, - - () 
, M' _ I 13.0 
10 or -Itt -

II ", -m 
IZ I." -"'" - -
1310. _ zo:t I 16:0 14,., -ZO$-. :.1.-
IS" 05" -z., - <: ,,,1m. __ I 
17~, -ZJI 

i,; lsi /Qf4D I 0 I 0 

FIXED Olh}"EC.T ~OVEff'EE Ei 
FIXEb ~~,£:-z; lIEK (i.E l.A7 
OF~E; -= f • - - . 

~ 

-

2'0 .01 /7.0 

1.0 
I("o.ol/.{ 

9 122.fl .~ ,Qq 

1::;:-I!"Wbr;'J' 
'*-= fii7: ;1 

7~~ 

;r, 
..l, 

2 

l>.... 

ro­
~ I-

~ 



SITE 117 

CALCULATIONS 

347 



~ ~ ~ ~ ~ \ o . 
!? ~ ~ 



APPENDIXK. 

TYPICAL COST DATA FOR 
VARIOUS POLE INSTALLATIONS 

349 



Once .the initial computer analyses had been completed on the individual sites, it was 

determined that the relocation costs were not typical. Thus, two local public utility 

companies, Lincoln Electric System (LES) and Omaha Public Power District (OPPD), and 

the Nebraska Department of Roads (NDOR) were consulted to obtain typical relocation 

costs for various pole installation types. 

Since the relocation costs of the utilities was very much dependent upon the type of 

utility installation, it was necessary to try to categorize the different types of pole 

installations with the typical associated relocation costs. The utility installation type consisted 

of four major categories. They are as follows: 

I. Basic Street Light Circuitry 

2 . Power Distribution 

3. Power Transmission 

4. Transmission Plus Distribution Underbuilt 

These four categories were also broken down into more detail when necessary. as shown in 

Table K- l. 

Photographs have been presented in Figures K- l through K-6 to give a better 

understanding for some of the various typical utility and light pole installations located along 

roadways. They could be used as a guidance tool when making a initial field site visit for 

estimating initial relocation costs. 
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TABLE K-l. 

Typical Relocation Costs for Various Utility Installations 

Typical Average 
Utility Installation Type Spacing Relocation 

(ft) Cost Per Pole 

1. Basic Street Liaht Circuitry 150' $650 

2. Power Distribution 

(.) Local (Residential) 100' $1,650 
I-phase 
4-13.8KV 
Wood Poles 

(b) Large Distribution 100' $1,700 
3-pbase 
4-13.8KV 
Wood Poles 

(0) Large Distribution (Feeder) 100' '$3,500 
Heavy 3-pbase 
4-13.8KV 
Wood Poles 

3. Power Transmission 

(a) 35~9KV 300' 
Wood Poles $8,350 
Steel Poles $13,850 

(b) 115-161 KV 300' $27,100 
Steel Poles 

4. Transmission Plus Distribution Underbuilt 
(.) 35KV 300' $15,850 

Wood Poles 
(b) 115KV 

Steel Poles 300' $30,600 
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FIGURE I-I. PHOTOGRAPHS OF BASIC STREET LIGHT CIRCUITRY. 
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FIGURE K-2. PHOTOGRAPHS OF POWER DISTRIBUTION (12KV). 
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FIGURE K-3. PHOTOGRAPHS OF POWER TRANSMISSION (35KV, TOP) 
AND POWER DISTRIBUTION (12KV. BOTTOM). 

354 



• 

• 

///' ;I , 
, / 

/ 

FIGURE K-4. PHOTOGRAPHS OF POWER TRANSMISSION (35KV, TOP) 
AND POWER DISTRIBUTION (12KV, BOTTOM) WITH 
ATTACHED CABLE TV. 
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FIGURE K-S. PHOTOGRAPHS OF POWER TRANSMISSION (l15KV, TOP ) 
AND POWER DISTRIBUTION (12KV, BOTTOM). 
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FIGURE 1-6. PHOTOGRAPHS OF POWER TRANSMISSION (161KV). 
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APPENDIXL 

EXAMPLE UPACE COMPUTER PRINTOUTS 
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U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 

General Example 
U. S.A. 

SECTION 10: 0004 

SECTION CHARACTERISTICS 

SEGMENT 

BEG. HILEPOST: 
LENGTH (HILES): 

ROADWAY 

ROAD ALIGNMENT: 
NUMBER OF LANES: 
ROAD WIDTH: 
TERRRAIN: 
PAVEMENT: 
SIDE SLOPE: 
HINGE LINE: 

UTILITY POLES 

POLE CONFIGURATION: 
NUMBER OF POLES: 
POLE OFFSET: 

TRAFFIC 

SPEED LIMIT: 
BASE YEAR AnT: 

.00 
2.00 

TANGENT 
4 

48.0 FT 
FLAT 

CONCRETE 
FILL 10: 1 

20 FT 

ONE SIDE 
72 

2 FT 

40. HPH 
40000. VEH 

UTILITY POLE ACCIDENTS PER YEAR 

TOTAL ACCIDENTS: 
INJURY ACCIDENTS: 3.1S( 
FATALITIES: 
INJURIES: 
INJURIES/INJURY ACe: 

6.80 
46.3\) 

.07 
4.17 
1.31 

PAGE: 1 

RUN BY: 
AGENCY: 
DATE: 

Ronald ~. Faller 
University of Nebraska 
11 21 89 

SHOULDER TYPE: 
RIGHT-OF-WAY WIDTH: 
TRAFFIC FLOW: 
AREA TYPE: 
ROADSIDE COVERAGE: 
OBJECTS LINE: 
OBSTRUCTED ZONE: 

POLE TYPE: 
POLE USE: 

CURBED 
60 FT 

TWO-WAY 
URBAN 

.60 
9 FT 

20 FT 

METAL 

LINE TYPE: 69KV 1 PHASE 

GROWTH FACTOR CODE: 
GROWTH RATE(\): 

FATAL ACCIDENTS: .07( 
PROPERTY DAMAGE: 3 . S8( 
FATALITIES/FATAL ACC: 
INJURIES/FATAL ACC: 

1 
2.00 

1.0\) 
52 . 7_) 

1.08 
.70 



U PAC E 

SECTION: 
LOCATION: 
SECTION ID: 

UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

General Example 
U. S .A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 2 

Ronald K. Faller 
University of Nebraska 
11 21 89 

DATA PROJECTIONS SUMMARY FOR SECTION 

YEAR ADT SEVERITY ACCIDENTS PERSONS 
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED 

1 40000. 1.00 6.795 .068 3.146 3.581 .073 4.169 
2 40800. 1.00 6.899 .069 3.194 3.636 .075 4.233 
3 41616. 1.00 7.005 .070 3.243 3.692 .076 4.298 

• 42448 . 1.00 7.113 .071 3.293 3.749 .077 4.364 
5 43297. 1.00 7.223 .072 3.344 3.807 .078 4.432 

• 44163. 1.00 7.336 .073 3.396 3.866 .079 4.501 
7 45046. 1.00 7.450 .075 3.450 3.926 .080 4.571 

• 45947 . 1.00 7.567 .076 3.504 3.988 .082 4.643 

• 46866. 1.00 7.687 . 077 3.559 4.051 .083 4.716 
10 47804. 1.00 7.808 .078 3.615 4.115 .084 4.791 
11 48760. 1.00 7.933 .079 3.673 4.180 .086 4.867 
12 49735. 1.00 8.059 .081 3.731 4.247 .087 4.945 
13 50730. 1.00 8.188 .082 3.791 4.315 .088 5.024 
14 51744 . 1.00 8.320 .083 3.852 4.385 .090 5.105 
15 52779. 1.00 8.454 .085 3.914 4.455 .091 5.187 
1. 53835. 1.00 8.591 .086 3.978 4.528 .093 5.271 
17 54911- 1.00 8.731 .087 4.043 4.601 .094 5 . 357 ,. 56010. 1.00 8.874 .089 4.109 4.677 .096 5.444 

" 57130. 1.00 9.019 .090 4.176 4.753 .097 5.534 
20 58272. 1.00 9.168 .092 4.245 4.831 .099 5.625 

~OTALS 158.222 1.582 73.257 83.383 1.709 97.074 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION ID: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 3 

Ronald ~. Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 1 -- Increase offset from 2 to 3 ft. 

SUMMARY OF CHANGES 

POLE DENSITY 
POLE OFFSET 
POLE COVERAGE FACTOR 
ROADSIDE COVERAGE FACTOR 
SIDE SLOPE 
OBSTRUCTED ZONE 
OBJECTS LINE 
HINGE LINE 
POLE TYPE 

BEFORE 

36 
2 

.37 

.60 
FILL 10:1 

20 
9 

20 
2 

AFTER 

36 POLES/HILE 
3 FEET 

.37 

.60 
FILL 10:1 
20 FEET 

9 FEET 
20 FEET 

2 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION ID: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 4 

Ronald K. Faller 
University of Nebraska 
11 21 89 

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT 

YEAR SEVERITY ACCIDENTS PERSONS 
F.ACTOR TOTAL FATAL INJURY PDO KILLED INJURED 

1 1.00 5.310 .053 2.459 2 . 799 .057 3.258 
2 1.00 5.392 .054 2.496 2.842 .058 3.308 
3 1.00 5.475 .055 2.535 2.885 . 059 3 . 359 

• 1.00 5.560 .056 2.574 2 . 930 .060 3.411 
5 1. 00 5.646 .056 2 . 614 2.976 .061 3.464 

• 1.00 5.734 .057 2 . 655 · 3.022 .062 3.518 
7 1.00 5.824 .058 2.697 3.069 .063 3.573 

• 1. 00 5.916 .059 2.739 3.118 .064 3.630 

• 1.00 6.009 .060 2.782 3.167 .065 3.687 
10 1.00 6.105 .061 2.827 3.217 .066 3.746 
11 1.00 6 . 202 .062 2.872 3.269 .067 3.805 
12 1.00 6.302 .063 2.918 3.321 .068 3.866 
13 1.00 6.403 .064 2.964 3.374 . 069 3.928 
1. 1.00 6.506 .065 3.012 3.429 .070 3.992 
15 1.00 6.611 .066 3.061 3 . 484 .071 4.056 
1. 1.00 6.719 .067 3.111 3.541 .073 4.122 
17 1.00 6.828 .068 3.162 3.599 .074 4.189 
1. 1. 00 6.940 .069 3.213 3.658 .075 4.258 
1. 1. 00 7.054 .071 3 . 266 3.718 .076 4.328 
20 1. 00 7.171 .072 3.320 3.779 .077 4 . 399 

TOTALS 123.709 1.237 57.277 65.195 1.336 75.899 

NOTE: 
1. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES. 
2. ACCIDENT/ SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS. 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 

General Example 
U. S.A. 

PAGE: 5 

SECTION ID: 0004 RUN BY; 
AGENCY: 
DATE: 

Ronald ~. Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 1 -- Increase offset from 2 to 3 ft . 

ANALYSIS PARAMETERS 

PROJECT LIFE: 
INTEREST RATE : 
COST / FATALITY: 
COST /INJURY: 
COST / PDO ACC: 
FATAL ACC. REDUCTION FACTOR: 

20 YEARS 
8.00 \: 

$1500000. 
S 11000. 
$ 3000. 

INJURY ACC. REDUCTION FACTOR: 
1.00 
1.00 
1.00 PDO ACC. REDUCTION FACTOR: 

ACCIDENT REDUCTION DATA 

ROADSIDE ADJUSTMENT FACTOR: .889 
30.68 
15.44 

.35 
19.34 

TOTAL ROADSIDE ACCIDENTS REDUCED: 
NET PDO ACCIDENTS REDUCED: 
NET FATALITIES PREVENTED: 
NET INJURIES PREVENTED: 

TOTAL ACCIDENT SAVINGS: 368768.8 0 

COUNTERMEASURE DATA 

ITEM DESCRIPTION TYPE 

1 total costs INITIAL COST 

ECONOMIC ANALYSIS RESULTS 

START 
YEAR 

o 

EQUIVALENT UNIFORM ANNUAL COST: 
EQUIVALENT UNIFORM ANNUAL BENEFIT: 
BENEFIT-COST RATIO: 

4766 . 68 
37559.90 

7.880 

END 
YEAR 

20 

AMOUNT 

46800.0 0 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: General Example 
LOCATION : U.S.A. 
SECTION ID: 0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 6 

Ronald [ . Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 2 -- Increase offset from 2 to 4 ft. 

SUMMARY OF CHANGES 

POLE DENSITY 
POLE OFFSET 
POLE COVERAGE FACTOR 
ROADSIDE COVERAGE FACTOR 
SIDE SLOPE 
OBSTRUCTED ZONE 
OBJECTS LINE 
HINGE LINE 
POLE TYPE 

BEFORE 

36 
2 

.37 

. 60 
FILL 10:1 

20 
9 

20 
2 

AFTER 

36 POLES/MILE 
4 FEET 

.37 

.60 
FILL 10:1 
20 FEET 

9 FEET 
20 FEET 

2 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION 10: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 7 

Ronald ~. Faller 
University of Nebraska 
11 21 89 

EXPECTED UTILITY POLE ACCIDENTS AFTER IHPROVEHENT 

YEAR SEVERITY ACCIDENTS PERSONS 
FACTOR TOTAL FATAL INJURY PDO J:.ILLED INJURED 

1 1. 00 4.456 .045 2.063 2.348 .048 2.734 
2 1. 00 4.524 .045 2.095 2.384 .049 2.776 
3 1.00 4.594 .046 2.127 2.421 .050 2.819 

• 1.00 4.666 .047 2.160 2.459 .050 2 . 863 

• 1.00 4.738 .047 2.194 2.497 .051 2.907 
6 1.00 4.813 .048 2.228 ·2.536 .052 2.953 
7 1.00 4.888 .049 2.263 2.576 .053 2.999 
8 1.00 4.965 .050 2.299 2.617 .054 3.046 

• 1.00 5.044 .050 2.335 2.658 .054 3.095 
10 1.00 5.124 .051 2.373 2.701 .055 3.144 
11 1.00 5.206 .052 2.411 2.744 . 056 3.194 
12 1.00 5.290 . 053 2.449 2.788 .057 3.245 
13 1.00 5.375 .054 2.489 2.833 .058 3.298 
1. 1.00 5.462 .055 2.529 2.878 .059 3.351 

" 1.00 5.551 .056 2.570 2.925 .060 3.405 
16 1.00 5.641 .056 2.612 2.973 .061 3.461 
17 1.00 5.733 .057 2.655 3.021 .062 3.518 
18 1.00 5.827 .058 2.698 3.071 .063 3.575 

" 1.00 5.923 .059 2.742 3.122 .064 3.634 
20 1.00 6.021 .060 2.788 3.173 .065 3.694 

TOTALS 103.843 1.038 48.079 54.725 1.122 63.711 

NOTE: 
l. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES. 
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS. 



U PAC E UTILITY POLE ACCIDENT COUNTERMEAsURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 

General Example 
U.S.A. 

PAGE: 8 

SECTION 10: 0004 RUN BY: 
AGENCY: 
DATE: 

Ronald ~. Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 2 -- Increase offset from 2 to 4 ft. 

ANALYSIS PARAMETERS 

PROJECT LIFE: 
INTEREST RATE: 
COST/FATALITY: 
COST/INJURY: 
COST/PDO ACC: 
FATAL ACC. REOUCTION FACTOR: 

20 YEARS 
8.00 , 

$1500000. 
$ 11000. 
S 3000: 

INJURY ACe. REOUCTION FACTOR: 
1.00 
1.00 
1.00 PDO ACC. REDUCTION FACTOR: 

ACCIDENT REDUCTION DATA 

ROADSIDE ADJUSTMENT FACTOR: .889 
48.34 
24.33 

.55 
30.47 

TOTAL ROADSIDE ACCIDENTS REDUCED: 
NET POD ACCIDENTS REDUCED: 
NET FATALITIES PREVENTED: 
NET INJURIES PREVENTED: 

TOTAL ACCIDENT SAVINGS: 581030.30 

COUNTERMEASURE DATA 

ITEM DESCRIPTION TYPE 

1 total costs INITIAL COST 

ECONOMIC ANALYSIS RESULTS 

START 
YEAR 

o 

EQUIVALENT UNIFORM ANNUAL COST: 
EQUIVALENT UI; ' !o:)R.H ANNUAL BENEFIT: 
BENEFIT-COST RAT10: 

4766.68 
59179.21 

12.415 

END 
YEAR 

20 

AMOUNT 

46800.00 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION 10: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 9 

Ronald ~. Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 3 -- Increase offset from 2 to 5 ft. 

SUMMARY OF CHANGES 

POLE DENSITY 
POLE OFFSET 
POLE COVERAGE FACTOR 
ROADSIDE COVERAGE FACTOR 
SIDE SLOPE 
OBSTRUCTED ZONE 
OBJECTS LINE 
HINGE LINE 
POLE TYPE 

BEFORE 

36 
2 

.37 

.60 
FILL 10:1 

20 
9 

20 
2 

AFTER 

36 POLES/HILE 
S FEET 

.37 

.60 
FILL 10:1 
20 FEET 

9 FEET 
20 FEET 

2 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION ID: 

General Example 
U.S . A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 10 

Ronald K. Faller 
University of Nebraska 
11 21 89 

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT 

YEAR SEVERITY ACCIDENTS , PERSONS 
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED 

1 1.00 3.888 .039 1.800 2,049 .042 2.385 
2 1.00 3.947 .039 1. 828 2.080 .043 2.422 
3 1.00 4.009 .040 1. 856 2.113 .043 2.459 
4 1.00 4.071 .041 1. 885 2.145 .044 2.498 
5 1.00 4.135 .041 1.914 2.179 .045 2.537 

• 1.00 4.199 .042 1.944 ' 2 . 213 .045 2.576 
7 1.00 4.266 .043 1.975 2.248 .046 2.617 
8 1.00 4.333 .043 2.006 2.284 .047 2.659 

• 1.00 4.402 .044 2.038 2.320 .048 2.701 
10 1.00 4.472 .045 2.071 2.357 .048 2.744 
11 1.00 4.544 .045 2.104 2.395 .049 2.788 
12 1.00 4.617 .046 2.138 2.433 .050 2.833 
13 1.00 4.691 .047 2.172 2.472 .051 2.878 
14 1.00 4 . 767 .048 2.207 2 . 512 .051 2.925 
15 1.00 4.845 .048 2.243 2.553 .052 2.973 

" 1.00 4.924 .049 2.280 2.595 .053 '3.021 
17 1.00 5.005 .0 50 2.317 2.638 .054 3.071 
18 1.00 5.087 .051 2.355 2.681 .055 3.121 
1. 1.00 5.171 .052 2.394 2.725 .056 3.173 
20 1.00 5.257 .053 2.434 2.770 .057 3.225 

TOTALS 90.630 .906 41. 962 47.762 .979 55.604 

NOTE: 
1- ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES. 
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS. 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 

General Example 
U.S . A. 

PAGE: 11 

SECTION ID: 0004 RUN BY: 
AGENCY: 
DATE: 

Ronald ~. Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 3 -- Increase offset from 2 to 5 ft. 

ANALYSIS PARAMETERS 

PROJECT LIFE: 
INTEREST RATE: 
COST/FATALITY: 
COST/INJURY: 
COST/PDO ACC: 
FATAL ACC. REDUCTION FACTOR: 

20 YEARS 
8.00 -. 

S1500000. 
S 11000. 
S 3000. 

INJURY ACC. REDUCTION FACTOR: 
1.00 
1.00 
1.00 PDO ACC . REDUCTION FACTOR: 

ACCIDENT REDUCTION DATA 

ROADSIDE ADJUSTMENT FACTOR: .889 
60.08 
30.24 

.68 
37.87 

TOTAL ROADSIDE ACCIDENTS REDUCED: 
NET PDO ACCIDENTS REDUCED: 
NET FATALITIES PREVENTED: 
NET INJURIES PREVENTED: 

TOTAL ACCIDENT SAVINGS: 722210.80 

COUNTERMEASURE DATA 

ITEM DESCRIPTION TYPE 

1 total costs INITIAL COST 

ECONOMIC ANALYSIS RESULTS 

START 
YEAR 

o 

EQUIVALENT UNIFORM ANNUAL COST: 
EQUIVALENT UNIFORM ANNUAL BENEFIT: 
BENEFIT-COST RATIO: 

4766.68 
73558.75 

15 . 432 

END 
YEAR 

20 

AMOUNT 

46800.00 



U PAC E UTILITY POLE ACCIDENT COUNTERHEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION 10: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 12 

Ronald It. Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 4 -- Increase offset from 2 to 6 ft. 

SUMMARY OF CHANGES 

POLE DENSITY 
POLE OFFSET 
POLE COVERAGE FACTOR 
ROADSIDE COVERAGE FACTOR 
SIDE SLOPE 
OBSTRUCTED ZONE 
OBJECTS LINE 
HINGE LINE 
POLE TYPE 

BEFORE 

36 
2 

.37 

.60 
FILL 10:1 

20 
9 

20 
2 

AFTER 

36 POLES / HILE 
6 FEET 

.37 

.60 
FILL 10:1 
20 FEET 

9 FEET 
20 FEET 

2 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION ID: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
nATE: 

PAGE: 13 

Ronald 'Co Faller 
University of Nebraska 
11 21 89 

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT 

YEAR SEVERITY ACCIDENTS PERSONS 
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED 

1 1.00 3.476 .035 1.610 1.832 .038 2.133 
2 1.00 3 . 530 .035 1.634 1. 860 . 038 2.166 
3 1.00 3.585 .036 1.660 1.889 .039 2.199 

• 1.00 3.641 . 036 1.686 1.919 .039 2.234 
5 1.00 3.698 .037 1.712 1.949 .040 2 . 269 
6 1.00 3.756 .038 1.739 1.979 . 041 2.304 
7 1.00 3.815 . 038 1.767 2.011 .041 2.341 
8 1.00 3.876 .039 1. 795 2.043 .042 2.378 

" 1.00 3.938 . 039 1.823 2.075 .043 2 . 416 
10 1.00 4.001 . 040 1.852 2.108 .043 2.454 
11 1.00 4.065 . 041 1.882 2.142 .044 2.494 
12 1.00 4.130 .041 1.912 2.177 .045 2.534 
13 1.00 4.197 .042 1.943 2.212 .045 2 . 575 
14 1.00 4.265 .043 1.975 2.248 .046 2.617 
15 1.00 4 . 335 .043 2.007 2 . 284 .047 2.659 
16 1.00 4.406 .044 2.040 2 . 322 .048 2.703 
17 1.00 4.478 .045 2.073 2.360 .048 2.747 
18 1.00 4.552 .046 2.107 2.399 .049 2.793 
I" 1.00 4.627 . 046 2.142 2.438 .050 2.839 
20 1.00 4.704 .047 2.178 2.479 .051 2.886 

TOTALS 81. 07 3 .811 37.537 42.725 .876 49.741 

NOTE: 
1- ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES. 
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS . 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 

General Example 
U.S.A. 

PAGE: 14 

SECTION 10: 0004 RUN BY: 
AGENCY: 
DATE: 

Ronald K. Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 4 -- Increase offset from 2 to 6 ft. 

ANALYSIS PARAMETERS 

PROJECT LIFE: 
INTEREST RATE: 
COST/FATALITY: 
COST/INJURY: 
COST/PDO ACC: 
FATAL ACC. REDUCTION FACTOR: 

20 YEARS 
8.00 _ 

$1500000. 
$ 11000. 
$ 3000. 

INJURY ACC. REDUCTION FACTOR: 
1.00 
1.00 
1.00 PDO ACC. REDUCTION FACTOR: 

ACCIDENT REDUCTION DATA 

ROADSIDE ADJUSTMENT FACTOR: .889 
68.58 
34.52 

.78 
43.23 

TOTAL ROADSIDE ACCIDENTS REDUCED: 
NET PDO ACCIDENTS REDUCED: 
NET FATALITIES PREVENTED: 
NET INJURIES PREVENTED: 

TOTAL ACCIDENT SAVINGS: 824327.00 

COUNTERMEASURE DATA 

ITEM DESCRIPTION TYPE 

1 total costs INITIAL COST 

START 
YEAR 

o 

ECONOMIC ANALYSIS RESULTS 

EQUIVALENT UNIFORM ANNuAL COST: 
EQUIVALENT UNIFORM ANNUAL BENEFIT: 
BENEFIT-COST RATIO: 

4766.68 
83959.51 

17.614 

END 
YEAR 

20 

AMOUNT 

46800.00 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION ID: 

General Example 
U. S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE : 15 

Ronald ~ . Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 5 -- Increase offset from 2 to 7 ft. 

SUMMARY OF CHANGES 

POLE DENSITY 
POLE OFFSET 
POLE COVERAGE FACTOR 
ROADSIDE COVERAGE FACTOR 
SIDE SLOPE 
OBSTRUCTED ZONE 
OBJECTS LINE 
HINGE LINE 
POLE TYPE 

BEFORE 

3. 
2 

. 37 

.60 
FILL 10 : 1 

20 
9 

20 
2 

AFTER 

, 36 POLES / MILE 
7 FEET 

. 37 

. 60 
FILL 10:1 
20 FEET 

9 FEET 
20 FEET 

2 



U PAC E UTILITY POLE ACCIDENT COUNTERHEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION 10 : 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY : 
DATE: 

PAGE: 16 

Ronald ~. Faller 
University of Nebraska 
11 21 89 

EXPECTED UTILITY POLE ACCIDENTS AFTER IHPROVEHENT 

YEAR SEVERITY ACCIDENTS " PERSONS 
FACTOR TOTAL FATAL INJURY PDO ~ILLED INJURED 

1 1.00 3.162 .032 1.464 1.666 . 034 1.940 
2 1.00 3.211 .032 1.487 1.692 .035 1.970 
3 1.00 3.261 .033 1.510 1. 719 .035 2.001 

• 1.00 3 . 312 .033 1.534 1.745 .036 2.032 
5 1.00 3.364 .034 1.558 1.773 .036 2.064 

• 1.00 3.417 .034 1.582 1.801 .037 2.097 
7 1.00 3.471 .035 1.607 1. 829 . 037 2.130 
8 1.00 3.526 .035 1.633 1.858 .038 2.164 
9 1.00 3.583 .036 1.659 1.888 .039 2.198 

10 1.00 3.640 .036 1.685 1.918 .039 2.233 
11 1.00 3.699 . 037 1.712 1.949 .040 2.269 
12 1.00 3.758 .038 1.740 1.981 .041 2.306 
13 1.00 3.819 .038 1.768 2.013 .041 2.343 
14 1.00 3.881 .039 1.797 2 . 045 .042 2.381 
15 1.00 3.945 .039 1.826 2.079 .043 2.420 
l' 1.00 4.009 .040 1.856 2.113 .043 "2.460 
17 1.00 4.075 . 041 1.887 2.148 .044 2.500 
18 1.00 4.142 .041 1.918 2.183 .045 2.542 
19 1.00 4.211 . 042 1.950 2.219 .045 2.584 
20 1.00 4.281 .043 1.982 2.256 .046 2 . 627 

TOTALS 73.770 .738 34 . 155 38.877 .797 45.260 

NOTE: 
l. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES. 
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS. 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 

General Example 
U.S.A. 

PAGE: 11 

SECTION 10: 0004 RUN BY: 
AGENCY: 
DATE: 

Ronald K. Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 5 -- Increase offset from 2 to 1 ft. 

ANALYSIS PARAMETERS 

PROJECT LIFE: 
INTEREST RATE: 
COST/FATALITY: 
COST/INJURY: 
COST/PDO ACC: 
FATAL ACC. REDUCTION FACTOR: 

20 YEARS 
8.00 , 

S1500000. 
$ 11000. 
$ 3000,' 

INJURY ACC. REDUCTION FACTOR: 
1.00 
1.00 
1.00 PDO ACC. REDUCTION FACTOR: 

ACCIDENT REDUCTION DATA 

ROADSIDE ADJUSTMENT FACTOR: .889 
75.07 
31.19 

.85 
41.32 

TOTAL ROADSIDE ACCIDENTS REDUCED: 
NET PDO ACCIDENTS REDUCED: 
NET FATALITIES PREVENTED: 
NET INJURIES PREVENTED: 

TOTAL ACCIDENT SAVINGS: 902363.50 

COUNTERMEASURE DATA 

ITEM DESCRIPTION TYPE 

1 total costs INITIAL COST 

ECONOMIC ANALYSIS RESULTS 

START 
YEAR 

o 

EQUIVALENT UNIFORM ANNUAL COST: 
EQUIVALENT UNIFORM ANNUAL BENEFIT: 
BENEFIT-COST RATIO: 

4766.68 
91901.70 

19.281 

END 
YEAR 

20 

AMOUNT 

46800.00 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION 10: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 18 

Ronald ~. Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 6 -- Increase offset from 2 to 8 ft. 

SUMMARY OF CHANGES 

POLE DENSITY 
POLE OFFSET 
POLE COVERAGE FACTOR 
ROADSIDE COVERAGE FACTOR 
SIDE SLOPE 
OBSTRUCTED ZONE 
OBJECTS LINE 
HINGE LINE 
POLE TYPE 

BEFORE 

36 
2 

.37 

.60 
FILL 10:1 

20 
9 

20 
2 

AFTER 

36 POLES/MILE 
8 FEET 

.37 

.60 
FILL 10:1 
20 FEET 

9 FEET 
20 FEET 

2 



U PAC E UTILITY POLE ACCIDENT COUNTERHEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION ID: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 19 

Ronald It. Paller 
University of Nebraska 
11 21 89 

EXPECTED UTILITY POLE ACCIDENTS AFTER IHPROVEHENT 

YEAR SEVERITY ACCIDENTS ' PERSONS 
FACTOR TOTAL FATAL INJURY PDO JULLED INJURED 

1 1.00 2.913 .029 1.349 1.535 .031 1.787 
2 1.00 2.958 .030 1.369 1.559 .032 1.815 
3 1.00 3.004 .030 1.391 1.583 .032 1.843 

• 1.00 3.051 .031 1.413 1.608 .033 1.872 
5 1.00 3.099 .031 1.435 1.633 .033 1.901 
6 1.00 3.148 .031 1.457 ·1.659 .034 1.931 
7 1. 00 3.198 .032 1.481 1.685 .035 1.962 

• 1.00 3.249 .032 1. 504 1.712 .035 1. 993 

• 1.00 3.301 .033 1.528 1.739 .036 2.025 
10 1.00 3.354 .034 1.553 1. 767 .036 2.058 
II 1.00 3.408 .034 1.578 1. 796 .037 2.091 
12 1.00 3.463 .035 1.603 1. 825 .037 2.125 
13 1.00 3.519 .035 1.629 1.855 .038 2.159 
1. 1.00 3.576 .036 1.656 1.885 .039 2.194 
15 1.00 3.635 .036 1.683 1.916 .039 2.230 
1. 1.00 3.694 .037 1.711 1.947 .040 2.267 
17 1.00 3.755 .038 1.739 1.979 .041 2.304 
1. 1.00 3.817 .038 1.767 2.012 .041 2.342 
1. 1.00 3.881 .039 1.797 2.045 .042 2.381 
20 1.00 3.945 .039 1.827 2.079 .043 2.421 

TOTALS 67.967 .680 31. 469 35.818 .734 41.700 

NOTE: 
l. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES. 
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS. 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION : 
LOCATION: 

General Example 
U.S.A. 

PAGE: 2 0 

SECTION 10: 0004 RUN BY: 
AGENCY: 
DATE: 

Ronald X. Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 6 -- Increase offset from 2 t~ eft. 

ANALYSIS PARAMETERS 

PROJECT LIFE: 
INTEREST RATE: 
COST/ FATALITY: 
COST / INJURY: 
COST / PDO ACC: 
FATAL ACC. REDUCTION HC:"OR: 

20 YEARS 
8,00 , 

51500000. 
5 1100 0 " 
$ 3000" 

INJURY ACC. REDUCTION FACTOR: 
1.00 
1.00 
1.00 PDO ACe . REDUCTION FACTOR: 

ACCIDENT REDUCTION DATA 

ROADSIDE ADJUSTMENT FACTOR: . 889 
80.23 
40.38 

.91 
50.57 

TOTAL ROADSIDE ACCIDENTS REDUCED: 
NET PDO ACCIDENTS REDUCED: 
NET FATALITIES PREVENTED: 
NET INJURIES PREVENTED: 

TOTAL ACCIDENT SAVINGS: 964367 . 60 

COUNTERMEASURE DATA 

ITEM DESCRIPTION TYPE 

1 total costs INITIAL COST 

ECONOMIC ANALYSIS RESULTS 

START 
YEAR 

o 

EQUIVALENT UNIFORM ANNUAL COST: 
EQUIVALENT UNIFORM ANNUAL BENEFIT: 
BENEFIT-COST RATIO: 

4766.68 
98222.95 

20.606 

END 
YEAR 

20 

AMOUNT 

468 00 . 00 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION ID: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 21 

Ronald K. Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 7 -- Increase offset from 2 to 9 ft. 

SUMMARY OF CHANGES 

POLE DENSITY 
POLE OFFSET 
POLE COVERAGE FACTOR 
ROADSIDE COVERAGE FACTOR 
SIDE SLOPE 
OBSTRUCTED ZONE 
OBJECTS LINE 
HINGE LINE 
POLE TYPE 

BEFORE 

36 
2 

. 37 

.60 
FILL 10:1 

20 

• 
20 

2 

AFTER 

36 POLES/MILE 
9 FEET 

.37 

. 60 
FILL 10:1 
20 FEET 

9 FEET 
20 FEET 

2 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION : 
LOCATION: 
SECTION ID: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 22 

Ronald K. Faller 
University of Nebraska 
11 21 89 

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT 

YEAR SEVERITY ACCIDENTS PERSONS 
lACTOR TOTAL FATAL INJURY PDO ItILLED INJURED 

1 1.00 2.708 .027 1.254 1.427 .029 1.662 
2 1.00 2.751 . 028 1.273 1.450 . 030 1.688 
3 1.00 2.794 .028 1.293 1.472 .030 1.714 

• 1. 00 2.837 .028 1.314 1.495 .031 1.741 
5 1.00 2.882 .029 1. 334 1.519 .031 1. 768 

• 1.00 2.928 .029 1.355 1.543 .032 1. 796 
7 1.00 2.974 .030 1.377 1.567 .032 1. 825 
8 1.00 3.022 .030 1.399 1.592 .033 1.854 

• 1.00 3.070 .031 1.421 1.618 .033 1.884 
10 1.00 3.119 .031 1.444 1.644 .034 1.914 
11 1.00 3.170 .032 1.468 1.670 .034 1.945 
12 1.00 3.221 .032 1.491 1.697 .035 1.976 
13 1.00 3.273 .033 1.516 1.725 . 035 2.008 
14 1.00 3.327 .033 1.540 1.753 .036 2.041 
15 1.00 3.381 .034 1.566 1. 782 .037 2.075 i. 1.00 3.437 .034 1.591 1.811 . 037 2 . 109 
17 1.00 3.494 .035 1.618 1.841 .038 2.143 
18 1.00 3.551 .036 1.644 1.872 .038 2.179 i. 1. 00 3.610 .036 1.672 1.903 .039 2 . 215 
20 1.00 3.671 .037 1.700 1.934 .040 2.252 

TOTALS 63 . 220 .632 29.271 33.317 .683 38.787 

NOTE: 
L ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES. 
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS. 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

PAGE: 23 

SECTION: General Example 
LOCATION: U.S.A. 
SECTION 10: 0004 RUN BY: 

AGENCY: 
DATE: 

Ronald ~. Faller 
university· of Nebraska 
11 21 89 

ALTERNATIVE 7 -- Increase offset from 2 to 9 ft. 

ANALYSIS PARAMETERS 

PROJECT LIFE: 
INTEREST RATE: 
COST/ FATALITY: 
COST/INJURY: 
COST / PDO ACC: 
FATAL ACC. REDUCTION FACTOR: 

20 YEARS 
8.00 \; 

$1500000. 
$ 11000. 
S 3000 . . 

INJURY ACC. REDUCTION FACTOR: 
1.00 
1.00 
1.00 PDO ACC. REDUCTION FACTOR: 

ACCIDENT REDUCTION DATA 

ROADSIDE ADJUSTMENT FACTOR: .889 
84.45 
42.51 

.90 
53.23 

TOTAL ROADSIDE ACCIDENTS REDUCED: 
NET PDO ACCIDENTS REDUCED: 
NET FATALITIES PREVENTED: 
NET INJURIES PREVENTED: 

TOTAL ACCIDENT SAVINGS: 1015084.00 

COUNTERMEASURE DATA 

ITEM DESCRIPTION TYPE 

1 total costs INITIAL COST 

ECONOMIC ANALYSIS RESULTS 

START 
YEAR 

o 

EQUIVALENT UNIFORM ANNUAL COST: 
EQUIVALENT UNIFORM ANNUAL BENEFIT: 
BENEFIT-COST RATIO: 

4766.68 
103388.50 

21. 690 

END 
YEAR 

20 

AMOUNT 

46800.00 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION ID: 

General Example 
U. S.A. 
0004 RUN BY : 

AGENCY: 
DATE: 

PAGE: 24 

Ronald X. Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 8 -- Increase offset from 2 to 10 ft . 

SUMMARY OF CHANGES 

POLE DENSITY 
POLE OFFSET 
POLE COVERAGE FACTOR 
ROADSIDE COVERAGE FACTOR 
SIDE SLOPE 
OBSTRUCTED ZONE 
OBJECTS LINE 
HINGE LINE 
POLE TYPE 

BEFORE 

36 
2 

. 37 

.60 
FILL 10:1 

20 

• 
20 

2 

AFTER 

36 POLES / MILE 
10 FEET 

.37 

. 60 
FILL 10:1 
20 FEET 

9 FEET 
20 FEET 

2 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION ID: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 25 

Ronald ~. Faller 
University of Nebraska 
11 21 89 

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT 

YEAR SEVERITY ACCIDENTS ' PERSONS 
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED 

1 1.00 2.538 .025 1.175 1.337 .027 1.557 
2 1.00 2.577 .026 1.193 1.358 .028 1.581 
3 1.00 2.617 .026 1.212 1.379 .028 1.606 

• 1.00 2.659 .027 1.231 1.401 .029 1.631 
5 1. 00 2.701 .027 1.250 1.423 . 029 1.657 

• 1.00 2.743 .027 1.270 1.446 .030 1.683 
7 1.00 2.787 .028 1.290 1. 469 .030 1. 710 • 1.00 2.832 .028 1.311 1. 492 .031 1. 737 • 1.00 2.877 .029 1.332 1.516 .031 1. 765 

10 1.00 2.923 .029 1.354 1.541 .032 1.794 
11 1.00 2.971 . 030 1. 375 1.566 .032 1.823 
12 1.00 3.019 .030 1.398 1.591 .033 1.852 
13 1.00 3.068 .031 1.420 1.617 .033 1.882 
14 1.00 3.118 .031 1.444 1.643 .034 1.913 
15 1.00 3.169 .032 1.467 1.670 .034 1.944 
1. 1.00 3.221 .032 1.492 1.698 .035 1.976 
17 1.00 3.275 .033 1.516 1. 726 .035 2.009 
1. 1.00 3.329 .033 1.54.1 1. 754 .036 2.042 
1. 1. 00 3.384 .034 1. 567 1. 784 .037 2.076 
20 1. 00 3.441 .034 1. 593 1.813 .037 2.111 

TOTALS 59.249 .592 27.432 31.224 .640 36.351 

NOTE: 
1- ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES. 
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS. 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

PAGE: 26 

SECTION: Example 
LOCATION: 
SECTION ID: 

General 
U.S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

Ronald ~ . Paller 
University of Nebraska 
11 21 89 

ALTERNATIVE 8 -- Increase offset from 2 to 10 ft . 

ANALYSIS PARAMETERS 

PROJECT LIFE: 
INTEREST RATE: 
COST/FATALITY: 
COST !INJURY: 
COST/PDO ACC: 
FATAL ACC . REDUCTION FACTOR: 

20 YEARS 
8.00 \: 

$1500000. 
$ 11000. 
$ 3000.' 

INJURY ACC. REDUCTION FACTOR: 
1.00 
1.00 
1.00 PDO ACC. REDUCTION FACTOR: 

ACCIDENT REDUCTION DATA 

ROADSIDE ADJUSTMENT FACTOR: .843 
83.45 
41.04 

.97 
53.29 

TOTAL ROADSIDE ACCIDENTS REDUCED: 
NET PDO ACCIDENTS REDUCED: 
NET FATALITIES PREVENTED: 
NET INJURIES PREVENTED: 

TOTAL ACCIDENT SAVINGS: 1020903.00 

COUNTERMEASURE DATA 

ITEM DESCRIPTION TYPE 

1 total costs INITIAL COST 

ECONOMIC ANALYSIS RESULTS 

START 
YEAR 

o 

EQUIVALENT UNIFORM ANNUAL COST: 
EQUIVALENT UNIFORM ANNUAL BENEFIT: 
BENEFIT-COST RATIO: 

4766.68 
103981.20 

21.814 

END 
YEAR 

20 

AMOUNT 

46800 .00 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION 10: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
OATE: 

PAGE: 27 

Ronald ~. Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 9 -- Increase offset from 2 to 11 ft. 

SUMMARY OF CHANGES 

POLE DENSITY 
POLE OFFSET 
POLE COVERAGE FACTOR 
ROADSIDE COVERAGE FACTOR 
SIDE SLOPE 
OBSTRUCTED ZONE 
OBJECTS LINE 
HINGE LINE 
POLE TYPE 

BEFORE 

36 
2 

.37 

.60 
FILL 10:1 

20 
9 

20 
2 

AFTER 

36 POLES / MILE 
11 FEET 

.37 

.60 
FILL 10:1 
20 FEET 

9 FEET 
20 FEET 

2 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION : 
SECTION ID: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 28 

Ronald ~. Faller 
University of Nebraska 
11 21 89 

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT 

YEAR SEVERITY ACCIDENTS ' PERSONS 
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED 

1 1.00 2.392 .024 1.108 1.261 .026 1.468 
2 1.00 2.429 .024 1.125 1.280 . 026 1. 491 
3 1.00 2.468 .025 1.142 1.300 .027 1.514 

• 1.00 2.506 .025 1.160 1.321 .027 1. 538 
5 1.00 2.546 .025 1.179 1.342 .027 1. 562 
6 1.00 2.586 .026 1.198 1.363 .028 1. 587 
7 1.00 2.628 .026 1.217 1.385 .028 1.612 
8 1.00 2.670 .027 1.236 1.407 .029 1.638 

• 1.00 2.713 .027 1.256 1.430 . 029 1.664 
10 1.00 2.756 .028 1.276 1.453 .030 1.691 
11 1.00 2.801 .028 1.297 1.476 .030 1.719 
12 1.00 2.847 .028 1.318 1.500 .031 1. 746 
13 1.00 2.893 .029 1.339 1.525 .031 1.775 ,. 1.00 2.940 .029 1.361 1.550 .032 1. 804 
15 1.00 2.989 .030 1. 384 1.575 .032 1.834 
16 1.00 3.038 .030 1.407 1.601 .033 1. 864 
17 1.00 3.088 .031 1. 430 1.628 .033 1. 895 
18 1.00 3.140 .031 1. 454 1.655 .034 1.926 

" 1.00 3.192 .032 1. 478 1.682 .034 1. 958 
20 1.00 3.245 .032 1.503 1.710 .035 1.991 

TOTALS 55.867 .559 25.866 29.442 .603 34.276 

NOTE: 
1. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES. 
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS. 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 

G@n@rlll Exampl@ 
U.S.A. 

PAGE: 29 

SECTION 10: 0004 RUN BY: 
AGENCY: 
DATE: 

Ronald ~. Fall@r 
University of Nebraska 
11 21 89 

ALTERNATIVE 9 -- Increase offset from 2 to 11 ft. 

ANALYSIS PARAMETERS 

PROJECT LIFE: 
INTEREST RATE: 
COST/FATALITY: 
COST / INJURY: 
COST/PDO ACC: 
FATAL ACC. REDUCTION FACTOR: 

20 YEARS 
8.00 \; 

$1500000. 
$ 11000. 
S 3000. 

INJURY ACC . REDUCTION FACTOR: 
1.00 
1.00 
1.00 PDO ACC. REDUCTION FACTOR: 

ACCIDENT REDUCTION DATA 

ROADSIDE ADJUSTMENT FACTOR: .805 
82.36 
39.62 

.98 
53.23 

TOTAL ROADSIDE ACCIDENTS REDUCED: 
NET PDO ACCIDENTS REDUC ED: 
NET FATALITIES PREVENTED: 
NET INJURIES PREVENTED: 

TOTAL ACCIDENT SAVINGS: 1023908.00 

COUNTERMEASURE DATA 

ITEM DESCRIPTION TYPE 

1 total costs INITIAL COST 

ECONOMIC ANALYSIS RESULTS 

START 
YEAR 

o 

EQUIVALENT UNIFORM ANNUAL COST: 
EQUIVALENT UNIFORM ANNUAL BENEFIT: 
BENEFIT-COST RATIO: 

4766.68 
104287.30 

21. 878 

END 
YEAR 

20 

AMOUNT 

46800.00 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION ID: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 30 

Ronald K. Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 10 -- Increase offset from 2 to 12 ft . 

SUMMARY OF CHANGES 

POLE DENSITY 
POLE OFFSET 
POLE COVERAGE FACTOR 
ROADSIDE COVERAGE FACTOR 
SIDE SLOPE 
OBSTRUCTED ZONE 
OBJECTS LINE 
HINGE LINE 
POLE TYPE 

BEFORE 

3. 
2 

.37 
•• 0 

FILL 10:1 
20 

9 
20 

2 

AFTER 

36 POLES/HILE 
12 FEET 

.37 

.60 
FILL 10:1 
20 FEET 

9 FEET 
20 FEET 

2 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION 10: 

General Example 
U. S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 31 

Ronald ~. Faller 
University of Nebraska 
11 21 89 

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT 

YEAR SEVERITY ACCIDENTS' PERSONS 
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED 

1 1.00 2.266 .023 1.049 1.194 .024 1. 390 
2 1.00 2.302 .023 1.066 1.213 . 025 1.412 
3 1.00 2 . 338 .023 1.082 1.232 .025 1.434 

• 1.00 2.375 .024 1.100 1.252 .026 1. 457 
5 1.00 2.412 .024 1.117 1.271 .026 1. 48 0 

• 1.00 2.451 .025 1.135 1.292 .026 1.504 
7 1.00 2.490 .025 1.153 1. 312 . 027 1. 528 
8 1.00 2.530 .025 1.171 1. 333 .027 1.552 

• 1.00 2.571 .026 1.190 1.355 .028 1. 577 
10 1. 00 2.612 .026 1.209 1.377 .028 1.603 
11 1.00 2.655 .027 1.229 1. 399 .029 1.629 
12 1.00 2.698 . 027 1.249 1.422 .029 1.655 
13 1.00 2.742 . 027 1.269 1.445 .030 1.68 2 
14 1.00 2.787 .028 1.290 1.469 .030 1.710 
15 1.00 2.833 . 028 1.311 1. 493 .031 1 . 738 
1. 1.00 2.879 .029 1.333 1.517 .031 1.767 
17 1.00 2.927 . 029 1. 355 1.543 .032 1.796 
18 1.00 2.976 .030 1.378 1.568 .032 1. 826 
1. 1.00 3.025 .030 1. 401 1.594 .033 1. 856 
20 1.00 3.076 .031 1.424 1.621 .033 1. 887 

TOTALS 52.944 .529 24.513 27.901 .572 32.483 

NOTE: 
l. ACCIDENT / SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES. 
2. ACCIDENT / SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS. 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

PAGE : 32 

SECTION: Example 
LOCATION: 
SECTION ID: 

General 
U.S.A. 
0004 RUN BY: 

AGENCY : 
DATE: 

Ronald K. Faller 
University of Nebraska 
11 21 89 

ALTERNATIVE 10 -- Increase offset from 2 to 12 ft. 

ANALYSIS PARAMETERS 

PROJECT LIFE: 
INTEREST RATE: 
COST / FATALITY: 
COST / INJURY: 
COST / PDO ACC: 
FATAL ACC . REDUCTION FACTOR: 

20 YEARS 
8.00 \ 

$1500000. 
S 11000. 
$ 3000. · 

INJURY ACC. REDUCTION FACTOR: 
1.00 
1.00 
1.00 PDO ACC. REDUCTION FACTOR: 

ACCIDEJ-Ol' REDUCTION DATA 

ROADSIDE ADJUSTMENT FACTOR: .762 
80.21 
37.53 

.97 
52.59 

TOTAL ROADSIDF AC~ IDENTS REDUCED: 
NET PDO ACCI DE!" ; ~ !\EDUCED: 
NET FATALITIES f RZVENTED: 
NET INJURIES PREVENTED: 

TOTAL ACCIDENT SAVINGS: 1016715.0 0 

COUNTERMEASURE DAt~ 

ITEM DESCRIPTION TYPE 

1 total costs INITIAL COST 

ECONOMIC ANALYSIS RESULTS 

START 
YEAR 

o 

EQUIVALENT UNIFORM ANNUAL COST: 
EQUIVALENT UNIFORM ANNUAL BENEFIT: 
BENEFIT-COST RATIO: 

4766.68 
103554.60 

21. 725 

END 
YEAR 

20 

AMOUNT 

468 00. 00 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION ID: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 33 

Ronald ~. Faller 
University of Nebraska 
11 21 89 

COMPARATIVE ECONOMIC ANALYSIS RESULTS 

SUMMARY OF ALTERNATIVES 

I DESCRIPTION 

0 DO NOTHING 
1 Increase offset from 2 to 3 ft. 
2 Increase offset from 2 to • ft. 
3 Increase offset from 2 to 5 ft. • Increase offset from 2 to • ft-
5 Increase offset from 2 to 7 ft-• Increase offset from 2 to • ft. 
7 Increase offset from 2 to 9 ft. • Increase offset from 2 to 10 ft. • Increase offset from 2 to 11 ft. 

10 Increase offset from 2 to 12 ft. 

INCREMENTAL BENEFIT-COST ANALYSIS RESULTS 

CAPITAL EUAC EUAS BIC COMPARED INCREMENTAL 
ALTERNATIVE COST RATIO ALTS BIC RATIO 

0 o. o. o. 1.000 
1 - 0 7.880 

1 46800. 4767. 37560. 7.880 
2 - 1 21619.300 

2 46800. 4767. 59179. 12.415 
3 - 2 14379.540 

3 46800. 4767. 73559. 15.432 
« - 3 10400.760 

« 46800. 4767. 83960. 17.614 
5 - • 7948.188 

5 46800. 4767. 91908. 19.281 · - 5 6315.250 • 46800 • 4767. 98223. 20.606 
7 - • 5165.531 

7 46800. 4767. 103388. 21. 690 

• - 7 592.750 • 46800 . 4767. 103981. 21.814 · - • 306.063 
9 46800. 4767. 104287. 21.878 

10 - • -732.656 



10 46800. 4767. 103555. 21.725 

••••• NORMAL PROGRAM END ••••• 



.U PAC E UTILITY POLE ACCIDEtlT COUNTERMEASURES EVALUATION PR OGRAM 

SECTION: 
LOCATION: 

General Example 
U.S.A. 

SECTION ID: 0004 

SECTION CHARACTERISTICS 

7Zpolu. l( 
7zpoluX 
SEGMENT 

BEG. MILEPOST: 
LENGTH (HILES): 

ROADWAY 

ROAD ALIGNMENT: 
NUMBER OF LANES: 
ROAD WIDTH: 
TERRRAIN: 
PAVEMENT: 
SIDE SLOPE: 
HINGE LINE: 

UTILITY POLES 

POLE CONFIGURATION: 
NUMBER OF POLES: 
POLE OFFSET: 

TR~FFIC 

SPEED LIMIT: 
BASE YEAR ADT: 

.00 
2.00 

TANGENT 
4 

48.0 FT 
FLAT 

CONCRETE 
FILL 10:1 

20 FT 

OIlE SIDE 
72 

2 FT 

' 0. "PH 
500. VEH 

UTILITY POLE ACCIDENTS PER YEAR 

TOTAL ACCIDENTS: 
INJURY ACCIDENTS: .77 1 
FATALITIES: 
INJURIES: 
INJURIES / INJURY ACC: 

1. 67 
46.3i5) 

.02 
1.02 
1. 31 

PAGE: 1 

RUN BY: 
AGENCY: 
DATE: 

Ronald K. Faller 
University of Nebraska 
11 24 89 

u...e ~cr#, SO ""d 70% re we.f;." 
in ."ev~j:l-j ~r l'\l1<',")' ,'''5 {...J .. I 
o.cc.,dents 

END MILEPOST: 2.00 

SHOULDER TYPE: 
RIGHT-Of-WAY WIDTH: 
TRAFFIC FLOW: 
AREA TYPE: 
RO~DSIDE COVERAGE: 
OBJECTS LINE: 
OBSTRUCTED ZONE: 

POLE TYPE: 
POLE USE: 

CURBED 
60 FT 

TWO-WAY 
URBAN 

.60 
9 FT 

20 fT 

METAL 

LINE TYPE: 69KV 1 PHASE 

GROWTH FACTOR CODE: 
GROWTH RATE(i5 ) : 

FATAL ACCIDENTS: .02 ( 
PROPERTY DAMAGE: .SSl 
FATALITIES/FATAL ACC: 
INJURIES/FATAL ACC: 

1 
2.00 

1. 0\) 
52.7\) 

1.08 
.70 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: General Example 
LOCATION: U.S.A. 
SECTION 10: 0004 RUN BY: 

AGENCY: 
DATE: 

DATA PROJECTIONS SUMMARY FOR SECTION 

YEAR ADT SEVERITY ACCIDENTS 
FACTOR TOTAL FATAL INJURY 

1 500. 1.00 1.667 .017 .772 
2 510. 1.00 1.668 .017 .7'72 
3 520. 1.00 1.669 .017 .773 , 531. 1.00 1.670 .017 .773 
S 541. 1.00 1.672 .017 .774 

• 552 . 1.00 1.673 .017 .775 
7 563. 1.00' 1.675 .017 .775 
8 574. 1.00 1.676 .017 .776 

• 586 . 1.00 1.678 .017 .777 
10 598. 1.00 1 .679 .017 .777 
11 609. 1.00 1.681 .017 .778 
12 622. 1.00 1.682 .017 .779 
13 634. 1.00 1.684 .017 .780 
14 647. 1.00 1.686 .017 .780 
1S 660. 1.00 1.687 .017 .781 ,. 673. 1.00 1.689 .017 .782 
17 686. 1.00 1.691 .017 .783 
18 700. 1.00 1.692 .017 .784 
1. 714. 1.00 1. 694 .017 .784 
20 728. 1.00 1.696 .017 .785 

TOTALS 33.609 .336 15.561 

000) 0.33(. + IS-Sr./ 

3.3. (009 -

(/00) Q·nl. 
'" 1% 

33.'O~ 

(too) Ib.~'" =.4(..3% 
33. {,O~ 

PAGE: 2 

Ronald K. Faller 
University of Nebraska 
11 24 89 

PERSONS 
PDO KILLED INJURED 

.878 .018 1.022 

.879 .018 1.023 

.880 .018 1. 024 

.880 .018 1. 025 

.881 .018 1.026 

. 882 .018 1.027 

.883 .018 1.027 

.883 .018 1.028 

.884 .018 1.029 

.885 .018 1. 030 

.886 .018 1.031 

.887 .018 1.032 

.887 .018 1. 033 

.888 .018 1.034 

.889 .018 1. 035 

.890 .018 1. 036 

.891 .018 1. 037 

. 892 .018 1.038 

.893 .018 1.040 

.894 .018 1.04l 

17.712 .363 20.620 

47.3 Yo 



WARNING: ROADSIDE ADJUSTMENT FACTOR SET TO 1.00 



· UPACE UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION ID: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 3 

Ronald K. Faller 
University of Nebraska 
11 24 89 

ALTERNATIVE I -- Breakaway Poles (50\ reduction in s~verity) 

SUMMARY OF CHANGES 
BEFORE AFTER 

POLE DENSITY 36 36 POLES/MILE 
POLE OFFSET 2 2 FEET 
POLE COVERAGE FACTOR .37 .37 
ROADSIDE COVERAGE FACTOR .60 .60 
SIDE SLOPE FILL 10:1 FILL 10:1 
OBSTRUCTED ZONE 20 20 FEET 
OBJECTS LINE 9 9 FEET 
HINGE LINE 20 20 FEET 
POLE TYPE 2 2 

• 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATIOll: 
SECTION ID: 

General Example 
U. S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 4 

Ronald K. Faller 
University of Nebraska 
11 24 89 

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT 

YEAR SEVERITY ACCIDENTS PERSONS 
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED 

1 1.00 1.667 .008 .386 1.272 .009 .511 
2 1.00 1.668 .008 .386 1. 273 .009 .512 
3 1.00 1.669 .008 .386 1.274 .009 .512 

• 1.00 1.670 .008 .387 1.275 .009 .512 
5 1. 00 1.672 .008 .387 1.276 .009 .513 

• 1. 00 1.673 .008 .387 . 1.278 .009 .513 
7 1. 00 1.675 .008 .388 1.279 .009 .514 

• 1. 00 1.676 .008 .388 1.280 .009 .514 

• 1.00 1.678 .008 .388 1.281 .009 .515 
10 1. 00 1.679 .008 .389 1.282 .009 .515 
11 1.00 1.681 .008 .389 1.283 .009 .516 
12 1.00 1.682 .008 .389 1.284 .009 .516 
13 1.00 1. 684 .008 .390 1.286 .009 .517 ,. 1.00 1.686 .008 .390 1.287 .009 .517 
15 1.00 1. 687 .008 .391 1. 288 .009 .518 ,. 1.00 1.689 .008 .391 1. 290 .009 .518 
17 1.00 1.691 .008 .391 1. 291 .009 .519 ,. 1.00 1. 692 .008 .392 1.292 .009 .519 ,. 1. 00 1.694 .008 .392 1.294 .009 .520 
20 1. 00 1.696 .008 .393 1.295 .009 .520 

TOTALS 33.609 .168 7.780 25.660 .181 10.310 

NOTE: 
l. ACCIDENT / SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES. 
2. ACCIDEUT / SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS. 

(./60) 0.14% ± 7. ?gO = Z3_~Y. ( 50 Y. ,..eJu.cJ;on) 
33.1009 

QOO) o./~~ O.S ;I. (soy. ... ed",C.(rfm ') .. 
3~. "09 

(JOO) 7.7$0 = 
33."e~ 

Z3.J5"Yo (50% ... e.!.""".I; 00 

{loa) ~S.M.O - IJ/S % ihcrea5e il') PlYh 17.7/Z. 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

PAGE: 5 

SECTION: General Example 
LOCATION: U.S.A. 
SECTION 10: 0004 RUN BY: 

AGENCY: 
DATE: 

Ronald K. Faller 
University of Nebraska 
11 24 89 

ALTERNATIVE 1 -- Breakaway Poles (50% reduction in severity) 

ANALYSIS PARAMETERS 

PROJECT LIFE: 
INTEREST RATE: 
COST/FATALITY: 
COST/INJURY: 
COST/PDO ACC: 
FATAL ACC. REDUCTION FACTOR: 

20 YEARS 
8.00 , 

$1500000. 
S 11000. 
$ 3000. ' 

INJURY ACe. REDUCTION FACTOR: 
.50 
.50 

1.00 PDO ACC. REDUCTION FACTOR: 

ACCIDENT REDUCTION DATA 

ROADSIDE ADJUSTMENT FACTOR: 1.000 
.00 

-7.95 
.1. 

10.31 

TOTAL ROADSIDE ACCIDENTS REDUCED: 
NET PDO ACCIDENTS REDUCED: 
NET FATALITIES PREVENTED: 
NET INJURIES PREVENTED: 

TOTAL ACCIDENT SAVINGS: 177207.70 

COUNTERMEASURE DATA 

ITEM DESCRIPTION TYPE 

1 breakaway cos ts INITIAL COST 

ECONOMIC ANALYSIS RESULTS 

START 
YEAR 

o 

EQUIVALENT UNIFORM ANNUAL COST: 
EQUIVALENT UNIFORM ANNUAL BENEFIT: 
BENEFIT-COST RATIO: 

2200.01 
18048.99 

8.204 

END 
YEAR 

20 

AMOUNT 

21600.00 



WARNING: ROADSIDE ADJUSTMENT FACTOR SET TO 1.00 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION ID: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 6 

Ronald K. Faller 
University of Nebraska 
11 24 89 

ALTERNATIVE 2 -- Breakaway Poles (75% reduction in severity ) 

SUMMARY OF CHANGES 

POLE DENSITY 
POLE OFFSET 
POLE COVERAGE FACTOR 
ROADSIDE COVERAGE FACTOR 
SIDE SLOPE 
OBSTRUCTED ZONE 
OBJECTS ·LINE 
HINGE LINE 
POLE TYPE 

BEFORE 

36 
2 

.37 

.60 
FILL 10:1 

20 
9 

20 
2 

AFTER 

36 POLES / MILE 
2 FEET 

.37 

.60 
FILL 10:1 
20 FEET 

9 FEET 
20 FEET 

2 



U PAC E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION ID: 

General Example 
U.S.A. 
0004 RUN BY: 

AGENCY: 
'DATE: 

PAGE: 7 

Ronald K. Faller 
University of Nebraska 
11 24 89 

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT 

YEAR SEVERITY ACCIDENTS PERSONS 
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED 

1 1. 00 1.667 .005 .231 1.430 ,005 .307 
2 1. 00 1.668 .005 .232 1.431 .005 .307 
3 1.00 1.669 .005 .232 1.432 . 005 .307 

• 1.00 1.670 .005 .232 1. 433 .005 .307 
5 1.00 1.672 .005 .232 1.435 .005 .30 8 

• 1.00 1.673 .005 .232 . 1.436 .005 .308 
7 1.00 1.675 .005 .233 1.437 .005 .308 
8 1.00 1.676 .005 .233 1.438 .005 .309 
9 1. 00 1.678 .005 .233 1.440 .005 .309 

10 1.00 1.679 .005 .233 1.441 .005 .309 
11 1. 00 1.681 . 005 .233 1.442 .005 .309 
12 1. 00 1.682 .005 .234 1.444 . 005 .310 
13 1. 00 1.684 . 005 .234 1.445 .005 .310 ,. 1. 00 1.686 .005 .234 1.446 .005 .310 
15 1.00 1.687 .005 .234 1. 448 .005 .311 ,. 1.00 1.689 .005 .235 1. 449 .005 .311 
17 1.00 1. 691 .005 .235 1.451 .005 .311 
18 1.00 1.692 .005 .235 1.452 .005 .312 
19 1.00 1.694 .0 0 5 .235 1.454 .005 .312 
20 1.00 1.696 .005 .236 1.455 .005 . 312 

TOTALS 33.609 .101 4.668 28.840 .109 6.186 

NOTE: 
1- ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES. 
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS. 

(jtJb) 0./01 + 4.H"8" __ 
33,~O<j -

14-. /9 Yo (7010 re.d W;+" DI1) 

(jOO) (;1./11' 0.3 % ( 7010 re.Jc.ccJj. h) 
a3."eQ 

(joe) .,. ~~ff 
13.6" % (70% r<.d",c..f; .,,) 

3.3. ~09 -

(/00) Z'g.1$40 1(.3 % jhcv-ea.se ;n F'W's -/7.71Z-



. UPACE UTILITY POLE ACCIDENT COUNTERMEASURES EV';,.i..UATION PROGRAM 

SECTION: 
LOCATION: 

General Example 
U.S .A. 

PAGE: 8 

SECTION ID: 0004 RUN BY: 
.AGENCY: 
DATE: 

Ronald K. Faller 
university of Nebraska 
11 24 89 

ALTERNATIVE 2 -- Breakaway Poles (75\ reduction in severity ) 

ANALYSIS PARAMETERS 

PROJECT LIFE: 
INTEREST RATE: 
COST / FATALITY: 
COST/INJURY: 
COST / PDO ACC: 
FhTAL ACC. REDUCTION FACTOR: 

20 YEARS 
8.00 " 

$15000 00. 
$ 11000. 
$ 3000 . 

INJURY ~CC. REDUCTION FACTOR: 
. 30 
.30 

1.00 PDO ACC. REDUCTION FACTOR: 

ACCIDENT REDUCTION DATA 

ROADSIDE ADJUSTMENT FACTOR: 1.000 
.00 

-11.13 
.25 

14.43 

TOTAL ROADSIDE ACCIDENTS REDUCED: 
NET PDO ACCIDENTS RE DL"C ED: 
NET FATALITIES PREVENTED: 
NET INJURIES PREVENTED: 

TOTAL ACCIDENT SAVINGS: 24809 0 .8 0 

COUNTERMEASURE DATA 

ITEM DESCRIPTION TYPE 

1 breakaway costs INITIAL COST 

ECONOMIC ANALYSIS RESULTS 

START 
YEAR 

o 

EQUIVALENT UNIFORM ANNUAL COST: 
EQUIVALENT UNIFORM ANNUAL BENEFIT: 
BENEFIT-COST RATIO: 

2200.01 
25268.59 

11.486 

EllD 
YEAR 

20 

AMounT 

216 00 . 00 



. . UPACE UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: 
LOCATION: 
SECTION 10: 

General Example 
U. S.A. 
0004 RUN BY: 

AGENCY: 
DATE: 

PAGE: 9 

Ronald K. Faller 
University of Nebraska 
11 24 89 

COMPARATIVE ECONOMIC ANALYSIS RESULTS 

SUMMARY OF ALTERNATIVES 

« DESCRIPTION 

o DO NOTHING 
1 Breakaway Poles (50\ reduction in severity) 
2 Breakaway Poles (75\ reduction in severity) 

INCREMENTAL BENEFIT-COST ANALYSIS RESULTS 

CAPITAL EUAC EUAB HIe COMPARED INCREMENTAL 
ALTERNATIVE COST RATIO ALTS BI C RATIO 

0 O. o. O. 1.000 
1 - 0 8.2 04 

1 21600. 2200. 18049. 8.204 
2 - 1 7219.598 

2 21600. 2200. 25269. 11.486 

"' •• "'. NORMAL PROGRAM END •••• '" 



APPENDIXM 

"ROADSIDE" COMPUTER RUN 
(REWCA nON EXAMPLE) 

405 



ROADSIDE - Version 4.1 07-14-1990 21:38:27 PAGE NUMBER 1 

GLOBAL PARAMETERS 
L\(,\-\T Po .. E.S 5-2-,5-10 

'2- LAN£" f2<>APUJM/ 
1. FATALITY COST = S 1,500,000 

= S 110,000 2. SEVERE INJURY COST 
3. MODERATE INJURY COST = $ 11,000 
4. SLIGHT INJURY COST = $ 3,000 
5. PDO LEVEL 2 COST = $ 3,000 
6. PDO LEVEL 1 COST = $ 500 
7. ENCROACHMENT RATE MODEL = 0.001330 * (ADTeff • 1.000000 ) 

8 • 
9. 

10. 
11. 
12. 
13. 

ENCROACHMENTS PER MILE PER YEAR 
ENCROACHMENT ANGLE AT 40 MPH = 17.2 DEGREES 
ENCROACHMENT ANGLE AT 50 MPH = 15.2 DEGREES 
ENCROACHMENT ANGLE AT 60 MPH = 13.0 DEGREES 
ENCROACHMENT ANGLE AT 70 MPH = 11.6 DEGREES 
LIMTING TRAFFIC VOLUME PER LANE. 10,000 VEHICLES PER DAY 
SWATH WIDTH = 12 FT. 

SEVERITY INDEX COST 
0.0 $ 0 
0.5 $ 500 
1. 0 $ 1,517 
2.0 $ 3,560 
3.0 $ 20,720 
4.0 $ 55,820 
5.0 $137,060 
6.0 $296,980 
7.0 $486,440 
8.0 $781,910 
9.0 $%1,145,570 

10.0 $%1,500,000 



~v~u~~ue - verS10n 4.~ U-'-14-1990 21:38:28 

1. TITLE: LIGHT POLE 5-2 

2. INITIAL TRAFFIC VOLUME = 5.000 
TRAFFIC GROWTH RATE = 2.0 % PER 
LIMITING TRAFFIC VOLUME PER LANE 

VEHICLES PER DAY 
YEAR DESIGN YEAR 

= 10.000 

PAGE lWMBER 2 

ADT = 7.430 

3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE ~IDTH = 12.0 FT. 

4. CURVATURE. 0.0 DEGREES 

5. IN! .IAL ENCROACHMENT FREQUENCY 
TRAFFIC BASELINE 
VOLUME ENC. 

ADJACENT 2.500 3.3250 
OPPOSING 2,500 3.3250 

GRADE (PERCENTAGE) = 0.0 

= 0.0013300 • (TVeff 
CURVATURE GRADE 

FACTOR FACTOR 
1.00 1.00 
1.00 1.00 

1.000000) 
USER TOTAL 
FACTOR ENC. 
1.0 3.3250 
1.0 3.3250 

6. DESIGN SPEED· 40 MPH ENCROACHMENT ANqLE - 17.2 SWATH WIDTH = 12.0 

7. LATERAL PLACEMENT (A) = 2. FT. 
LONGITUDINAL LENGTH (L) = l. FT. 
WIDTH OF OBSTACLE = l. FT. 

ZONE1 ZONE2 ZONE3 
ADJACENT 0.0020 0.0256 0.0006 ENCROACHMENTS / YEAR 
OPPOSING 0.0020 0.0256 0.0006 ENCROACHMENTS / YEAR 

8 . INITIAL COLLISION FREQUENCY = 0.015 IMPACTS PER YEAR 
EXPECTED IMPACTS OVER PROJECT LIFE == 0.363 
ADJACENT CFT'" 0.0114 CFl = 0.0004 CF2 .., 0.0105 CF3 = 0.0004 
OPPOSING CFT= 0.0034 CF4 :0:: 0.0001 CF5 :0:: 0 . 0032 CF6 = 0.0001 

9. SEVERITY INDEX = 3.80 3.80 3.80 3.80 3.80 
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE 

ACCIDENT COST = S 48,800 S 48,800 S 48,800 S 48,800 S 48 , 800 
INITIAL COST / YEAR IMPACTS WITH 
INITlhL COST/ YEAR IMPACTS WITH 
INITIAL COSTIYEAR IMPACTS WITH 
INITIAL COSTIYEAR IMPACTS WITH 
INITIAL COST/YEAR IMPACTS 

10. PROJECT LIFE = 20 YEARS 
KT = 9 . 818 KJ = 

11. COST OF INSTALLATION 
12. COST OF REPAIR S SU= 

13. MAINTENANCE COST PER YEAR 
14. SALVAGE VALUE 

15. TOTAL PRESENT WORTH 
HIGHWAY DEPARTMENT COST 

INSTALLATION COST = 
REPAIR COST = 
MAINTENANCE COST = 
SALVAGE VALUE • 
ACCIDENT COST = 

WITH 

0.215 

650 

UPSTREAM SIDE OF HAZARD .." S 20 
DOWNSTREAM SIDE OF HAZARD = S 7 
UPSTREAM CORNER OF HAZARD = S 512 
DOWNSTREAM CORNER OF HAZARD = S 155 
FACE OF HAZARD = S 27 

TOTAL INITIAL ACCIDENT COST = S 722. 

DISCOUNT RATE .., 8.0 % 
CRF ., 0 . 102 KC = 11. 466 

= S O. 
SD= 650 CU= 650 CD ... 650 F= 650 

= S 10 . 
= S O. 

= S 8,482. ANNUALIZED S 864. 
• S 208. ANNUALIZED S 2l. 

S O. ANNUALIZED S O. 
S 110. ANNUALIZED S 11. 
S 98. ANNUALIZED S 10. 
S O. ANNUALIZED S O. 
$ 8,274. ANNUALIZED S 843 . 



1. TITLE: LIGHT POLE 5-3 

2. INITIAL TRAFFIC VOLUME = 5 , 000 
TRAFFIC GROWTH RATE = 2.0 \ PER 
LIMITING TRAFFIC VOLUME PER LANE 

VEHICLES PER DAY 
YEAR DESIGN YEAR ADT = 7,430 
= 10,000 

3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12.0 F ' 

4. CURVATURE E 0.0 DEGREES GRADE (PERCENTAGE) = 0.0 

5. INITIAL ENCROACHMENT FREQUENCY = 0 . 0013300 • (TVeff 1.000000) 
TRAFFIC BASELINE CURVATURE GRADE USER TOTAL 
VOLUME ENC. FACTOR FACTOR FACTOR ENC. 

ADJACENT 2,500 3.3250 1.00 1.00 1.0 3.3250 
OPPOSING 2,500 3.3250 1. 00 1.00 1.0 3.3250 

6. DESIGN SPEED & 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH = 12 . 0 

7. LATERAL PLACEMENT (A) = 3. FT. 
LONGITUDINAL LENGTH (L) = 1. FT. 
WIDTH OF OBSTACLE = 1. FT. 

ZONE1 ZONE2 ZONE3 
ADJACENT 0.0020 0.0256 0.0006 ENCROACHMENTS / YEAR 
OPPOSING 0.0020 0.0256 0.0006 ENCROACHMENTS /YEAR 

8. INITIAL COLLISION FREQUENCY = 0.013 IMPACTS PER YEAR 
EXPECTED IMPACTS OVER PROJECT LIFE = 0.326 
ADJACENT CFT= 0.0102 CFl = 0.0004 CF2 = 0.0094 CF3 = 0.0004 
OPPOSING eFT- 0.0031 CF4., 0.0001 CF5 = 0.0029 CF6 = 0.0001 

9. SEVERITY INDEX ,.. 3.80 3.80 3.80 3.80 3.80 
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE 

ACCIDENT COST ., $ 48,800 $ 48,800 $ 48,800 S 48,800 S 48,800 
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = S 19 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = S 6 
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = S 459 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = $ 141 
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = $ 24 

TOTAL INITIAL ACCIDENT COST = $ 649. 

10. PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 % 
KT = 9.818 KJ = 0.215 CRF = 0.102 KC = 11.466 

11. COST OF INSTALLATION & $ 650. 
12. COST OF REPAIR $ SUE 650 SD= 650 CU= 650 CDc 650 F= 6~v 

13. MAINTENANCE COST PER YEAR = $ 10. 
14. SALVAGE VALUE = $ O. 

15. TOTAL PRESENT WORTH = $ 8,288. ANNUALIZED $ 844. 
HIGHWAY DEPARTMENT COST = $ 847. ANNUALIZED $ 86. 

INSTALLATION COST E $ 650. ANNUALIZED $ 66. 
REPAIR COST • $ 99 . ANNUALIZED $ 10. 
MAINTENANCE COST = $ 98. ANNUALIZED $ 10 . 
SALVAGE VALUE - $ O. ANNUALIZED $ O. 
ACCIDENT COST • $ 7,441. ANNUALIZED $ 758. 



ROADSIDE - Version 4.1 07-14-1990 21:44:51 

1. TITLE: LIGHT POLE 5-5 

2. INITIAL TRAFFIC VOLUME = 5,000 
TRAFFIC GROWTH RATE = 2.0 % PER 
LIMITING TRAFFIC VOLUME PER LANE 

VEHICLES PER DAY 
YEAR DESIGN YEAR 
= 10,000 

PAGE NUMBER 4 

ADT : 7,430 

3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC : 1. LANE WIDTH: 12.0 F •. 

4. CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) = 0.0 

5. INITIAL ENCROACHMENT FREQUENCY = 0.0013300 • (TVeff 
TRAFFIC BASELINE CURVATURE GRADE 
VOLUME ENC. FACTOR FACTOR 

ADJACENT 2,500 3.3250 1.00 1.00 
OPPOSING 2,500 3.3250 1.00 1.00 

1.000000 ) 
USER TOTAL 
FACTOR ENC. 
1.0 3.3250 
1.0 3.3250 

6. DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE: 17.2 SWATH WIDTH· 12.0 

7. LATERAL PLACEMENT (A) 
LONGITUDINAL LENGTH (L) 
WIDTH OF OBSTACLE 

ZONEl 
ADJACENT 0.0020 
OPPOSING 0.0020 

: 

: 

: 

5. FT. 
1. FT . 
1. FT. 

ZONE2 
0.0256 
0.0256 

8. INITIAL COLLISION FREQUENCY: 0.011 
EXPECTED IMPACTS OVER PROJECT LIFE -
ADJACENT CFT: 0.0082 CF1: 0.0003 
OPPOSING CFT: 0 . 0026 CF4. 0.0001 

9. SEVERITY INDEX : 3.80 3.80 
SIDEUP SIDEDOWN 

ZONE3 
0.0006 
0.0006 

ENCROACHMENTS / YEAR 
ENCROACHMENTS / YEAR 

IMPACTS PER YEAR 
0.266 
CF2: 0.0076 CF3 = 
CF5: 0.0024 CF6 = 

3.80 3.80 
UP CORNER DOWN CORNER 

0.0003 
0.0001 

3.80 
FACE 

ACCIDENT COST ~ S 48,800 S 48,800 S 48,800 S 48,800 S 48,80 
INITIAL COST/ YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD : S 15 
INITIAL COST/ YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD : S 5 
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD : S 372 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD : S 117 
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = S 19 

TOTAL INITIAL ACCIDENT COST : S 528. 

10. PROJECT LIFE = 20 YEARS DISCOUNT RATE: 8.0 % 
KT : 9.818 KJ : 0.215 CRF = 0.102 KC = 11. 466 

11. COST OF INSTALLATION : S 650 . 
12. COST OF REPAIR $ SUE 650 SD= 650 CU: 650 CD: 650 F: 650 

13. MAINTENANCE COST PER YEAR = S 10. 
14. SALVAGE VALUE = $ O. 

15. TOTAL PRESENT WORTH : S 6,886. ANNUALIZED $ 701. 
HIGHWAY DEPARTMENT COST : S 829. ANNUALIZED S 84 . 

INSTALLATION COST : S 650. ANNUALIZED S 66 . 
REPAIR COST - $ 81. ANNUALIZED S 8. 
MAINTENANCE COST = S 98. ANNUALIZED S 10. 
SALVAGE VALUE - S O. ANNUALIZED S O. 
ACCIDENT COST = S 6,057. ANNUALIZED S 617. 



1. TITLE: LIGHT POLE 5-4 

2. INITIAL TRAFFIC VOLUME = 5,000 \ 
TRAFFIC GROWTH RATE = 2.0 % PER y ,. 
LIMITING TRAFFIC VOLUME PER LANE = 

l CLES PER DAY 
.R DESIGN YEAR 

10,000 

PAGE NUMBER 5 

ADT = 7,430 

3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12.0 FT. 

4. CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) = 0.0 

5. INITIAL ENCROACHMENT FREQUENCY = 0.0013300 • (TVeff 1.000000) 
TRAFFIC BASELINE CURVATURE GRADE USER TOTAL 
VOLUME ENC. FACTOR FACTOR FACTOR ENC. 

ADJACENT 2,500 3.3250 1. 00 1. 00 1.0 3.3250 
OPPOSING 2,500 3.3250 1. 00 1.00 1.0 3.3250 

~, . DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH = 12.0 

7. LATERAL PLACEMENT (A) = 4. FT. 
LONGITUDINAL LENGTH (L) = 1. FT. 
WIDTH OF OBSTACLE = l. FT. 

ZONE1 ZONE2 ZONE3 
ADJACENT 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR 
OPPOSING 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR 

8. INITIAL COLLISION FREQUENCY = 0.012 IMPACTS PER YEAR 
EXPECTED IMPACTS OVER PROJECT LIFE = 0.294 
ADJACENT CFT= 0.0091 CFl = 0.0003 CF2 = 0.0084 CF3 = 0.0003 
OPPOSING CFT= 0.0028 CF4 = 0.0001 CF5 :I<: 0.0026 CF6 = o.oooi 

9. SEVERITY INDEX = 3.80 3.80 3.80 3.80 3.80 
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE 

J..CCIDENT COST = S 48,800 $ 48,800 $ 48,800 $ 48,800 $ 48,800 
: NITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = $ i7 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = $ 5 
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = $ 412 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = $ 128 
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = $ 22 

TOTAL INITIAL ACCIDENT COST = $ 584. 

10. PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 % 
KT = 9.818 KJ = 0.215 CRF = 0.102 KC = 11.466 

11. COST OF INSTALLATION = $ 650. 
12. COST OF REPAIR $ SU= 650 SD= 650 CU= 650 CD= 650 F= 650 

13. MAINTENANCE COST PER YEAR = $ 10. 
14. SI,LVAGE VALUE = $ O. 

15. TOTAL PRESENT WORTH = $ 7,535. ANNUALIZED $ 767. 
HIGHWAY DEPARTMENT COST = $ 837. ANNUALIZED $ 85. 

INSTALLATION COST = $ 650. ANNUALIZED $ 66. 
REPAIR COST = $ 89. AmruALIZED $ 9. 
MAINTEnANCE COST = $ 98. . . 'HUALIZED $ 10 . 
SALVAGE VALUE = $ O. 'lUALIZED $ O. 
ACCIDENT COST = S 6,698. r, '1JALIZED S 682. 



. ~ .................... ... .c .. o.vu .... 

1. TITLE: LIGHT POLE 5-6 

2. INITIAL TRAFFIC VOLUME = 5 . 000 
TRAFFIC GROWTH RATE = 2.0' PER 
LIMITING TRAFFIC VOLUME PER LANE 

~.I.:~U:~U PAGE NUMBER 6 

VEHICLES PER DAY 
YEAR DESIGN YEAR ADT = 7.430 

:E 10,000 

3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC. 1. LANE WIDTH. 12.0 FT. 

4 . CURVATURE = 0 . 0 DEGREES GRADE (PERCENTAGE) = 0.0 

5. INITIAL ENCROACHMENT FREQUENCY = 0 . 0013300 • (TVeff 
TRAFFIC BASELINE CURVATURE GRADE 
VOLUME ENC. FACTOR FACTOR 

ADJACENT 2.500 3.3250 1.00 1.00 
OPPOSING 2.500 3.3250 1.00 1.00 

6 . DESIGN SPEED • 40 MPH ENCROACHMENT ANGLE :E 17.2 

7. LATERAL PLACEMENT (A) = 
LONGITUDINAL LENGTH (L) = 
WIDTH OF OBSTACLE = 

ZONEl 
ADJACENT 0.0020 
OPPOSING 0.0020 

6. FT . 
1. FT. 
1. FT. 

ZONE2 
0.0256 
0.0256 

ZONE3 
0.0006 
0.0006 

- 1.000000) 
USER TOTAL 
FACTOR ENC. 
1.0 3.3250 
1.0 3.3250 

SWATH WIDTH :E 12 . 0 

ENCROACHMENTS / YEAR 
ENCROACHMENTS /YEAR 

8. INITIAL COLLISION FREQUENCY = 0 . 010 IMPACTS PER YEAR 
EXPECTED IMPACTS OVER PROJECT LIFE = 0.240 
ADJACENT CFT= 0.0074 CF1. 0 . 0003 CF2 = 0 . 0069 CF3 = 0 .0003 
OPPOSING CFT= 0.0023 CF4 - 0 . 00 01 CF5 a 0.0022 CF6 = 0.0001 

9. SEVERITY INDEX • 3.80 3.80 3.80 3.80 3.80 
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE 

ACCIDENT COST • $ 48.800 $ 48 . 800 $ 48 . 800 $ 48.800 S 48.800 
INITIAL COST / YEAR IMPACTS WITH 
INITIAL COST/ YEAR IMPACTS WITH 
INITIAL COST/ YEAR IMPACTS WITH 
INITIAL COST/ YEAR IMPACTS WITH 
INITIAL COST/ YEAR IMPACTS 

10. PROJECT LIFE = 20 YEARS 
KT = 9.818 KJ a 

11. COST OF INSTALLATION 
12 . COST OF REPAIR S SU= 

13 . MAINTENANCE COST PER YEAR 
14 . SALVAGE VALUE 

15 . TOTAL PRESENT WORTH 
HIGHWAY DEPARTMENT COST 

INSTALLATION COST = 
REPAIR COST = 
MAINTENANCE COST = 
SALVAGE VALUE -= 
ACCIDENT COST = 

WITH 

0.215 

650 

UPSTREAM SIDE OF HAZARD = $ 14 
DOWNSTREAM SIDE OF HAZARD = $ 4 
UPSTREAM CORNER OF HAZARD = $ 336 
DOWNSTREAM CORNER OF HAZARD = $ 106 
FACE OF HAZARD = $ 17 

TOTAL INITIAL ACCIDENT COST = $ 478. 

DISCOUNT RATE II:: 8.0 , 
CRF II: 0 . 102 KC = 11.466 

= S 650. 
SD- 650 CU= 650 CD= 650 F= 650 

= S 10 . 
a $ o. 

= $ 6.298 . ANNUALIZED $ 641. 
a $ 821. ANNUALIZED $ 84 . 

$ 650 . ANNUALIZED $ 66 . 
$ 73 . ANNUALIZED $ 7 . 
S 98 . ANNUALIZED $ 10 . 
$ O. ANNUALIZED $ O. 
$ 5.477. ANNUALIZED $ 558. 



...... "" ... ..., ...... 

1. TITLE: LIGHT POLE 5-7 

2. INITIAL TRAFFIC VOLUME z 5.000 
TRAFFIC GROWTH RATE z 2.0 \ PER 
LIMITING TRAFFIC VOLUME PER LANE 

f 

VEHICLES PER DAY 
YEAR DESIGN YEAR ADT -= 7.430 

: 10.000 

3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC E 1. LANE WIDTH = 12.0 F 

4. CURVATURE z 0.0 DEGREES GRADE (PERCENTAGE) = 0.0 

5. INITIAL ENCROACHMENT FREQUENCY = 0.0013300 • (TVeff - 1.000000) 
TRAFFIC BASELINE CURVATURE GRADE USER TOTAL 
VOLUME ENC. FACTOR FACTOR FACTOR ENC. 

ADJACENT 2.500 3.3250 1.00 1.00 1.0 3.3250 
OPPOSING 2.500 3.3250 1.00 1.00 1.0 3.3250 

6. DESIGN SPEED. 40 MPH ENCROACHMENT ANGLE z 17.2 SWATH WIDTH· 12.0 

7. LATERAL PLACEMENT (A) : 7. FT. 
LONGITUDINAL LENGTH (L) : 1. FT. 
WIDTH OF OBSTACLE : 1. FT. 

ZONEl ZONE2 
ADJACENT 0.0020 0.0256 
OPPOSING 0.0020 0.0256 

S. INITIAL COLLISION FREQUENCY : 0.009 
EXPECTED IMPACTS OVER PROJECT LIFE = 
ADJACENT CFT: 0.0067 CFl ... 0.0003 
OPPOSING CFT: 0.0021 CF4 "" 0.0001 

9. SEVERITY INDEX : 3.S0 3.S0 
SIDEUP SIDEDOWN 

ZONE3 
0.0006 
0.0006 

IMPACTS 
0.21S 
CF2 : 
CFS ... 

3.S0 

ENCROACHMENTS/YEAR 
ENCROACHMENTS/YEAR 

PER YEAR 

0.0062 CF3 = 0.0002 
0.0020 CF6: 0.0001 

3.80 
UP CORNER DOWN CORNER 

3.80 
FACE 

ACCIDENT COST : $ 48.800 $ 48.800 $ 48.800 $ 48.800 $ 48.80' 
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = $ 13 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD z $ 4 
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD ... $ 304 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = $ 96 
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD : $ 16 

TOTAL INITIAL ACCIDENT COST : $ 433. 

10. PROJECT LIFE = 20 YEARS DISCOUNT RATE z 8.0 % 
KT - 9.818 KJ • 0.215 CRF = 0.102 KC: 11.466 

11. COST OF INSTALLATION : $ 650. 
12. COST OF REPAIR $ SU: 650 SD: 650 CU, 650 CD: 650 F: 6~u 

13. MAINTENANCE COST PER YEAR = $ 10. 
14. SALVAGE VALUE z $ O. 

15. TOTAL PRESENT WORTH z $ 5.779. ANNUALIZED $ 589. 
HIGHWAY DEPARTMENT COST z $ S14 . ANNUALIZED $ 83. 

INSTALLATION COST : $ 650. ANNUALIZED $ 66. 
REPAIR COST = $ 66. ANNUALIZED $ 7. 
MAINTENANCE COST z $ 98. ANNUALIZED $ 10. 
SALVAGE VALUE = $ O. ANlnJALIZED $ O. 
ACCIDENT COST E $ 4,964. ANNUALIZED $ 506. 



1. TITLE: LIGHT POLE 5-8 

2. INITIAL TRAFFIC VOLUME ~ 5,000 
TRAFFIC GROWTH RATE - 2.0 % PER 
LIMITING TRAFFIC VOLUME PER LANE 

4o .... ..I ... <&...I • 

VEHICLES PER DAY 
YEAR DESIGN YEAR ADT - 7,430 

- 10,000 

3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC - 1, LANE WIDTH - 12.0 FT. 

4. CURVATURE - 0.0 DEGREES 

5. INITIAL ENCROACHMENT FREQUENCY 
TRAFFIC BASELINE 
VOLUME ENC. 

ADJACENT 2,500 3.3250 
OPPOSING 2,500 3.3250 

GRADE (PERCENTAGE) - 0.0 

- 0.0013300 * (TVett 
CURVATURE GRADE 

FACTOR FACTOR 
1.00 1.00 
1.00 1.00 

1.000000) 
USER TOTAL 
FACTOR ENC. 
1.0 3.3250 
1.0 3.3250 

6. DESIGN SPEED - 40 MPH ENCROACHMENT ANGLE ~ 17.2 SWATH WIDTH - 12.0 

7, LATERAL PLACEMENT (A) - 8. FT. 
LONGITUDINAL LENGTH (L) - 1. FT. 
WIDTH OF OBSTACLE - 1. FT. 

ZONEl ZONE2 ZONE3 
ADJACENT 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR 
OPPOSING 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR 

8. INITIAL COLLISION FREQUENCY - 0.008 IMPACTS PER YEAR 
EXPECTED IMPACTS OVER PROJECT LIFE - 0.197 
ADJACENT CFT- 0.0061 CFl - 0.0002 CF2 - 0.0056 CF3 - 0.0002 
OPPOSING CFT- 0.0019 CF4 - 0.0001 CF5 - 0.0018 CF6 - 0.0001 

9. SEVERITY INDEX - 3.80 3.80 3.80 3.80 3.80 
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE 

ACCIDENT COST - $ 48,800 $ 48,800 $ 48,800 $ 48,800 $ 48,800 
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD - $ 12 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD -$ 4 
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD - $ 276 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD -$ 87 
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD -$ 14 

TOTAL INITIAL ACCIDENT COST -$ 392. 

10. PROJECT LIFE - 20 YEARS DISCOUNT RATE - 8.0 % 
KT - 9.818 KJ - 0.215 CRF - 0.102 KC - 11.466 

11. COST OF INSTALLATION - $ 650. 
12. COST OF REPAIR $ SU- 650 SD- 650 CU- 650 CD- 650 F- 650 

13. MAINTENANCE COST PER YEAR - $ 10. 
14 . SALVAGE VALUE -$ O. 

15. TOTAL PRESEIIT WORTH -$ 5,306. ANNUALIZED $ 540. 
HIGHWAY DEPARTMENT COST - $ 808. ANNUALIZED $ 82. 

INSTALLATION COST - $ 650. ANNUALIZED $ 66. 
REPAIR COST - $ 60. ANNUALIZED $ 6. 
MAINTENANCE COST - $ 98. ANNUALIZED $ 10. 
SALVAGE VALUE - $ O. ANNUALIZED $ O. 
ACCIDENT COST - $ 4,498. ANNUALIZED $ 458. 



1. TITLE: LIGHT POLE 5-9 

2. INITIAL TRAFFIC VOLUME: 5,000 
TRAFFIC GROWTH RATE: 2.0 % PER 
LIMITING TRAFFIC VOLUME PER LANE 

VEHICLES PER DAY 
YEAR DESIGN YEAR ADT = 7,430 

: 10,000 

3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC: 1. LANE WIDTH: 12.0 F . 

4. CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) = 0.0 

5. INITIAL ENCROACHMENT FREQUENCY = 0.0013300 • (TVeff ~ 1.000000) 
TRAFFIC BASELINE CURVATURE GRADE USER TOTAL 
VOLUME ENC. FACTOR FACTOR FACTOR ENC. 

ADJACENT 2,500 3.3250 1.00 1.00 1.0 3.3250 
OPPOSING 2,500 3.3250 1.00 1.00 1.0 3.3250 

6. DESIGN SPEED: 40 MPH ENCROACHMENT ANGLE: 17.2 SWATH WIDTH = 12.0 

7 . LATERAL PLACEMENT (A) : 9. FT. 
LONGITUDINAL LENGTH (L) : 1. FT. 
WIDTH OF OBSTACLE : 1. FT. 

ZONEl ZONE2 
ADJACENT 0.0020 0.0256 
OPPOSING 0.0020 0.0256 

8. INITIAL COLLISION FREQUENCY : 0.007 
EXPECTED IMPACTS OVER PROJECT LIFE : 
ADJACENT CFT: 0.0055 CFl : 0.0002 
OPPOSING CFT: 0.0018 CF4 :0:: 0.0001 

ZONE3 
0.0006 
0.0006 

ENCROACHMENTS/YEAR 
ENCROACHMENTS/YEAR 

IMPACTS PER YEAR 
0.179 
CF2: 0.0051 CF3 = 0.0002 
CF5 = 0.0016 CF6: 0.0001 

9. SEVERITY INDEX: 3.80 
SIDEUP 

3.80 3.80 3.80 3.80 
FACE 

48,800 
10 

ACCIDENT COST : S 
INITIAL COST/YEAR 
INITIAL COST/YEAR 
INITIAL COST/YEAR 
INITIAL COST/YEAR 
INITIAL COST/YEAR 

48,800 S 
IMPACTS WITH 
IMPACTS WITH 
IMPACTS WITH 
IMPACTS WITH 
IMPACTS WITH 

SIDEDOWN UP CORNER DOWN CORNER 
48,800 S 48,800 S 48,800 
UPSTREAM SIDE OF HAZARD : S 
DOWNSTREAM SIDE OF HAZARD : S 
UPSTREAM CORNER OF HAZARD = S 
DOWNSTREAM CORNER OF HAZARD : S 
FACE OF HAZARD : $ 

TOTAL INITIAL ACCIDENT COST : S 

10. PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 % 
KT = 9.818 KJ : 0.215 CRF = 0.102 KC = 11.466 

11. COST OF INSTALLATION = S 650. 
12. COST OF REPAIR S SU: 650 SD: 650 CU: 650 CD: 650 

13. MAINTENANCE COST PER YEAR : S 10. 
14 . SALVAGE VALUE : S O. 

15. TOTAL PRESENT WORTH : S 4,886. ANNUALIZED $ 
HIGHWAY DEPARTMENT COST : S 803. ANNUALIZED $ 

INSTALLATION COST : S 650. ANNUALIZED S 
REPAIR COST : S 54. ANNUALIZED $ 
MAINTENANCE COST : S 98. ANNUALIZED S 
SALVAGE VALUE = S O. ANNUALIZED S 
ACCIDENT COST : $ 4,083. ANNUALIZED $ 

S 

F: 

498. 
82. 

66. 
6. 

10. 
O. 

416. 

3 
250 

79 
13 

356. 

6 , 



1. TITLE: LIGHT POLE 5-10 

2. INITIAL TRAFFIC VOLUME = 5.000 
TRAFFIC GROWTH RATE = 2.0' PER 
LIMITING TRAFFIC VOLUME PER LANE 

VEHICLES PER DAY 
YEAR DESIGN YEAR ADT = 7,430 

= 10,000 

3. UNDIVIDED HIGHWAY LANECS) OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12,0 FT. 

4. CURVATURE = 0.0 DEGREES 

5. INITIAL ENCROACHMENT FREQUENCY 
TRAFFIC BASELINE 
VOLUME ENC. 

ADJACENT 2,500 3.3250 
OPPOSING 2,500 3.3250 

GRADE (PERCENTAGE) = 0.0 

= 0.0013300 * CTVeff 
CURVATURE GRADE 

FACTOR FACTOR 
1.00 1.00 
1.00 1.00 

- 1. 000000) 
USER TOTAL 
FACTOR ENC. 
1. 0 3.3250 
1. 0 3.3250 

6. DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH = 12.0 

7. LATERAL PLACEMENT CAl = 10. FT, 
LONGITUDINAL LENGTH (L) = 1. FT. 
WIDTH OF OBSTACLE = 1. FT. 

ZONE1 ZONE2 ZONE3 
ADJACENT 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR 
OPPOSING 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR 

8 . INITIAL COLLISION FREQUENCY = 0.007 IMPACTS PER YEAR 
EXPECTED IMPACTS OVER PROJECT LIFE = 0.162 
ADJACENT CFTo:: 0.0050 CFl = 0.0002 CF2 = 0.0047 CF3 = 0.0002 
OPPOSING CFT= 0.0016 CF4 = 0.0001 CF5 = 0.0015 CF6 = O.OOO~ 

9. SEVERITY INDEX = 3.80 3.80 3.80 3.80 3.80 
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE 

ACCIDENT COST = $ 48,800 $ 48,800 $ 48,800 S 48,800 $ 48,800 
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = $ 10 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = S 3 
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = S 227 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = S 72 
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = $ 12 

TOTAL INITIAL ACCIDENT COST = $ 323. 

10. PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 % 
KT = 9.818 KJ = 0.215 CRF = 0.102 KC = 11.466 

11. COST OF INSTALLATION = $ 650. 
12. COST OF REPAIR $ SU:::: 650 SD= 650 CU= 650 CDc 650 F= 650 

13. MAINTENANCE COST PER YEAR = $ 10 . 
14, SALVAGE VALUE = $ O. 

15. TOTAL PRESENT WORTH = $ 4,502. ANNUALIZED $ 459. 
HIGHWAY DEPARTMENT COST = $ 798. ANNUALIZED $ 81. 

INSTALLATION COST = S 650 . ANNUALIZED $ 66. 
REPAIR COST = S 49. ANNUALIZED $ 5. 
MAINTENANCE COST = S 98. ANNUALIZED $ 10. 
SALVAGE VALUE = $ O. ANNUALIZED S O. 
ACCIDENT COST = S 3,704. ANNUALIZED $ 377. 
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'ROADSIDE'COMPUTER RUN 
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ROADSIDE - Version 4.1 07-14-1990 23:35:49 PAGE NUMBER 52 

1. TITLE: LIGHT POLE (B/A)-5 · 

2. INITIAL TRAFFIC VOLUME: 5,000 
TRAFFIC GROWTH RATE: 2.0 \ PER 
LIMITING TRAFFIC VOLUME PER LANE 

VEHICLES PER DAY 
YEAR DESIGN YEAR ADT : 7.430 

-= 10,000 

'/" 

3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC: 1. LANE WIDTH = 12.0 F .. 

4. CURVATURE: 0.0 DEGREES 

5. INITIAL ENCROACHMENT FREQUENCY 
TRAFFIC BASELINE 
VOLUME ENC. 

ADJACENT 2,500 3.3250 
OPPOSING 2,500 3.3250 

GRADE (PERCENTAGE) = 0.0 

: 0.0013300 • (TVeff 
CURVATURE GRADE 

FACTOR FACTOR 
1.00 1.00 
1. 00 1. 00 

- 1. 000000) 
USER TOTAL 
FACTOR ENC. 
1. 0 3.3250 
1.0 3.3250 

6. DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE: 17.2 SWATH WIDTH = 12 . 0 

7. LATERAL PLACEMENT (A) : 2. FT. 
LONGITUDINAL LENGTH (L) : 1. FT . 
WIDTH OF OBSTACLE : 1. FT. 

ZONE1 ZONE2 ZONE3 
ADJACENT 0.0020 0.0256 0.0006 ENCROACHMENTS / YEAR 
OPPOSING 0 . 0020 0.0256 0.0006 ENCROACHMENTS / YEAR 

8 . INITIAL COLLISION FREQUENCY : 0.015 IMPACTS PER YEAR 
EXPECTED IMPACTS OVER PROJECT LIFE : 0.363 
ADJACENT CFT: 0.0114 CF1 : 0.0004 cn : 0.0105 CF3 : 0.0004 
OPPOSING CFT: 0.0034 CF4 = 0.0001 CF5 : 0.0032 CF6 : 0.0001 

9. SEVERITY INDEX : 1. 50 1. 50 1. 50 1. 50 1. 50 
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE 

ACCIDENT COST = $ 2.538 $ 2.538 $ 2,538 $ 2 , 538 $ 2,53 
INITIAL COST / YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD : $ 1 
INITIAL COST/ YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD : $ 0 
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD : $ 27 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD : $ 8 
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD : $ 1 

TOTAL INITIAL ACCIDENT COST : $ 38. 

10. PROJECT LIFE: 20 YEARS DISCOUNT RATE: 8.0 % 
RT = 9.818 RJ = 0.215 CRF = 0.102 RC = 11.466 

11. COST OF INSTALLATION : $ 750. 
12. COST OF REPAIR $ SUE 350 SO: 350 CUE 350 CD: 350 F: 350 

13. MAINTENANCE COST PER YEAR : $ 10 . 
14. SALVAGE VALUE = $ O. 

15. TOTAL PRESENT WORTH : $ 1.338. ANNUALIZED $ 136. 
HIGHWAY DEPARTMENT COST : $ 908. ANNUALIZED $ 92 . 

INSTALLATION COST : $ 750. ANNUALIZED $ 76. 
REPAIR COST - $ 59. ANNUALIZED $ 6. 
MAINTENANCE COST • $ 98. ANNUALIZED $ 10 . 
SALVAGE VALUE : S O. ANNUALIZED S O. 
ACCIDENT COST : S 430. ANNUALIZED S 44. 



ROADSIDE - Version 4.1 07-14-1990 23:36:54 

1. TITLE: LIGHT POLE (B / A)-10 

2. INITIAL TRAFFIC VOLUME = 10,000 
TRAFFIC GROWTH RATE = 2.0 % PER 
LIMITING TRAFFIC VOLUME PER LANE 

VEHICLES PER DAY 
YEAR DESIGN YEAR 

= 10,000 

PAGE NUMBER 53 

ADT = 14 , 859 

3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1 . LANE WIDTH = 12.0 FT . 

4 . CURVATURE: 0.0 DEGREES 

5. INITIAL ENCROACHMENT FREQUENCY 
TRAFFIC BASELINE 
VOLUME ENC. 

ADJACENT 5 , 000 6 . 6500 
OPPOSING 5,000 6.6500 

GRADE (PERCENTAGE) = 0 .0 

= 0.0013300 • (TVeff - 1.00000 0) 
CURVATURE GRADE USER TOTAL 

FACTOR FACTOR FACTOR ENC. 
1 . 00 1.00 1 . 0 6 . 6500 
1 . 00 1.00 1.0 6 . 6500 

6. DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH = 12.0 

7. LATERAL PLACEMENT (A) = 2. FT. 
LONGITUDINAL LENGTH (L) = 1. FT. 
WIDTH OF OBSTACLE = 1. FT . 

ZONE1 ZONE2 ZONE3 
ADJACENT 0.0041 0.0511 0 . 0013 ENCROACHMENTS / YEAR 
OPPOSING 0.0041 0.0511 0.0013 ENCROACHMENTS / YEAR 

8 . INITIAL COLLISION FREQUENCY = 0 . 030 IMPACTS PER YEAR 
EXPECTED IMPACTS OVER PROJECT LIFE = 0.726 
ADJACENT CFT= 0.022 7 CFl = 0 . 0008 CF2 = 0.0210 CF3 = 0 . 0009 
OPPOSING CFT= 0.0069 CF4 = 0.0003 CF5 = 0 . 0064 CF6 = 0.0002 

9. SEVERITY INDEX = 1. 50 1.50 1. 50 1.50 1.50 
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE 

ACCIDENT COST = $ 2,538 $ 2 , 538 $ 2,538 $ 2,538 $ 2,538 
INITIAL COST / YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = $ 2 
INITIAL COST / YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = $ 1 
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = $ 53 
INITIAL COST/ YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = $ 16 
INITIAL COST/ YEAR IMPACTS WITH FACE OF HAZARD = $ 3 

TOTAL INITIAL ACCIDENT COST = $ 75 . 

1 0 . PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 % 
KT = 9.818 KJ = 0.215 CRF = 0 . 102 KC = 11. 466 

11. COST OF INSTALLATION = $ 750 . 
12. COST OF REPAIR $ SU= 350 SD= 350 CU: 350 CD= 350 F= 350 

13. MAINTENANCE COST PER YEAR " $ 10 . 
14. SALVAGE VALUE = $ O. 

15. TOTAL PRESENT WORTH = $ 1,828 . ANNUALIZED $ 186 . 
HIGHWAY DEPARTMENT COST = $ 967. ANNUALIZED S 98. 

INSTALLATION COST : $ 750. ANNUALIZED S 76. 
REPAIR COST = $ 119 . ANNUALIZED S 12 . 
MAINTENANCE COST = $ 98. ANNUALIZED S 10. 
SALVAGE VALUE = $ O. ANNUALIZED $ O. 
ACCIDENT COST · = S 861. ANNUALIZED S 88. 



~v~u~~u~ - vers~on ~.~ UJ-14-1990 23:38:00 

1. TITLE: LIGHT POLE (B/A)-20 

2. INITIAL TRAFFIC VOLUME - 20.000 
TRAFFIC GROWTH RATE ~ 2.0 % PER 
LIMITING TRAFFIC VOLUME PER LANE 

VEHICLES PER DAY 
YEAR DESIGN YEAR 

= 10.000 

PAGE NUMBER 54 

ADT = 29.719 

3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC - 1. LANE WIDTH - 12.0 f 

4. CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) - 0.0 

5. INITIAL ENCROACHMENT FREQUENCY - 0.0013300 • (TVeff 1.000000) 
TRAFFIC BASELINE CURVATURE GRADE USER TOTAL 
VOLUME ENC. FACTOR FACTOR FACTOR ENC. 

ADJACENT 10.000 13.3000 1.00 1.00 1.0 13.3000 
OPPOSING 10.000 13.3000 1. 00 1. 00 1.0 13.3000 

6. DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH .. 12.0 

7. LATERAL PLACEMENT (A) = 2. FT. 
LONGITUDINAL LENGTH (L) = 1. FT. 
WIDTH OF OBSTACLE = 1. FT. 

ZONE1 ZONE2 ZONE3 
ADJACENT 0.0081 0.1022 0.0025 ENCROACHMENTS/YEAR 
OPPOSING 0.0081 0.1022 0.0025 ENCROACHMENTS/YEAR 

8. INITIAL COLLISION FREQUENCY = 0.059 IMPACTS PER YEAR 
EXPECTED IMPACTS OVER PROJECT LIFE = 1. 451 
ADJACENT CFT= 0.0454 CFl "" 0.0017 CF2 = 0.0420 CF3 = 0.0018 
OPPOSING CFT= 0.0137 CF4 = 0.0005 CF5 = 0.0127 CF6 = 0.0005 

9. SEVERITY INDEX = 1. 50 1. 50 1.50 1.50 1. 50 
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE 

ACCIDENT COST = S 2.538 S 2.538 S 2.538 S 2.538 S 2.53 
INITIAL COSTIYEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = S 4 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = S 1 
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = S 107 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = S 32 
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = $ 6 

TOTAL INITIAL ACCIDENT COST = S 150. 

10. PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 % 
KT = 9.818 KJ = 0.215 CRF = 0.102 KC = 11. 466 

11. COST OF INSTALLATION = S 750. 
12. COST OF REPAIR S SU= 350 SD- 350 CU= 350 CD= 350 F- 350 

13. MAINTENANCE COST PER YEAR = S 10. 
14 . SALVAGE VALUE = $ O. 

15. TOTAL PRESENT WORTH = S 2.807. ANNUALIZED S 286. 
HIGHWAY DEPARTMENT COST = S 1.086. ANNUALIZED S 111. 

INSTALLATION COST = S 750. ANNUALIZED S 76. 
REPAIR COST = S 237. ANNUALIZED S 24. 
MAINTENANCE COST = S 98. ANNtTALIZED S 10. 
SALVAGE VALUE = S O. ANNUALIZED S O. 
ACCIDENT COST = S 1.721. ANNUAliIZED S 175. 



ROADSIDE - Version 4.1 07-14-1990 23:39:06 

1. TITLE: LIGHT POLE IB/A)-30 

2. INITIAL TRAFFIC VOLUME: 30.000 
TRAFFIC GROWTH RATE: 2.0 % PER 
LIMITING TRAFFIC VOLUME PER LANE 

VEHICLES PER DAY 
YEAR DESIGN YEAR 

: 10.000 

PAGE NtJMBER 55 

ADT : 44.578 

3. UNDIVIDED HIGHWAY LANE IS) OF ADJACENT TRAFFIC: 1 . LANE WIDTH: 12.0 FT. 

4. CURVATURE ~ 0.0 DEGREES 

5. INITIAL ENCROACHMENT FREQUENCY 
TRAFFIC BASELINE 
VOLUME ENC. 

ADJACENT 15.000 13.3000 
OPPOSING 15.000 13.3000 

GRADE IPERCENTAGE ) = 0.0 

: 0 .0013300 • ITVeff 
CURVATURE GRADE 

FACTOR FACTOR 
1.00 1.00 
1.00 1.00 

1 . 000000) 
USER TOTAL 
FACTOR ENC. 
1.0 13.3000 
1.0 13.3000 

6. DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE: 17 . 2 SWATH WIDTH: 12.0 

7. LATERAL PLACEMENT IA) : 

LONGITUDINAL LENGTH I L) : 

WIDTH OF OBSTACLE : 

ZONEl 
ADJACENT 0.0081 
OPPOSING 0.0081 

8 . INITIAL COLLISION FREQUENCY : 

EXPECTED IMPACTS OVER PROJECT 
ADJACENT CFT: 0.0454 CFl 
OPPOSING CFT: 0.0137 CF4 

9. SEVERITY INDEX "" 1.50 
SIDEUP 

2. FT. 
1. FT. 
1. FT. 

ZONE2 
0.1022 
0.1022 

0.059 
LIFE : 
: 0.0017 
: 0.0005 

1. SO 
SIDEDOWN 

ZONE3 
0.0025 
0.0025 

IMPACTS 
1. 451 
CF2 : 
CF5 : 

1.50 

ENCROACHMENTS / YEAR 
ENCROACH.1ENTS /YEAR 

PER YEAR 

0.0420 C ; ~ 0.0018 
0 . 0127 CF6: 0 . 0005 

1. SO 
UP CORNER DOWN CORNER 

1.50 
FACE 

ACCIDENT COST : S 2.538 S 2.538 S 2.538 S 2 ,5 38 S 2.538 
INITIAL COST / YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD : S 4 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD : S 1 
INIT ! AL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD : S 107 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD : S 32 
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD : S 6 

TOTAL INITIAL ACCIDENT COST : S 150. 

10. PROJ ECT LIFE: 20 YEARS DISCOUNT RATE: 8.0 % 
KT = 9.818 KJ : 0.215 CRF: 0.102 KC: 11.466 

11. COST OF INSTALLATION = S 750. 
12. COST OF REPAIR S SU= 350 SD: 350 CU: 350 CD: 350 F= 350 

13. MAINTENANCE COST PER YEAR : S 10. 
14 . SALVAGE VALUE : S O. 

15. TOTAL PRESENT WORTH = S 2.807. ANNUALIZED S 286. 
HIGHWAY DEPARTMENT COST = S 1.086. ANNUALIZED S 111. 

INSTALLATION COST : S 750. ANNUALIZED S 76. 
REPAIR COST : S 237 . ANNUALIZED S 24 . 
MAINTENANCE COST : S 98. ANNUALIZED S 10. 
SALVAGE VALUE ~ S O. ANNUALIZED S O. 
ACCIDENT COST = S 1.721. ANNUALIZED S 175 . 



. ROADSIDE - Version 4.1 07-14-1990 23:42:09 

1. TITLE: LIGHT POLE IB / AI-40 

2. INITIAL TRAFFIC VOLUME = 40,000 
TRAFFIC GROWTH RATE = 2.0' PER 
LIMITING TRAFFIC VOLUME PER LANE 

VEHICLES PER DAY 
YEAR DESIGN YEAR 

: 10,000 

PAGE NUMBER 56 

ADT = 59,438 

3. UNDIVIDED HIGHWAY LANE lSI OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12 . 0 FT. 

4. CURVATURE = 0.0 DEGREES GRADE I PERCENTAGE I = 0 . 0 

5 . INITIAL ENCROACHMENT FREQUENCY : 0.0013300 • ITVeff . 1.0000001 
TRAFFIC BASELINE CURVATURE GRADE USER TOTAL 
VOLUME ENC. FACTOR FACTOR FACTOR ENC. 

ADJACENT 20,000 13.3000 1. 00 1.00 1.0 13.3000 
OPPOSING 20,000 13.3000 1.00 1. 00 1.0 13.3000 

6. DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17,2 SWATH WIDTH = 12.0 

7 . LATERAL PLACEMENT IAI = 2. FT. 
LONGITUDINAL LENGTH I L I = 1. FT. 
WIDTH OF OBSTACLE = 1. FT. 

ZONE1 ZONE2 ZONE3 
ADJACENT 0.0081 0.1022 0.0025 ENCROACHMENTS / YEAR 
OPPOSING 0.0081 0.1022 0.0025 ENCROACHMENTS / YEAR 

8. INITIAL COLLISION FREQUENCY = 0.059 IMPACTS PER YEAR 
EXPECTED IMPACTS OVER PROJECT LIFE - 1. 451 
ADJACENT CFT= 0.0454 CF1 ~ 0.0017 CF2 = 0.0420 CF3 = 0.0018 
OPPOSING eFT: 0 . 0137 CF4 = 0.0005 CF5 = 0.0127 CF6 = 0.0 005 

9 . SEVERITY INDEX = 1.50 1. 50 1. 50 1. 50 1.50 
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE 

ACCIDEI-iT COST = S 2,538 S 2,538 S 2,538 S 2,538 S 2 , 530 
INITIAL COST / YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = S 4 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = S 1 
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = S 107 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = S 32 
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = S 6 

TOTAL INITIAL ACCIDENT COST = S 150. 

10. PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 % 
KT - 9.818 KJ = 0.215 CRF = 0.102 KC = 11. 466 

11. COST OF INSTALLATION - S 750. 
12 . COST OF REPAIR S SUe 350 SD= 350 eu= 350 CD- 350 F= 3! 

13. MAINTENANCE COST PER YEAR : S 10. 
14 . SALVAGE VALUE - S O. 

15. TOTAL PRESENT WORTH = S 2,807. ANNUALIZED S 286. 
HIGHWAY DEPARTMENT COST • S 1,086. ANNUALIZED S 111. 

INSTALLATION COST = S 750 . ANNUALIZED S 76. 
REPAIR COST : S 237. ANNUALIZED S 24 . 
MAINTENANCE COST - S 98. ANNUALIZED S 10 . 
SALVAGE VALUE = S O. ANNUALIZED S O. 
ACCIDENT COST : S 1,721. ANNUALIZED S 175. 
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REIMBURSEMENT LITERATURE REVIEW 

Relocation of public utilities located in the highway right-of-way has been an 

important issue for many years. The following section includes a detailed summary of thls 

issue taken from the pUblication entitled, "Selected Studies in Highway Law--Vol. 2: by 

Larry W. Thomas ~. It includes a discussion on the payments to public utilities for the 

relocation of their facilities in highway right-of-way. 

INTRODUCTION 

Two basic issues were addressed: the first was the extent to which either the State 

or the utility should pay the cost of relocation when the utility is required to move its 

facilities due to highway construction or improvements; the second was the reimbursement 

of States for payments to utilities pursuant to Title 23, Section 123 of the United States 

Code (U.S. C.). The first situation is strictly a matter between the utility and the State, 

county, or city. or an agency of one of those levels of government. When utility facilities are 

relocated, the utility may claim that the government which required the relocation must pay 

for the relocation expenses. Unless there is a specific statutory authority for such payments, 

the utility usually will have to bear the costs. The second situation is concerned with the 

reimbursement of States by the Federal Highway Administration (FHW A) where the States 

are paying the cost of utility relocation from the highway right-<Jf-way as part of the highway 

construction project. 

The term "utilities" as used by Thomas ~ means a business or service that is 

engaged in regularly providing the public with a commodity that it requires, such as 

electricity, gas, water, transportation, telephone, or telegraph service. The federal regulations 

for Title 23, Section 123 of the U.S.C. define the term as follows: 
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Utility shall mean and include all privately, publicly, or cooperatively owned lines, 
facilities, and systems for producing, transmitting or distributing communications, 
power, electricity, light, heat, gas, oil, crude products, water, steam, waste, storm 
water not connected with highway drainage, and other similar commodities, including 
publicly owned fIre and police signal systems and street lighting systems, which 
directly or indirectly serve the public or any pan thereof. The term "utility" shall also 
mean the utility company, inclusive of any wholly owned or controlled subsidiary. 

Although a few State statutes may distinguish between public and private utilities, the 

type of ownership does not appear to be a significant factor on the legal issues with payment 

of relocation costs. 

The term "reimbursement" is somewhat misleading in that its application is more 

precise in the discussion of reimbursement of States by the FHW A. Where the State, 

pursuant to Title 23, Section 123 of the U.S.C. ,pays the cost of relocation of utility facilities, 

the States are reimbursed pro-rata for their expense in the same proportion as the 

percentage of Federal funds participating in the project. 

The term "relocation" means a utility, located in the highway proper or in the highway 

right-of-way, has had to adjust, move, or relocate its facilities in order for the highway 

agency to complete the highway project. 

At the time, Thomas found that reimbursement of relocation cost of utilities was 

sanctioned for Interstate Highway projects in fifteen States. Such payments were authorized 

on all Federal-aid highway projects in six States. Seven States paid utility relocation cost on 

certain types of State highways. However, no statutory authority existed for paying such cost 

in eleven States. 

429 



COMPENSATION FOR TAKING OR DAMAGING OF UTILITy EASEMENT OR 
PROPERTY 

Maiority View 

Utility facilities may be located in the highway right-of-way pursuant to statute or 

written permission such as a license, franchise, or permit. The method by which a utility is 

able to locate its facilities within highway right-of-way is important in determining whether 

a utility must be paid for relocating. 

When a utility is located entirely on its own private right-of-way or easement, the 

courts have been consistent in requiring the highway agency to either purchase or condemn 

the utility'S property interest before compelling the relocation of facilities. The case which 

set the precedent came from Commonwealth vs. Means & Russell Iron CQ" (299 Ky. 465, 

185 S.W. 2d 960 1945). It stated: 

"The rule is now as it was then, when the government requires the relocation of a 
perpetual easement for the public convenience its owner is entitled to compensation 
in the form of damages, which may be deterntined by the actual cost of relocation. " 

Minority View 

A utility cannot be required to relocate its facilities which are located on its own 

property by the State's police power. However, there have been cases which awarded 

compensation for the taking ofa utility's property, when the utility's interest did not rise to 

the level of a fee or an easement. The cases occurred when the utility was compelled to 

remove its facilities to a new location outside of the highway right-of-way. It was stated that 

this complete abrogation of the privilege to be located in the highway right-of-way 

constituted a taking. 
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It seems there have been few court decisions which have elaborated on the issue of 

what constitutes "just compensation" . But, it appears to be the value of any real estate taken 

plus the cost of relocating the facilities. 

The courts have held consistently that where the utility's facilities are located on 

private property, the highway agency may not compel them to be relocated without paying 

just compensation. 

RELOCATION WITHOUT PAYMENT PURSUANT TO TIIE POUCE POWER 
WHERE TIlE WillY HAS NO PROPERTY INTEREST 

State's Authority to Reguire Relocation of Utilities 

In most situations which involve relocation of utilities, the facilities will not be 

located on private property, instead, they will be located in the highway right-<>f-way, usually 

by permission of a statute , franchise, license, or permit. 

The authority of the State to regulate its streets and highways is well established. The 

utilities located along the streets and highways are also included within the scope of this 

authority. This includes the right to require the utility to relocate its facilities when required 

by highway construction or improvements. When utilities are located in highways or highway 

right-of· way by virtue of a statute or franchise, they require no vested right to any specific 

location in the right-<>f-way. 

There are limitations on the State's requiring relocation of facilities pursuant to the 

doctrine of the police power. One such limitation is that the State must be acting 

reasonably. The key to the scope of police power is reasonableness, because the Constitution 

does not require compensation where there is an appropriate exercise of power. It does 
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define a taking in eminent domain as compensable. In addition to being reasonable, the 

action of the public authority that is requiring relocation must be "governmental in nature"; 

that is, it must be for a governmental purpose. Generally, the decision to relocate utility 

facilities in order to accommodate highway construction is considered a recognizable, 

traditional, governmental function. 

Another limitation on the government's right to compel relocation is that it may not 

discriminate unfairly among utilities, and any distinction between utilities involving 

relocation cost or reimbursement must have a reasonable, rational basis. 

Finally, it appears to be a general rule, that, unless a statute authority authorizes 

payment of relocation cost, a State, county, or municipal agency may not enter into a 

contract that intends to bind the agency to paying such cost. 

No Liability for Relocation Cost in the Absence of Statute 

In the absence of statute, the courts have consistently held, that, if utility facilities are 

required to be relocated due to highway construction or improvements, the utility, and not 

the State or highway agency, must bear the cost incurred in relocating. 

One reason for this common law rule is that, because utilities occupy the highways 

free of cost, they should not be entitled to compensation when they are required to relocate 

their facilities in order to accommodate highway improvements. 

Another reason is the courts believe that the utilities have an implied obligation to 

relocate their property at their own expense when a governmental use of the streets renders 

the relocation necessary. 
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Effect of Franchises or Other Aereements 

The fact that the utility has been allowed by virtue of a franchise or an agreement 

to occupy a highway right-of-way does not create any property right that must be 

compensated when the utility is required to relocate its facilities. Even though the utility 

may have a franchise, license, or pennit, the general rule is that the utility must relocate its 

facilities at its own expense when the changes resulted from public necessity. 

A "franchise" is defined as a special privilege conferred by the State on an individual 

or corporation to do that which a citizen cannot do by common right. Unlike a license, a 

franchise usually does not create an inlcrest in land, even though the use of the franchise 

requires the occupancy of land. 

Effect of Municipal Ownership 

It is generally known that in the absence of State practice or statute, municipally 

owned utilities must bear the cost to relocate their facilities in the right-of-way when they 

are required to do so by State highway construction. There are several reasons for this 

general conclusion. First, the State has jurisdiction over the highways even though the "fee" 

tiUe to the street or highway may be vested in the municipality. However, in a few cases, the 

municipality has been reimbursed or compensated on the basis that · it holds title to its 

streets . Second, in the absence of State practice or statute, no compensation is required to 

be paid to a municipally owned utility, because it is considered by the courts to be exercising 

a "proprietary" function when it goes into the utility business. A proprietary service is one 

conducted for a fee or charge for the benefit of the community. When performing a 

proprietary service, the municipality is considered to have the rights and obligations of a 

private corporation. 
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Effect of Location on Toll Road 

When a utility is located in or along a toll road, the toll road is a ·public highway" 

for the purpose of determining that the utility must pay the cost of relocation. Unless a 

provision for the toll road authority exists, the utility may be required to relocate its facilities 

at its own expense. 

REIMBURSEMENT OF STATES FOR RELOCATION PAYMENTS MADE TO 
UTILflJES; TITLE 23. U,S,C .. SECUON 123 

As stated earlier, the general rule is that a state or highway agency is not required, 

in the absence of statute, to pay a utility its cost to relocate its facilities located in the 

highway or highway right-of-way due to highway construction or improvements. In 1956, the 

Congress authorized the FHW A to reimburse the -States for utility relocation cost in the 

same proportion that Federal funds were expanded on the project. 

Elieibility for Reimbursement 

On Federal-aid primary or secondary systems or the Interstate system, the States may 

be reimbursed for the cost of relocating utility facilities when part of the highway 

construction project in the same proportion as the amount of Federal funds spent on the 

project. The reimbursement may be made whether the utility facilities are publicly, privately, 

or cooperatively owned. 

Reimbursement Where Utility Has a Prol>erty Rjght 

First, reimbursement may occur on a pro-rata basis if the utility has the right to 

occupy the site. The regulations authorize reimbursement 

"where the utility has the right of occupancy in its existing location by reason of 
holding fee, an easement, or other real property interest, the damaging or taking of 
which is compensable in eminent domain." 
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A "fee" is equivalent to "fee simple" or "fee simple absolute" which is the largest estate in 

terms of ownership. An "easement" is the right to use the land of another for a special 

purpose. 

Reimbursement Where Payment Is Made Pursuant to Suitable State Law 

Second, the State may be reimbursed for utility relocation costs 

"where the utility occupies either publicly or privately owned land or public right-of­
waY,and the State's payment of the costs of relocation is made pursuant to State law, 
and does not violate a legal contract between · the utility and the State, provided an 
affinnative finding has been made by FHW A that such a law forms a suitable basis 
for Federal-aid fund participation under the provisions of 23 U.S.C.123. " 

Reimbursement Where Utility Is owned by State Agency or olitical Subdivision 

The third category for reimbursement is 

"where the utility which occupies publicly owned lands or public right-of-way is owned 
by an agency or political subdivision is not required by law or agreement to relocate 
its facilities at its own expense, provided the State has furnished a statement to 
FHW A establishing and/or citing its legal authority or obligation to make such 
payments, and an affinnative fmding has been made by FHW A that such a statement 
forms a suitable basis for Federal-aid participation under the provisions of23 U.S.C." 

SUMMARY AND CONCLUSIONS (by Thomasl 

When utilities located in or along State highways or right-of-way must be relocated, 

the interest held by the utility must be analyzed in order to determine whether the State or 

the utility must bear the cost. 

In the case where utilities are located on property that the utility has acquired, such 

as an easement or right-of-way, the rule is that the Slate must pay the relocation cost. This 

corresponds to highway construction or improvement which requires the utilities to relocate. 

The reason is that the agency's action constitutes a taking or damaging of private property 

for public use. 
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A utility is more likely to locate its facilities with accordance to a franchise, pennit, 

license, or other agreement. Unless there is statutory authority for paying relocation cost, 

the general rule is that the utility must bear its own cost when required to relocate or 

remove its facilities due to highway improvements. 

Most State statutes regarding reimbursement were enacted in order to take advantage 

of Title 23 U.S.C.Section 123, which allows the FHWA to reimburse States on a pro-rata 

basis for utility relocation cost as part of the highway construction contract. 

FINAL COMMENTS 

The Federal Highway Administration has a policy which deals with utility relocation 

and reimbursement. It is part of the Federal-Aid Highway Program Manual FHPM 6-6-3-1 , 

as shown in Appendix R. The subsection entitled, ·Utility Relocations, Adjustments , and 

Reimbursement,· was included for the pUlJX)se of reference material. 
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REIMBURSEMENT POLICIFS TO UTILITIES 
(QUESTIONNAIRE 112) 
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University of 
Nebraska 
Lincoln 

August 16, 1989 

Dear Mr. : 

Department 01 
Civil Engineering 

W348 Nebraska Han 
Uncoln, NE 68588-(1531 

The University of Nebraska is currently conducting a research study for the Nebraska 
Department of Roads (NDOR), entitled "Economic and Safety Considerations for 
Establishing Minimum Lateral Obstacle Clearance Policies for Utility Facilities in Urban 
Areas." While the emphasis will be on urban roads, the study will also include rural roads. 

One of the research tasks is to conduct a review of other states' utility reimbursement 
policies for highway construction relocations. This review includes such utilities such as 
electric power, telephone, pipeline. cable tv, etc. The enclosed Questionnaire addresses a 
number of issues concerning utility reimbursement policies. 

We would greatly appreciate a response by September 6, 1989. If you do not intend to 
participate, will you please inform us of this so that we can complete the summary of this 
questionnaire as soon as possible. 

I would like to take this opportunity to thank you in advance for your assistance and time 
in addressing a critical safety issue. 

Respectfully, 

Dr. Edward R. Post, Ph.D., P.E. 
Professor 

ERP/wge 

cc: Mr. Fred Gunderson 
NDOR Project Manager 

enclosures (1) 

University of Nebrask~ncoln University of Nebraska at Omaha University of Nebraska Medical Center 



QUESTIONNAIRE 

UTILI1Y REIMBURSEMENT POLICY 
FOR HIGHWAY CONSTRUCFION WCATIONS 

State Agency 

Nebraska Department of Roads 
University of Nebraska-lincoln 

August 11, 1989 

Name of Respondent ________________________ _ 

Address 

Phone 

1. Does your state have a specific policy regarding reimbursement to utilities for highway 
construction related relocations? 

Yes __ _ 

2. Is your policy set by: 

State Law 
Local Ordinances 
Franchise Agreement 

No __ _ 

3. Does your state follow FHPM 6-6-3-1 in determining eligible cos(S? 

Yes No 

4. Do you use Federal Funds for utility relocations? 

Yes No 

a) On an annual basis, what approximate percentage of reimbursable utility costs do 
you utilize from Federal Funds? 

1) Less that 20% 
2) 20% to 40% 
3) 40% to 60% 
4) 60% to 80% 
5) More than 80% -'-__ 



b) Is cost a criteria for use of Federal Funds? 

Yes No 

1) If the answer to b) was yes, at what cost range do you pursue Federal Funds? 

5. Does your state use the alternate procedures as outlined in FHPM 6-6-3-1? 

Yes No 

6. Are utility relocation costs reimbursable to utilities for relocations required on public 
R.O.W.? 

Yes No 

7. Does your state issue pennits to occupy public R.O.W.? 

Yes No 

8. Does your state grant easements to utilities on public R.O.W.? 

Yes No 

9. Does your state grant franchise rights to utilities on public R.O.W.? 

Yes No 

10. Does your state charge a fee to provide the services described in questions 7, 8 or 9? 

Yes No 

11. Does the state's reimbursement policy differ for various types of utilities (Le. electric 
power, telephone, pipeline, or cable tv)? 

Yes No 

12. Does your state allow utilities to occupy your public R.O.W.? 

Yes No 

13. Does your reimbursement policy vary for different roadway classifications? 

Yes No 

14. Has your state encountered an uncooperative utility (eg. which refused to relocate)? 

Yes No 



15. Is your state required to provide advance notice of projects to utilities? 

Yes No 

16. Does your state allow concurrent relocation construction by utilities during highway 
construction? 

Yes No 

17. Does your state have a state-wide I-Call System for the location of utilities? 

Yes No 

18. Does your state require contractors to use the I-Call System? 

Yes No 

19. Does your state participate in the I-Call System? 

Yes No 

RETURN COMPLETED QUESTIONNAIRE TO: 

Edward R. Post, Ph.D., P.E. 
Professor of Civil Engineering 
University of Nebraska-Lincoln 
W348 NH 
Lincoln, NE 68588·0531 
Telephone No. 402472-5017 
Fax No. 402472-2410 
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I. '. 0 U. S. DEPARTMENT OF TRANSPORTATION 
J ! 

FEDERAL HIGHWAY ADMINISTRATION . . 
~ ; ...... ~~ 
FEDERAL·AID HIGHWAY PROGRAM MANUAL 

VOLUME 6 ENGINEERING AND TRAFFIC OPERATIONS • 

CHAPTER 6 RAILROAOS ANO UTILITIES 

SECTION 3 UTILITIES 

SUBSECTION 
I UTILITY RELOCATIONS. ADJUSTMENTS AND 

REIMBURSEMENT 

Par. 1. Purpose 
2. Authority 
3. Applicability 
4. Definitions 
5. Eligibility 
6. Preliminary Engineering 
7. Right-of-Way 
8. Agreements and Authorizations 
9. Construction 

10. Cost Development and Reimbursement 
11. Alternate Procedure 

Transmittal 426 
November 11, 1988 
HNG-12 

1. PURPOSE. *To prescribe the policies. procedures. 
and reimbursement provisions for the adjustment and 
relocation of utility facilities on Federal-aid or 
direct Federal projects. 

2. AUTHURITY. 23 U.S.C. 101, 109, 111, 116, 123, and 315; 
23 CFR 1.23 and 1.27; 49 CFR 1.48(b); and E~ecutive 
Order 11990, 42 FR 26961 (Hay 24, 1977). 

3. APPLICABILITY 

• 

8. The provisions of this regulation apply to reimbursement 
claimed by a State highway agency (SHA) for costs 
incurred under an approved and properly executed highway 
agency (HA)/utility agreement and for payment of costs 
incurred under all Federal Highway Administration 
(FHWA)/utlllty agreements. 

Italicized material is published in 23 CFR 645A • 



Federal~Ai.d· . Highway Program Manual 
Transmittal 426, November 11, 1988 

Vol. 6, Ch. 6 
Sec. 3, Subsec. 1 

b. Procedures on the accommodation of utilities are set 
forth in Federal-Aid Highway Program Manual (FHPM) 
6-6-3-2, Accommodation of Utilities. 

c. When the lines or . facilities to be relocated or adjusted 
due t~ highway construction are privately owned, locatea 
on the owner's land, devoted exclusively to private use 
and not directly or indirectly serving the public, the 
provisions of the FHWA's right-of-way procedures in FHPM 
Volume 7, Right-of-Way and Environment, apply. When · 
applicable, under the foregoing conditions, the 
provisions of ·this regulation m~y be used as a guide to 
establish a cost-to-cure. 

d. The FHWA' s reimbursement to the SHA will be governed by 
State law (or State regulation) or the provisions of 
this regulation, whichever is more restrictive. When 
State law or regulation di ffers from this regulation, a 
determination shall be made by the SHA subject to the 
concurrence of the FHWA Division Administrator as to 
which standards will govern, and the record documented 
accordingly, for each relocation encountered . . 

e. For direct Federal projects, all references herein to 
the SHA or HA are inapplicable, and it is intended that 
the FHWA be considered in the relative position of the 
SHA or HA. 

4. DEFINITI.IN S. For the purposes of this directive, the 
fO l lowlng definitions shall apply: 

a. Authorization - for Federal-aid projects authorization 
to the 5HA by the FHWA Division Administrator or for 
direct Federal projects authorization to the ut U.:ty by 
the FHWA Division Engineer to proce~d .... ,:it~ .1 111 phase of 
a project. The date of authorization establishes the 
date of eligibility for Federal funds to participate in 
the costs incurred on that phase of work. 

b. Betterment - any upgrading of the facility being 
relocated that is not attributable to the highway 
·construction and is made solely for the benefit of 
6 0 d at the election of the utility. 

c. Cost of Relocation - the entire amount paid by or on 
behalf of the utllity properly Bttribut.~le to the 
relocation after deducting from that amount any 
increase in value of the new facility, and any salvage 
derived from the old fBCility. 
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d. 

e. 

f. 

g. 

h. 

1. 

J . 

Cost of Removal - the amount expended to . remove utility 
property including the cost of demolishing, dismantling, 
removing, transporting, or -otherwise dIsposing of utility 
property and of cleaning up to leave the site in a neat 
and presentable condition. 

Cost of Salvage - the amount expended to restore salvaged 
utility property to usable condition after its removal . 

Direct Federal Pro.tects - highway projects such as 
projects under the Federal Lands Highways Program which 
are under the direct administration of the FHWA. 

Highway Agency (HA) - that department, commission, 
board, or official of any state or political subdivison 
thereof, charged by its law with the responsibility for 
highway administration. 

Indirect or Overhead Costs - those costs which are not 
readily identifiable with one specific task, job, or 
work order. Such costs may include indirect labor, 
social security taxes, insurance, stores expense, and 
general office expenses. Costs of this nature generally 
are distributed or allocated to the applicable job or 
work orders, other accounts and other functions to which 
they relate. Distribution and allocation is made on a 
uniform basis which is reasonable, equitable, and in 
accordance with generally accepted cost accounting 
practices . 

Relocation - the adjustment of utility facilities 
required by the highway project. It includes removing 
and reinstalling the facility, including necessary 
temporary facilities, acquiring necessary right-of-way 
on the new location, moving, rearranging or changing the 
type of existing facilities and taking any necessary 
safety and protective measures . It shall also mean 
constructing a replacement facility that is both 
functionally equivalent to the existing facility and 
necessary for continuous operation of the utility 
service, the project economy, or sequence of highway 
construction . 

Salvage Value - the amount received from the sale of 
utility property that has been removed or the amount 
at which the recovered material is charged to the 
utility's accounts, if retained for reuse. 
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k. 

1. 

m. 

n. 

State Highway Agency - the highway agency of one of the 
50 States, the District of Columbia, or Puerto Rico. 

Use and Occupancy AJreement - the document (written 
agreement or permit by which the HA approves the use 
and occupancy of highway right-of-way by utility 
facilities or private lines. 

utilitf - a privately, publicly, or cooperatively owned 
line, acility or system for producing, transmitting, 
or distributing communications, cable television, 
p(lwr'!r, electricity, light, heat, ·gas, oil, crude pro­
ducts, water, steam, waste, storm water not connected 
with highway drainage, or any other similar commodity, 
including any fire or police Signal system or street 
lighting system, which directly or indirectly serves 
the public. The term utility shall also mean the 
utility company inclusive of any wholly owned or 
controlled subsidiary. 

Work Order System - a procedure for accumulating and 
recording into separate accounts of a utility all costs 
to the utility in connection with any change in its 
system or plant. 

5. ELIGIBILITY 

a. When requested by the SHA, Federal funds may 
partiCipate, subject to the provisions of paragraph Jd 
of this section and at the pro rata share applicable, 
in an amount actually paid by an HA for the costs of 
utility relocations. Federal funds may partiCipate in 
safety corrective measures made under the provisions 
of paragraph 5k of this section. Federal funds may 
also participate for relocations necessitated by the 
actual construction of a highway project and under one 
or more of the following conditions when: 

(1) the SHA certifies that the utility has the right 
of occupancy in its existing location because it 
holds the fee, an easeme.nt, or other real pro­
perty interest, the damaging or taking of which 
is compensable in eminent domain, 

(2) the utility occupies privately or publicly owned 
land, including public road or street right-of-way, 
and the SHA certifies that the payment by the HA is 
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made pursuant to a law authorizing such payment in 
conformance with the provisions of 2J U.S.C. 12J. 
andlor 

(J) the utility occupies publicly owned land. including 
public road and street right-of-way, and is owned by 
a publIc agency or political subdivision of the 
state, and is not required by law or agreement to 
move at its own expense, and the SHA certifies that 
the HA has the legal authority or obligation to make 
such payments. 

b. On proJects which the SHA has the authority to 
participate in project costs, Federal funds may not 
participate in payments made by a political subdivision 
for relocation of utility facilities, other than those 
proposed under the provisions of paragraph 5k of this 
section, when State law prohibits the SHA from making 
payment for relocation of utility facilities. 

c. On projects which the SHA does not have the authority to 
participate in project costs, Federal funds may 
participate in payments made by a political subdivision 
for relocation of utility facilities necessitated by the 
actual construction of a highway project when the SHA 
certifies that such payment is based upon the provisions 
of paragraph 5a of this section and does not violate the 
terms of a use and occupancy agreement, or legal 
contract. between the utility and the HA or for utility 
safety corrective measures under the provisions of 
paragraph 5k of this section. 

d. Federal funds are not eligible to participate in any costs 
for which the utility contributes or repays the HA, except 
for utilities owned by the political subdivision on pro­
Jects which qualify under the provisions of paragraph 5c 
of this section in which case the costs of the utility are 
considered to be costs of the HA. 

e. The FH'IIA may deny Federal fund participation in any 
payments made by a HA for the relocation of utility 
facilities when such payments do not constitute a 
suitable basis for Federal fund participation under 
the provisions of Title 2J. U.S.C. 
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f. The rights of any public agency or political subdivision 
of a state under contract, franchise, or other instru~ 
ment or agreement with the utility, pertaining to the 
utility's use and occupancy of publicly owned land, 
including public road and street right-of-way, shall be 
considered the rights of the SHA in the absence of state 
law to the contrary. 

g. In lieu of the individual certifications required by 
paragraphs 5a and c, the SHA may file a statement with 
the FHWA Division Administrator setting forth the con­
ditions under which the SHA will make payments for the 

o relocation of utility facilities. The FHWA Division 
Administrator may approve Federal fund participation 
in utility relocations proposed by the SHA under the 
conditions of the statement when the FHWA Regional 
Administrator has made an affirfJlative finding that 
such statement and conditions form a suitable basis 
for Federal fund participation under the provisions 
of 2J U.S.C. 123. [OMB Control Number 2125-0515} 

h. Federal funds may not participate in the cost of 
relocations of utility facilities made solely for the 
benefit or convenience of a utility, its contractor, 
or a highway contractor .. 

i. When the advance installation of new utility facilities 
crossing or otherwise occupying the proposed right-of­
way of a planned highway project is underway, or 
scheduled to be underway, prior to the time such 
right-of-way is purchased by or under control of the HA, 
arrangements should be made for such facilities to be 
installed in a manner that will meet the requirements of 
the planned highway project. Federal funds are eligible 
to participate in the additional cost incurred by the 
utility that are attributable to, and in accommodation 
of , . the highway project provided such costs are incurred 
subsequent to authorization of the work by the FHWA 
Division Administrator. Subject to the other provisions 
of this directive, Federal participation may be approved 
under the foregoing circumstances when it is demonstrated 
that the action taken is ~ecessary to protect the public 
interest and the adjustment of the facility is necessary 
by reason of the actual con~tructlon of the highway 
project. 
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j. 

k. 

Federal funds are eligible to participate in the costs 
of preliminary engineering and allied services for 
utilities, the acquisition of replacement right-of-way 
for utilities, and the physical construction work 
associated with utility relocations. Such costs must be 
incurred by or on behalf of a utility after the date the 
work is included in an approved program and after the 
FHWA Division Administrator has authorized the SHA to 
proceed in accordance with FHPM 6-J-2-2, Federal-Aid 
Programs Approval and Project Authorization. 

Federal funds may participate in projects solely for the 
purpose of implementing safety corrective measures to 
reduce the roadside hazards of utility facilities to the 
highway user . Safety corrective measures should be 
developed in accordance with the provisions of 
FHPM 6-6-J-2, paragraph 6k. 

6. PRELIMINARY ENGINEERING 

a. As mutually agreed to by the HA and utility, and subject 
to the provisions of paragraph (6b) of this section, 
preliminary engineering activities associated with 
utility relocation work may be done by: 

(1) · the HA's or uti1ity's engineering forces; 

(2) an engineering consultant selected by the HA, after 
consultation with the utility, the contract to be 
administered by the HA; or, 

(J) an engineering consultant selected by the utility, 
with the approval of the HA, the contract to be 
administered by the utility. 

b. When a utility is not adequately staffed to pursue the 
necessary preliminary engineering and related work for 
the utility relocation, Federal funds may participate in 
the amount paid to engineers, archltects~ and others for 
required engineering and allied services provided such 
amounts are not based on a percentage of the cost of 

. relocation. When Federal participation is requested by 
the SHA in the cost of such services, the utility and 
its consultant shall agree in writing as to the services 
to be provided and the fees and arrangements for the 
services. Federal funds may participate in the cost of 
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such services performed under existing written 
continuing contracts when it is demonstrated that 
such work is performed regularly for the utility 
in its own work and that the costs are reasonable. 
Prior approval by the FHWA Division Administrator 
of consulting services is necessary, .except the 
FHWA Division Administrator may forgo preaward . 
review and/or approval of any proposed consultant 

. contract which is not expected to exceed SlO,OOO . 

c. The procedures in FHPH 1-7-2, A.dministratlon of 
Negotiated Contracts, may be used as a guide for 
reviewin.g proposed consultant contracts . 

7 • RIGHT-OF-WAY 

a. Federal participation may be approved for the cost of 
replacement right-or-way proviaed: 

(1) the utility has the right of occupancy in its 
existIng location because it holds the fee, an 
easement, or another real property interest, the 
damaging or taking of which is compensable in 
eminent domain, or the acquisition is made in the 
interest of project economy or is necessary to 
meet the requirements of the highway proJect, and 

(2) There will be no charge to the project for that 
portion of the utility's existing right-of-way 
being transferred to the HA for highway purposes. 

b. The utility shall determine and make a written 
valuation of the replacement right-of-way that it 
acquires in order to justify amounts paid for such 
right-of-way. This written valuation shall be 
accomplished prior to negotiation for acquisition. 

c . Acquisition of replacement right-of-way by the HA on 
behalf of a utility or acquisition of nonoperating 
real property from a utility shall be in accordance 

' with the Uniform Relocation Assistance and Real 
Property Acquisition Policies Act of 1970 
(42 U.S.C. 4601 et se1.) and applicable right-of-way 
procedures in FHPM Vo ume 7, Right-or-Way and 
Environment . 
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d~ When the utility has the right-of-occupancy in its 
existing location because it holds the fee, an easement, 
or another real property interest, and it is not neces­
sary by reason of the highway construction to adjust or 
replace the facilities located thereon, the taking of 
and damage to the utility's real property, including 
the disposal or removal of such facilities, may be con­
sidered a right-of-way transaction in accordance with 
provisions of the applicable right-of-way procedures in 
FHPM Volume 7, Right-of-Way and Environment.' 

B. AGREEMENTS AND AUTHORIZATIONS 

a: On Fedel'al-aid and direct Federal projects involving 
utility relocations, the utility and the SA shall 
agree in writing on their separate responsibilities 
for financing and accomplishing the relocation work: 
When Federal participation is requested, the agree-
ment shall incorporate this directive by reference 
and designate the method to be used for performing 
the work (by contract or force account) and for 
developing relocation costs.. The method proposed by 
the utility for developing relocation costs must be 
acceptable to both the SA and the FHWA Division 
Administratori The preferred method for the develop­
ment of relocation costs by a utility is on the basis 
of actual direct and related indirect costs accumulated 
in accordance with a work order accounting procedure 
prescribed by the applicable Federal or State regulatory 
body.' 

b.. When applicable, the written agreement shall specify the 
terms and amounts of any contribution or repayments made 
or to be made by the utility to the HA in connection 
with payments by the BA to the utility under the 
provisions of paragraph 5 .. 

c." The agreement shall be supported by plans, 
specifications when required, and itemized cost esti­
mates of the work agreed upon, including appropriate 
credits to the pro;ject, and shall be sufficiently infor­
mative and complete to provide the BA and the FBWA 01vi­
sion Administrator with a clear description of the work 
required .. 
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do" When the relocation involves both ~ork to be done at 
the BA's expense and work to be done at the expense of 
the utility, the written agreement shall state the 
share to be borne by each party; 

eo' In the event there are changes in the scope of work, 
extra work 01' major changes in the planned work covered 
by the approved agreement, plans, and estimates, Federal 
participation shall be limited to costs covered by a 
modification of the agreement, a written change, 01' extra 
work order approved by the BA and the FHWA Dtvision 
Administrator. 

f: When the estimated cost to the SA of proposed utility 
relocation work on a project for a specifie utiLity 
company is $25,000 or less, the FeWA Division Admin­
istrator may approv~ an agreement between the eA and the 
utiLity for a Lump-sum payment without Later confirmation 
by audit of actuaL costs~' Lump-sum agreements in excess 
of $25~OOO may be approved when the FeWA Regional Admin­
istrator finds that this method of deveLoping costs wouLd 
be in the best interest of the pubLic; 

go' Except as otherwise provided by paragraph 8 (h), 
authorization by the FeWA D'lvision Administrator 
tv the SHA to proceed with the physicaL reLocation 
of a utiLity's faciLities may be given after: 

(1) the utiLity reLocation work, or the right-of-way, 
or physicaL construction phase of the highway con­
struction work is included in an approved program, 

(2) the appropriate environmental evaLuation and pubLic 
hearing procedures required by 23 CFR 771, 
EnvironmentaL Impact and Related Procedures, have 
been satisfied, and 

(3) the FeWA Division Administrator has reviewed and 
approved the plans, estimates, and proposed or 
executed agreements for the utility work and is 
furnished a schedule for accomplishing the work. 

h." The FeWA Division Administrator may authorize the physicaL 
relocation of utility facilities before the requirements 
of paragraph 8g(2) are satisfied when the relocation or 
adjustment of utility facilities meets the requirements of 
paragraph 5i." 



Federal-Aid Highway Program Manual 
Transmittal 389, September 6, 1985 

Vol. 6, Ch. 6 
Sec. 3, Subsec. 1 

i. 

j .' 

k. 

Whenever the PHIIA Regional Administrator has authorized 
right-at-way acquisition under the hardship and protec­
tive buying provisions of FBPM Volume 7, Chapter 2, The 
Acquisition Function, the FHIIA Division Administrator 
may authorize the physical relocation of utility 
facilities located in whole or in part on such 

. right-at-way.· 

When atl efforts by the BA ana utility fail to bring 
about written agreement of their separate responsibil­
ities under the provisions of this directive, the SRA 
shatt submit its proposal and a full report of the 
circumstances to the FBIIA." Conditional authorizations 
for the relocation work to proceed may be given by the 
FHWA Division Administrator to the SHA with the unde~­
standing that FederaL funds wiLL not be paid for work 
done by the utility untiL the SHA proposaL has been 
approved by the FHWA Washington Headquarters Office. 

The FHWA Division Administrator wilL consider fo~ 
approvaL any speciaL procedure under State law, or 
appropriate administrative or judiciaL order, or under 
bLanket master agreements with the utiLities, that wiLL 
fulLy accompLish alL of the foregoing objectives and 
acceLerate the advancement of the construction and 
compLetion of proJ'ects; 

9. CONSTRUCTION 

a. The FHPM 6-4-1-14, Contract and Force Account, 
(Justification Required for Force Account Work), states 
that it is cost-effective for certain utility adjust­
ments to be performed by a utiLity with its own forces 
and equipment, provided the utiLity is quaLified to 
perform the work in a satisfactory manner.' This 
cost-effectiveness finding co verB minor work on the 
utiLity's existing faciLities routineLy performed by 
the util.ity with its own forces.' When the utiLity 
is not adequateLy staffed and equipped to perform such 
work with its own forces and equipment at a time con­
venient to and in coordination with the associated 
highway construction, such work may be done by: 

(1) a contract awarded by the BA or utiLity to the 
Lowest quaLified bidder based on appropriate 
soLicitation, 
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(2) inclusion as pa~t of the HA's highway construction 
contract let by the BA as agreed to by the 
utitity, 

(3) an ezisting continuing contract, provided the 
costs are reasonable, or 

(4) a contract for tow-cost incidental work, such as 
tree trimming and the like, awarded by the BA or 
utility without competitive bidding, provided the 
costs are reasonabLe; 

(bJ When it has been determined under FHPM 6-4-1-14 that 
the force account method is not the most cost-effective 
means for accomplishing the utility adjustment, such 
work is to be done under competitive bid contracts as 
described in paragraphs 9tal(l) and (2) or under an 
existing continuing contract provided it can be 
demonstrated this is the most cost-effective method; 

(c) Costs for labor, mater i als , er', i pment, and other 
services furnished by tr.{ y shaLL be billed by the 
utility directly to the EJ-~. .y.9' special provisions of 
contracts let by the utit~t y 01' the BA ~halt be ezpLicit 
in this respect; The costs of force account work per­
formed for the utility under a contract let by the BA 
shall be reported separately from the costs of other 
force account and contract items on the highway project. 

10. COST DEVELOPMENT AND REIM8URSEMENT 
[OMB Control Number 2125-0519J -

a: Developing and Recording Costs 

(1) All utility relocation costs shall be recorded by 
means of work orders in accordance with an 
approved work order system except when another 
method of developing and recording costs, such as 
lump-sum agreement, has been approved by the HA 
and the FHIIA; Except for work done under con­
tra·cts, the individuaL and total costs properLy 
reported and recorded in the utility's accounts in 
accordance with the approved method for developing 
such costs, Or the lump-sum agreement, shall con­
stitute the maximum amount on which Federal 
participation may be based: 
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(2) Each utiLity shalL keep its work order system or 
other approved accounting procedure in such a 
manner as to show the nature of each addition to 
or retirement from a faciity, the total costs 
thereof, and the source or sources of cost~ 
Separate work orders may be issued for additions 
and retirements: Retirements, however, may be in­
cluded with the construction work order provided 
that all items reLating to retirements shaLt be 
kept separately from those reLating to construction: 

b.- Direct Labor Costs 

(1) SaLaries and wages, at actual or average rates, and 
related expenses paid by the utility to individuaLs 
for the time worked on the project are reimbursabLe 
when supported by adequate records; This includes 
labor associated with preliminary engineering, c on­
struction engineering, right-of-way, and force 
account construction." 

(2) Salaries and expenses paid to individuaLs who are 
normaLly part of the overhead organization of the 
utility may be reimbursed for the time worked 
directly on the project when supported by adequate 
records and when the work performed by such indivi­
duals is essential to the project and could not have 
been accompLished as economicatly by employees 
outside the overhead organization: 

(3) Amounts paid to engineers, architects and others for 
services directly related to projects may be 
reimbursed. 

c. Labor Surcharges 

(1) Labor surcharges include worker compensation 
insurance, public liability and property damage 
insurance, and such fringe benefits as the utility 
has estabLished for the benefit of its employees. 
The cost of Labor surcharges will be l'"eoimbul'"sed at 
actuaL costs to the utility, or, at the option of 
the utility, average rates which are l'"epresentative 
of actual costs may be used in lieu of actual costs 
if appl'"oved by the SHA and the FHWA Division 
Administrator. Tkese average rates should be 
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adjusted at least once annually to take into account 
known anticipated changes and correction for any 
over or under applied costs for the preceding 
period; 

(2) When the utility is a self-insurer, there may be 
reimbursement at experience rates pr operly developed 
from actual costs; The rates cann o t exceed the 
rates of a regular insurance company for the class 
of employment covered .. 

do' Overhead and Indirect Construction Costs 

(1) Overhead and indirect construction costs not c~arged 
directly to work order or construction accounts may 
be allocated to the relocation provided the alloca­
tion is made on an equitable basis.. All costs 
included in the allocation shall be eligible for 
Federal reimbursement, reasonable, and actually 
incurred by the utility .. 

(2) Costs not eligible for Federal reimbursement 
include, but are not limited to, the costs 
associated with advertising, sales promotion, 
interest on borrowings, the issuance of stock, 
bad debts, uncollectible accounts receivable, 
contributions, donations, entertainment, fines, 
penalties, lobbying, and research programs; 

(J ) The records supporting the entries for overhead and 
indirect construction costs shall show the total 
amount, rate, and allocation basis for each addi­
tive, and are subject to audit by representatives of 
the S ,. ~ and Federal Government .. 

e.. Materials and Supply Costs 

(1) Materials and supplies, if av~ ilable, are to be 
furnished from company stock except that they 
may be obtained from other Bources near the project 
site when available at a lower cost.. When not 
availab?~ from company stock, they may be purchased 
either u~der competitive bids or existing continuing 
contracts under w~ich the lowest available prices 
are developed. Minor quantities of materials and 
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supplies and proprietary products routinely used 
in the utility's operation and es"sential for the 
maintenance of system compatibility may be 
excluded from these requirements: The utility 
shall not be required to change its existing 
standards for materials used in permanent changes 
to its facilities.' Costs shall be determined as 
fa Ho",.: 

(a) Materials and supplies furnished from company 
stock shall be billed at the current stock 
prices for such new or used materials at time 
of issue. 

(b) Materials and supplies not furnished from 
company stock shall be billed at actual 
costs to the utility delivered to the 
project site. 

(c) A reasonable cost for plant inspection and 
testing may be included in the costs of 
materials and supplies when such expense has 
been incurred. The computation of actual 
costs of· materials and supplies shall include 
the deduction of all Offered discounts, 
rebates, and allowances: 

(d) The cost of rehabilitating rather than 
replacing existing utility facilities 
to meet the requirements of a project 
is reimbursable, provided this cost 
does not exceed replacement costs: 

(2) Materials recovered from temporary use and 
accepted for reuse by the utility shall be 
credited to the project at prices charged 
to the job, less a consideration for loss 
in service life at 10 percent: Materials 
recovered from the permanent facility of 
the utility that are accepted by the utility 
for return to stock shall be credited to the 
project at the current stock prices of such 
used materials: Materials recovered and not 
accepted for reuse by the utility, if deter­
mined to have a net sale value, shall be sold 
to the highest bidder by the HA or utility 
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folLowing an opportunity for HA inspection and 
appropriate solicitation for bids." If the 
utility practices a system of periodic disposal 
by sale. credit to the project shall be at the 
going prices supported by recol'ds of the utility: 

(3) Federal participation may be approved for the 
total cost of removal when either such removal 
is required by the highway construction or the 
existing facilities cannot be abandoned in 
pLace for aesthetic 01' safety reasons: When 
the utility facilities can be abandoned in place 
but the utility or ftighway constructor elects to 
remove and recover the materials, Federal funds 
shalZ not particip'ate in removal costs which 
exceed the value of the materials recovered.' 

(4) The actual and direct costs of handling and 
loading materials and supplies at company stores 
or materials yards, and of unloading and handling 
recovered materials accepted by the utility at 
its stores or material yards are reimbursabl.e." 
In lieu of actual costs, average rates which are 
representative of actual costs may be used if 
approved by the SHA and the FHWA Division Admin- ( 
istrator. These average rates shoul.d be adjusted 
at least once annuall.y to take into account known 
anticipated changes and cdrrection for any over 
or under applied costs for the preceding period: 
At the option of the utility, 5 percent of the 
amounts billed for the materiaLs and suppLies 
issued from company stores and materiaL yards 
01" the vaLue of recovered materials wiLL be 
reimbursed in lieu of actual or average costs for 
handling. 

Equipment Costs.' The average or actual costs of 
operation, minor maintenance, and depreciation of 
util.ity-owned equipment may be reimbursed.. Reimburse­
ment for util.ity-owned vehicLes may be made at average 
or actuaL costs; When utility-owned equipment is not 
availabLe, reimbursement will be limited to the amount 
of rental paid (1) to the lowest qualified bidder, (2) 
under existing continuing COntracts at reasonable costs, 
or (3) as an exception by negotiation when (1) and (2) 
are impractical due to project location or 8ch~dule .. 
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g. Transportation Costs 

(1) The utility's cost, consistent ~ith its overall 
policy, of necessary employee transportation and 
subsistence directly attributable to the project is 
reimbursable. 

(2) Reasonable cost for the movement of materials, 
supplies, and equipment to the project and necessary 
return to storage including the associated cost of 
loading and unLoading equipment is reimbursabl.e." 

ho' Credits 

(1) Credit to the high~ay project will be required for 
the cost of any betterments to the facility being 
replaced or adjusted, and for th, salvage value of 
the materials removed. 

(2 ) Credit to the highway project will be required 
for the accrued depreciation of a utiLity faciLity 
being repLaced, such as a buiLding~ pumping station, 
fiLtration pLant, po~er pLant, substation, or any 
other simiLar operationaL unit.. Such accrued 
depreciation is that amount based on the ratio 
between the period of actuaL Length of serv ice and 
totaL Life expectancy appLied to the originaL cost. 
Credit for accrued depreciation shaLL not be 
required for a segment of the utiLity's service, 
distribution, or transmission Lines.' 

(3) No betterment credit is required for additions or 
improvements which are: 

(a) required by the highway project, 

(b) repLacement devices or materiaLs that are of 
equivaLent standards aLthough not identicaL. 

(c) repLacement of devices Or materiaLs no Longer 
reguLarLy manufactured with next highest grade 
or size. 

(d) required by law under governmental and 
appropriate regulatory commission code~ or 
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(e) required by current design ·practices 
regularLy foLLo~ed by the company in its 
own work. and there is a direct benefit 
to the highway project. 

(4) When the facilities, including equipment and 
operating faciLities, described in paragraph 
lO(h)(ZJ are not being replaced, but are being 
rehabilitated and/or moved, as necessitated by 
the highway project, no credit for accrued 
dep:oeciation is needed." 

(5) In no event wiLt the total of atl credits required 
under the provisions of this directive exceed the 
total costs of adjustment exclusive of the cost of 
additions or improvements necessitated by the 
highway construction. 

i.. Billings 

(1) After the ezecuted HAlutiLity agreement has been 
approved by the FHWA Dtvision Administrator, tile 
utiLity may be reimbursed through the SHA by 
progress biLLings for costs incurred. Cost for 
materiaLs stockpiLed at the project site 01' spe­
cificaLLy purchased and deLivered to the utiLity 
for use on the project may also be reimbursed on 
progress bilLings foLLowing approval of the 
ezecuted HAlutility agreement. 

(2) The utiLity shalt provide one finaL and comptete 
bilLing of all costs incurred J 01' of the agreed-t o 
Lump-sum, at the earliest practicable date. The 
finaL billing to the FHwA shall include a certifi­
cation by the SHA that the work is complete J 

acceptable J and in accordance with the terms of 
the agreement. 

(3) Atl utility cost records and accounts relat i ng to 
the project are subject to audit by representa­
tives of the State and Federal Government for a 
period of J years from the date final payment has 
been received by the utility. 

(4) Reimbursement "for a final utiLity billing shall 
not be approved until the BA furnishes evidence 
that it has paid the utility from its own funds." 
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a. This alternate procedure is provided to simpLify the 
processing of utility relocations or adjustments under 
the provisions of this directive; Under this procedure, 
except as otherwise provided in paragraph 11(b), the SHA 
is to act in the reLative position of the FHWA Division 
Administrator for reviewing and approving the arrange­
ments, fees, estimates, plans, agreements, and other 
related matters required by this directive as prerequi­
sites for authorizing the utiLity to proceed ~ith and 
complete the work.' 

b: The scope of the SHA's ap~rovaL authority under the 
aLternate procedure includes alL actions necessary to 
advance and complete alL types of utiLity ~ork under the 
provisions of this directive except in the following 
instances: 

(1) Utility relocations and adjustments involving 
major transfer, production, and storage facil­
ities such as generating plants, power feed 
stations, pumping stations and reservoirs . 

(2) Utility relocations falling within the scope of 
paragraphs 8(hJ, (i), and (j) and 5(i).' 

co' Each SHA is encouraged to adopt the alternate procedure 
and file a formal appLication for approvaL by the FHWA 
Regional Administrator. The application must include 
the following: 

(1) The SHA's written policies and procedures for 
administering and processing Federal-aid utiLity 
adjustments. Those poLicies and procedures must 
make adequate provisions with respect to the 
folLowing; 

(a) Compliance with the requirements of this 
directive, except as otherwise provided by 
paragraph llb and the provisions of FHPM 
6-6-3-2, Accommodation of Utilities. 
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(b) Advance utility liaison, planning, and 
coordination measures f or providing adequate 
lead time and early scheduling of utility 
relocation to minimize interference with the 
planned highway construction.·-

(c) Appropriate administrative, legal, and 
engineering review and coordination pro­
cedures as needed to establish the legal 
basis of the HA's payment; the ertent of 
eligibility of the work under State and 
Federal laws and regutations; the more 
restrictive payment standards under para­
graph 3(d); the necessity of the proposed 
utility work and its compatibility with pro­
posed highway improvements; and the uniform 
treatment of all utility matters and actions , 
consistent with sound management practices. 

(d) Documentati o n of actions taken in compliance 
with the SHA policies and the provisions of 
this directive, shall be retained by the SHA. 

(2) A statement signed by the chief administrative 
officer of the SHA certifying that: 

(a ) Federal-aid utility relocations witt be 
processed in accordance with the applicable 
provisions of this directive, and the SHA ' s 
utility policies and procedures submitted 
under paragraph 11 ( c)(1). 

(b) Reimbursement will be requested only for 
those costs properly attributable to the pr o ­
posed highway construction and eligible for 
participation under the provisions of this 
directive." 

d. The SHA's application and any changes to it wil l be 
submitted to the FHWA for review and approval by_ the 
FHWA Regional Administrator. 

e; After the atternate p~ocedure has been approved, the 
FHWA Division Administrator may authorize the SHA to 
proceed with utility relocation on a project in 
accordance with the certification, subject to the 
following conditions: 



Federal-Aid Highway Program Manual 
Transmittal 389, September 6, 1985 

Vol. 6. Ch. 6 
Sec. 3, Subsec. 1 

(1) The utility wo~k must be included in an approved 
program; 

(2) The SHA must submit a request in writing for such 
authorization: The request shatt include a list 
of the utility relocations to be processed under 
the alternate procedure, along with the best 
available estimate of the total. costs involved.' 

f.' The FBIIA RE"gi ·onal Administrator may suspend approval of 
the alternate procedure when any FHWA review discloses 
noncompliance with the ce.rtification.' Federal funds 
wilt not participate in relocation costs incurred that 
do not comply with the requirements under 
pa~ag~aph 11(0)11). [OMB Coni~ot Numbe~ 212S-0S33J 




