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APPENDIX E EXAMPLES OF PROGRAM USE 

E.l An example run of PRANK 

This section includes a copy of the prepared data and the 
output report. The input fonns for this run may be found 
in Section 3.as figures 3.4, 3.5, 3.6, 3.7, 3.8 and 3.9. 

Prepared Input Data 
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UTILITY POLE RhfII:III8; FROGERM 

REFORT 2OF:TEU H'r' bIl.IIIE~EF ilr fiCCII,FlIlS T 
FULL F:EFORT ' F 
UNSOF:TE[, PEP0F:T 1 
FULL REPORT T 
IIKLUC'E RECORDED RCCIDEriTS F 

. 

24-NOV-E0 

, >.I 

. .  
. .. 



USER WRNUHL FOE A FOLE HCCIDEtIT REMEOIhL FFOGRRM 

UTILITY P@LE EXPECTED RCCIDENT FESULTS 

c PRGE 1. 

24-MV-BB 

WlrI LOCRTIUII: FO).: REF0F:T 3a1 FHGES EHST OF PHGE 1. C:hSE STUDY IIUPIEEF 1. 1IUW6EF. 10 
C@t4STCUCTIOti: RIGID 6H5E STEEL USRGE: LIGHTItJG EXFECTEIl R'ICII'EtITS Fm B. 53768 
TUTHL RELHTIVE RISK 14?. 24 DEGF:EE OF SHIELDItlG 
SITE VRRIRELE VRLLIE EELHTIVE RISK 

10 SThIdLIRF:b DEVIHTIOtI - @. 38 

--_____- ---- ____ ________ __-__ 
RF50LUTE WH>~:IHUll CLIRVHTLIEC 
RRDT 
SKI0 TEST 
LATEPHL OFFSET 
W I D T H  
DISTHIICE FRClM CURVE STF4F:T 
POLE Oli INSIDE OF CLIR'JE 
FH'JEHEIIT DEFIC.IElICIE5 
SUPERELRVHTICIII 

3. 11 
I. 54 
1. 50 
1. 3E: 
1.32 - 

WNI LOCHTIUf4: FClX REFORT 3H5 PAGES EHST OF FRGE 1 CRZE STUDY IIIJMHEF: 2. tILlW8EE io. 
COt45TF-UCTIOII~ RIGID RHjE TIWEER USRGE: ELECTEICRL C.OtI[?UCTOF: EXPECTED RCC:I[IEtITS P,'R B. @OS23 
TUTRL PELHTIL'E RISK 2. le [,ELPEE DF SHIELDItlG B 5TRt.IDRCD [!EVIHTICItl = 0 00 
SITE VRRIhBLE VhLLIE EELHTIVE RISK __--_ -___ ___ - __ __ -___ _____-__ 
RBSOLUTE MHXIMUM CLIRVRTUF:E 
fiRrIT 

0. 60 
1. e4 
0 i0 
I. 2x 
1. c,c> 

WJMI L0i:RTIOti: FO!i REPOET 385 PHGEE: ERST OF FRGEI RECiVE FOLE HI. W J M I  1ILIWE:EF: . 711 

C0NSTF:UCTIDN' RIGID BRCE TIblHEE. IUShGE: ELECTEICnL CUrIDIJrTOT E:IFECTEC> RCCI[~EIITE F.+ 0. 00045 
0 :.THI4['hF:[, [~E'.~IRTIC~II - CI 00 TOTRL T?ELRTIS!E RISK ii' DEGKEE OF SHIELDItIG 

SITE YhiXIhBLE VRLLIE F:ELHTI\'E KISE: 

HHnT 1?5C<0. e. 6E: 
SKIP TEST 64 B. 65 
LHTERHL ClFFSET 0 75 1 42 
LII[!TH 7. 4 C 63 
THRC'VGH F:OMII.IR',' DI\'I[IE[! ','E5 Cl. :,E' 

1 $3:. GRHPE 301.1 UPSTEERrl OF ItITEKECTIUtI L C.LI 

IttTEF:i,EiTIDtI TYFE T E E  c, 7e 
RRPIRL PISTRlr'iE FROlI ItlTEF EEiTIilrl 1; 1 CIJ 

-- ____-_ ---- ___ _  __-_____ __--_ 

-> .- 

W 
? 
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PAGE e 
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TOTHL RELHTIVE F:ICk' 5. 01 
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RAOT 
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LRTERRL C'FFSET 
THROUGH R U A I ~ W H Y  DIVICIED 
GRRLIE 30M UFSTFEHM CIF 1IiTEHSEC:TIOtl 
If4TERSECTIC4i TYPE 
RRbT INTERSECTIfiG F:ORDLIfir' 
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LlTOPIH CITY. NLIP1E:EF 40. 
USRCE. LIGHTING 6. COtIDUCTUR EXPECTED fiCCIPENT5 F/R 

DEGEEE OF SHIELDING 0 STRt.IDHP@ DEL'IHTIOt4 P 
VRLLIE RELRTIVE R1Z.l: _ _ _ _ _  _____ - - - __ - - 

0. 01893 
R. 02 

MINI LOCRTIOt4: 5IlITH ST ZbM UEST GF 8KCIl~lPI ST SLIBLIRBIH. tIUP1BEF: 50. 
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SITE VRHIRRLE VRLUE RELATI'YE RICI: _____ - _____- - - - - - ____ _ _ _ _ _ _ _ _  
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GHROE 3011 LIPFTREHM CIF FilLE 

0. 0000 
UtiSP 
50 

0. 75 
6. B 
I. eo 

0. 60 
I. 00 
2. 94 
1. 4G 
0 33 
1. G3 

.. 
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UTILITY FOLK FISK5 SURTEP BY E W E C T E D  RCCIDEtITS 

PAGE 3 
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W4I LOCHTIUN FOX REFORT 3B1 FACES EhST OF PfiGE I. C:HSE STUDY IWMEEF 1. twri6EE l(r 
COIISTEUCTIUN: RICIC, BRSE STEEL u5nGE LICHTIIIG EXFELTEL! HCCI[*EIIT:: Fr'H 0. 537cE: 
TOTRL RELRTIVE RISK 142. 24 DELF.EE CIF SHIELDIIIG l b  STRIII,HR[~ DC'.;IhTICirl c @ 22 

RCCEPTED FECOEGS = S 
ERROR RECUEtr5 = @ 
TOTAL RECORD?, .i 5 

W 
N 
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E.2 An example nm of POLFIX 

This section includes a sample batch of input forms, a copy of 
the prepared data and the output report. 
input forms results in a large amount of paper being used. 
the user is familiar with the package he may elect to code directly 
unto coding forms. 

Note that usage of the 
When 

Prepared Input Data 



: POL-I 

rll'D!PJJ -94- 
1 

HEADING mR WIRn 0 

. I  

REIATIVE RISK BY pOLE UE03RIES 

r n  0 .  

SITE NLRiBER 
IIEI 
6 10 12 .18 

. SITE KSCRImIDN 

 POL-^ 

, 



fl 
. 60 

[7I1 
57 

0 
4 so 51 56 

0 
56 

m 
57 

0' 
60 



SUPER- PAVFMFNT 

U 
60 

CUI 
57 

0 
56 

JIEEII U ~~ 

45 so 51 

mlz 
LIFE 

a 
‘6 



1 

T W 3 m  EFFEC? l€M 

Chly fill in fields that have d u n g e d  
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E.3 A further example of WLFIX 

This settion shows the preferred input data for a treatment 
site, the site plan and the POLFIX output. 
note are: 

o 

Some points to 

Poles on both sides of the road have been included 
because one of the possible treatments is road re- 
surfacing. 

Pole number five has been included so that the full benefits 
or road resurfacing will be shown - i.e. the reduction in 
the accident risk of the fence is included in the benefits. 

When the poles on the outside of the curve are removed, 
poles 3 and 4 are changed to 'Fence Equivalent' 
of being totally removed. 
that cars that would have hit poles 3 and 4, will now 
hit the fence. 

o 

o 
instead 

This is done on the assumption 
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IIITEFEET FliTE 
E'JHLLIATE RLTCl?tlflTl:,'EC. €',' 
ck:l[i TKTEI:' 
FF:INT FOLE GE2C.kIFTICttl5 
FEIIIT TCTEfiTPIEIIT EFFECT [,ETHILS 
PEIlIT STfit.IPHF:D DEVIATJOIIS 

@ 0037F 
4 36 
0 33 
7. '7 



SITE: HhIFY C:OFtIEF' CUI @F.hG C.TFCET - C.EE FLhtl U'+7 
SITE fiLIIlEEP~ 9 SITE BLIDLET r G. 

POLE FOLE Ilh~:IPKlll RhIIT St.111 LATEFilL FOR[, L.151RfiCE FROPI IflSI@E,' FAVEtIEI~IT 5.LIFEC.- TOTHL 
NO. TYFE CUKIRTUPE TEET OF1-S.El 1IlI~lH CUF\JE 5TAk.T OlJTSIDE PEFICICIICIES ELR',.TATIOII F:P 

PLlLE FOLE fIH:~IMLlIl hf$[,T SV:IIL LhTEF:ilL F:OFI[, C,ISTHIICF FFillll ItISII~E:' FH'..:EIIEIiT SUFEF- TOTHI 
110 1'7'PE CUFVfilUFE TEST CIFFGET III[,TH CLIF.'..>E E:TRI:l IjlJTSIDE DEFICIEfICIEC ELh'~.?RTIOfi RR 

2 MflI 0. 02n 37008. 4 0 0. 25 12. 0 60 OLlT NCIfIE en[? 
KK' 4 36. 7 40 1. 33 1. 89 I. 37 1. 35 1 4 s  I 15 6. ?? 1.20 2 m  05. 

C0IISTF:IJCTIOII. F:IGIL, BHSE TIPIREF LG.\iLE- ELEC.TCIC.HL CCnWUClOF; EXPECTEP RCCIPENTS T'.'R' 1 C".'?0751 
ACCIPEfiT COST FOR THIS FULE TYPE = S 15529 CClST OF EXPECTED RCCI@EflTS - S 16222. STRIWAPP DEVIHTIC~f4 I 0. 53 

++ ++ ++ ++ ++ ++ ++ 

POLE PC~LE riwxviLvi RRPT 5hlD LHTERRL RClHL, OlSlfitiCE FRCIrI IfISIDE,' PR'VEMCfiT 5UFER- TOTAL 
NU. ' TYFE CUF:YRTUFE TE5T OFFSET I.IIU.TH C:UFVE 5THF:T OiJTSIM DEFICIEfICIES ELH'~!HTICVI RE: 

3 ritn B. 820 370130 40 0. 25 l? CI 50 OUT CC!F.F: 
RI? 4.26 7. 40 1. 31 1 E.? 1 37 1. 15 1 ?< 1. 15 2. 00 

+* +I &+ ++ ++ 

+I ++ ++ ++ ++ ** +* 
CC8llbTFLlCTIOtI: F:IGID Eh5E TIIIEER. IWSRGE. ELECTF:Ii.RL CC~tltNCTOF: EXPEC.TE[> liiCIPEtITS F:H 1 64flPhF.T 
hCCIDEr.lT C0S.T FCIR THIZ. FljLE TYFE = f 157.B9. CC8Z.T ClF EXFECTEP HCCIC,EfITS = S 25721. STR1IL~fiF:D [?E~.'IHTIOtI - I. ii 
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UTILITY FClLE SITE TF:ERTMFt.IT FF:OGirnIl 

TF'EfiTMEtiT RLTEF:tIFITI:'E tiVHE:CF 1 ............................... 
TRERTPIEtIT PART t4LlViEEY I RESL1RFRC.E GFRG STREET RT HRIR', CORtIER 

POLE 1 CKIG TE5.T RESULT 
POLt 2 SKI[> TEfT FEEULT 
POLL 3 SKIC, TEST FLSULT 
VOLE 4 SI:IU TEST FCZL1LT 

0. 73 
C!. 73 
@ 73 
D. 73 
8. 73 
e. ;z 
0. 73 

EFFECTS OF RLTEP~.IRTI'!E tiuiir:w 1 

FRRTS IIKLLIDED: 
1 

IiEtl EXFECTEP tiUt1EER OF FICCIrIENTE. FGF SITE 2. $6215 CHRt4GE .I -5. 83.533 
TOTRL CRFITRL COST s 7E75. TCITHL EEtIEFITS S E9E:010 
IlET PRESEtIT VHLUE e 258135. EEtIEFIT/CDI--.T FRTIO 37. 84 STRtlDRF:U DE'VIATIilti 27. 26 

PClLE 3 LfiTCEHL OFF':ET 8CHliflGEC, TO 4. 50 tlELt F:ELIiTIX RICK 0 4: 
FOLE 3 COtIZ.TFUCTIilll CHFI~II;E[! TO FEt1i.E EI;~LII?'~LEtIT tIEl.1 hi:CIC?EtIT CGC.T = t 6 3 X  



. 

FClLE 1 LHTEkRL CIFFZ.ET cHAtit;u TI:~ 3 (10 i w i  FELATIYE FISI: G. 47 
POLE 2 LRTEFRL OFFC:ET CHHfli,E[, T O  3 (10 IIEl! FCLRTI\'E PEP. 0. 47 

IiELI E>:FECTED tl1~lME:Ch UF RiCI['ErIl S F:'i FOF: SITE 1. 1?'34 CHRIIGE = -1 45>1 
SEF'VICE LIFE 15 ','Ee&::. CNFJTHL CO5T 3 irriio. LIS~:C8I.IIITE[~ ECICFIT;. 9 '?4Z?4. 
flET FEESEIIT VRLUC I P2394. EEflEFIT..'COST FHTIO = 4 7  :n ?THII[.RF,D C~E:?I~TIC~tI I 

* * TF.ERTI.ICIIT RCllEFTED '4: 

E.? n1 



RESLILTT. FGF: <.IT€ 9 

3 
1 
2 
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APPENDIX F ACCIDENT COSTING 

Accident costs used in the FQLFIX program are based on work done by 
FOX et al. (1) 

Several methods have been proposed for determining the cost of accidents. 
After a short s m r y  of the most c o m n  approaches the costs used in 
POLFIX will be discussed. 

There are two c o m n  approaches io' assigning accident costs: 
a) Ex-poste, and 
b) Ex-ante 

The ex-poste method is one which reviews the cost elements after the 
event. 
to pay for a given reduction in the probability of an accident. 
uses the ex-poste method. 

Accident costs may be classified into two major groups: 

The ex-ante approach attempts to assess what society is willing 
POLFIX 

a) direct costs, and 
b) indirect costs. 

Indirect costs include the value of pain and suffering and losses in 
production by others as a result of the accident. 

Direct costs may be further classified as: 
a) Use of current resources, and 
b) Loss of future production. 

(lurrent resources consumed as a result of an accident include property 
damage repairs, medical and hospital treatment, legal charges, insurance 
and police costs. Loss of future production occurs in the case of death 
or permanent disability. 
of future consumption. 

This may be modified by subtracting an estimate 

Accident Costing hkthods Adopted 

The approaches adopted in the majority of accident cost studies fall 
into three main groups. 
CRC: Current resource costs only, 
TUC: Total accident costs, including loss of future production 

TC: 
net of consumption, 
Total accident costs, including loss of future production. 

(1) FOX, J.C, GOOD, M.C., and JOLIBERT, P.N. (19791 
"CoZZisias with Utility PoZes", Australian Department bf Trrmsport, 
Report CRI. 
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The total accident cost (TC) approaa was adopted for POLFIX. 
components included in the total accident cost are: 

Cost 

o Loss of future production, 
o Loss of services to home, family and c o m i t y ,  
o Medical, 

o Insurance administration, 
o Accident investigation, 
o Losses to others, 

o Traffic delay, 
o Pole and utility damage. 

' o Legal and court, 

. I  

o Vehicle damage, , .  

The cost of pain and suffering is not included, which makes the estimate 
of accident costs conservative. 

Fox et a1 estimated accident costs for different injury levels. 
utility pole construction and accident severity are correlated, accident 
costs q n  be estimated for different types of pole. 

Accident costs are continually changing with inflation. FQLFIX attempts 
to solve this problem by applying the Consumer Price Index to accident 
cost figures. 
dollars. 
year. 
m u m  is included. This is a conservative estimate. A list of the costs 
adopted for different pole types may be found in Appendix C. 

Since 

The initial estimates of cost were in 1977 Australian 
POLFIX automatically indexes accident costs to the current 

In order to do this an estimated future inflation rate of 8% per 
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APPENDIX G TREAT?4ENT CDSTING 

The cost of implementing remedial treatments will vary according to 
the SITE being treated. 
costs. 
treatment code. 

POLFIX has a list of standard treatments and 
Treatments in the list may be selected by using a numeric 

Details of the standard treatments are listed in 
Appendix c.3. 

If standard treatments do not apply,.the user must supply costing 
information for the treatment, sucbas: 

a) 
b) 
c) 
d) 

Capital cost per unit of treatment, 
Service life of the treatment, 
Number of units inclded in this treabnent, and 
The annual maintenance cost (if any). 

After gaining experience in using the package, the user may wish to 
update the list of standard treatments in the POLFIX program. The 
POIAXE Phgrannner's Guide should be consulted before attempting to 
change the standard treatments. 
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APPENDIX H DETAILS OF COST BENEFIT ANALYSIS 

Cost benefit analysis is used by the POLFIX program to discriminate 
between alternative remedial treatments. Discounted present value 
techniques are used to achieve thh goal. 
is that a given sum of money is worth more now than at some future 
year. 
in future years. To calculate the present value of a future year 
payment, the payment is multiplied by a present horth (p w ) factor. 
The formula for determining this factor is 

The basis of this technique 

This is because the money may be invested now and yield returns 

P W  - - 1/(1 + r)" 

Where n is the future year 
? 

r is the investment interest rate 

To obtain the present worth of a steady flow of money, i.e. yearly 
payments each payment should be multiplied by the present worth factor 
for that year and the results sumned. 

POLFIX has adopted the following definitions of costs and benefits: 

COSTS - The capital outlay required for the construction of 

BENEFITS - are defined to be the savings accruing frm the reduction 

the improvement. 

in number and/or severity of accidents attributable 
to the treatment 

minus 

Annual maintenance costs of the improvement. 

One problem in economic analysis of remedial treatments is that 
alternative treatments may have different service lives. The approach 
POLFIX adopts is to evaluate all treatments over a period of five 
years. A five-year period was chosen as the forseeable future. 
clmice of a relatively small figure ensures that POLFIX is conservative 
in its predictions. 

The 

1. 
calculated for the specified interest rate. 

2. 

The present value of 5 yearly payments of one dollar is 

The yearly flow of accident cost saving is calculated as the previous 
cost of site accidents minus the current cost of site accidents. 

The yearly flow of accident cost savings are multiplied by the 
discount factors to give the present worth of 5 years accident 
savings. 

3. 
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4. The annual flow of maintenance cost is also multiplied by 
the discount factors. 

The total present value of benefits is calculated as the present 
value of accident savings minus the present value of maintenance 
costs. 

Since the capital cost is outlaid imediately, no discounting 
is needed. 

The Net Present Value of ;:treatment is the present value of 
benefits minus the capital cost. 

The Benefit Cost Ratio is the present value of benefits divided 
by the capital cost. 

5. 

6. 

7. 

8. 
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APPrnIX I RISK ANALYSIS 

1.1 Estimation of Confidence Limits for Risk Factors 

This section shows the method of calculating confidence limits 
for the relative risk factors. A worked example is also pres- 
ented. For simplicity the MNI model will be considered in the 
following although the results are general. 
are of interest in calculating I expected accident rates. 

Three equations 

i.e. - the risk factor for a pole equals the product of the 
individual relative risk components. 

This calculation of risk factor assumes that the variables 
have independent effects on the probability of a pole accident. 

i.e. - the total relative risk for a pole in the MNI group 
is the product of the risk factor 
the relative risk of that group compared to other data groups. 

within the data group and 

y = TRR * CT 

i.e. - the expected number of accidents per m m  equals the 
total relative risk by the mean probability 6 that a pole record 
trial will result in an accident by the number of trials T in a 
year. 

Confidence limits of 68% are available for the individual relative 
risk factors. Confidence m t s  are not available for the relative 

These are assumed to be exactly known. 

To calculate the standard deviation of the total relative risk only 
the individual standard deviations of the relative risks of poles 
within a group (e.g. MU), will be considered. 
that the component relative risk values are independent and not 
related. In addition, a normal distribution of error will be 
assumed. The assumptions in s m r y  are therefore, that: 
- errors of relative risk for poles within a group are normally 

distributed and independent. 
- and are known exactly. 

Using these assumptions the following formula can be derived: 

risk of a data group (RRm +; or ’ the pole trial probability (6). 

It will be assumed 

(1) For a full treatment of relative risk caZculatims see 
FOX, J.C.. GOOD, M.C.,-and JOUBERT, P.N. (19791 “CoZZisions 
with UtiLity Poles”, AustraZh Department of %ansport 
Report No. CRI. Chapter 4. 



-119- 

2 where E(x2) = V(x) + p x 

1.2 Example Confidence Limit Calculation 

Standard Deviation Variance I 

of RR of RR . I  

Variable RR RR2 

4.36 
3.11 
1.24 
1.50 
1.38 
1.32 
1.12 
2.00 
1.20 
1.15 

19.0096 
9.672 
I. 536 
2.25 
1.904 
1.742 
1.254 
4.0 
1.44 
1.323 

exact 
0.57 
0.15 
0.16 
0.09 
0.11 
0.59 
.6 

exact 
exact 

0 
.33 
.023 
0.032 
0.008 
0.012 
0.349 
.36 
0 
0 

TRR = product of RR's = 142.02 
.536 - y = TRR *f,T - 

From the above fonnula 

Var(TRR) = (19.0096)(9.672 + .33)(1.536 + .023)(2.25 + .032) 
(1.904 + 0.008)(1.742 + 0.012)(1.254 + .349) 
(4.0 + .36) (1.44)(1.323) 

(19.0096) (9.672) (1.538) (2.25) (1.904) 
(1.742) (1.254) (4.0) (1.44) (1.323) 

= (19.0096)(10.002) (1.561)(2.262) 
(1.912) (1.754) (1.603) (4.36)(1.44) (1.323) 

- 20166.15 
= 30243.924 - 20166.15 
= 10077.77 

Standard deviation = 100.39 

Therefore the total relative risk is 142.02 with a standard deviation 
of 100.36. The 68% confidence limits on this value of TRR are 41.64 
to 242.QO. The expected number of accidents per annum is .536 with a 
standard deviation of 0.379. The standard deviation of the expected 
number of accidents per annum may optionally be included on PRANK and 
POLFIX reports. 
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1.3 Estimation of Confidence Limits for Benefit-Cost Ratios 

P 

For a site with n = 1,2,3 ... poles the benefit-cost ratio 
is calculated for the i 5 n poles being treated. 
(n-i) poles maintain their untreated accident expectancies and costs, 
assuming the accident risk of a pole is independent of the pole's 
proximity to other poles. 

The benefit cost(BC) ratio 1s expressed as 

The remaining 

(alcl - a2c7-M) pwf 
t BC = 

where a1 = number of accidents for untreated pole 
c1 = cost of accidents for untreated pole 
a2 = number of accidents for treated pole 
c2 = cost of accidents for treated pole 
t = treatment cost 

pwf = present worth factor (see Appendix G) 
M = Annual maintenance cost 

Accident costs c1 and c2 vary depending on the pole's construction 
and hence its accident severity. 

Simplifying: 
BC = (alcl - a2c2-m)K = (a c -a c )K - mK 

where K = pwf 

and mK is regarded as a constant for the purpose of 
calculating the variance. 

1 1  2 2  

t 

The variance of the variable (alcl- a2c2) can be simply calculated 
if it is assumed that alcl and a2c2 are independent. Furthemre, 
since variances are known for a and a2 it is assumed that c 1 1 

2' can be regarded as constants for each al and a 

Therefore from standard formulae: 

and c2 

Var(BC) = (c1 2 Var(a,) + cZ2 Var(a2))K 2 

where Var(a ) = variance of total relative risk as calmlated 
in the previous section. 
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For n poles in a site, i of which are treated in some way, 
the benefit cost calculation for the site is as follows: 

BC {I a. c. - I a. c. 1°K - E MIKl 
j=1 10 30 7'" 7'" j=1 

where o (original) denotes accidents and costs prior to 
treatment, .,I 

and rn (modified) denotis accidents and costs after treatment. 

The standard deviation of Benefit Cost is calculated by and listed 
in the output of FQLFIX. 

1.4 Example Calculation of Benefit Cost Variance 

Consider a site with three poles; one pole is moved laterally, 
&e pole converted to wrap-around construction and one pole is 
untouched. 

Description Pole 1 Pole 2 Pole 3 
Accidents P/A 
Variance 
Cost per accident 
Total accident cost 
Treatment 

Treatment cost 
New number of accidents 
P/A 
Variance 
New cost per accident 
Annual maintenance cost 
Present worth factor 
for 5 years @ 10% 

4.6 
5.9 

$20,000 
$92,000 

increase 
lateral offset 
$ 5,000 

1.6 

.4 
$20,000 
$ 0  

4.17 

1.4 
.5 

$10,000 
$14,000 

wrap - around 

$ 4,000 

1.4 

.5 
$ 5,000 
$ 0  

4.17 

1.4 
.5 

$10,000 
$i4,000 
none 

1.4 

.5 
$10,000 

$ 0  

4.17 

The benefit cost is then: 
BC = ( (4.6*20,000)+(1.4*10,000) - (1.6"20,000) - (1.4*5,000)) * (4.17/9OOC 

= 106000 - 39000*(4.17/9000) 
= 31.04 

Var(BC) = (4.17/3000) 'I (20O0OL*5. 9)+ (lOOOOLx 0.5)+ (20000L* 0.4) 
+(SO00 * 0.5)) 

= 554.41 
The standard deviation is then 23.46. 
Therefore, one standard deviation (or 68%) confidence limits 
for the benefit cost are 31 ? 23. 
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AF'F'ENDIX J RELATIVE RISK PurrS 

The following relative risk plots are included: 

Major Road Non-Intersection (WI) Model 

Variable 
Absolute maximm curvature < I  

Annual average daily traffic 
British pendulum skid test result 
Lateral offset of the pole 
Distance between curbs (undivided roads) 
Distance f m  curve start 
Pavement deficiencies 
Superelevation of the curve 
Pole on inside or outside of bend 

I .  

Figure or 'Table 

F/J.4 
F/J. 5 
F/J.5 
F/J. 7 
FIJ.8 
F/J.9 
T/J.3 
T/J.4 
T/J. 5 

Minor Road Non-Intersection (MINI) M e 1  

Variable Figure or Table 

Absolute maximm curvature F/J.10 
Grade at 3Gm upstream of pole F/J.13 
British pendulum skid test result F/J.12 
Lateral offset of pole F/J.13 
Road Width F/J. 14 
Pole on inside or outside of bend F/J.6 
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Intersection of Major Roads (W) bdel 

Variable Figure or Table 

Intersection type T/J.8 
Annual average daily traffic roadway 1 F/J.15 
British pendulum skid test, roadway 1 F/J.16 
Lateral offset of the pole , .  F/J.17 
Annual average daily traffic, 
intersecting roadway 1 F/J. 18 
Roadway 1 divided/undivided T/J.7 

. I  

Intersecting roadway divided/undivided T/J.7 
-de 3Om upstream of intersection on 
roadway 1 F/J.19 

Intersection of Major and Minor Roads (hUMI) Model 

Variable Figure or Table 

Intersection type 
hiud average daily traffic roadway 1 
British pendulum skid test result roadway I 
Lateral offset of pole 
Distance between curbs, intersecting 
roadway 
Roadway 1 divided/undivided 
Grade 3Om upstream of the intersection 
on roadway 1 
Radial distance of pole from centre of 
intersection 

T/J. 10 
F/J. 20 
F/J.21 
F/J.22 

F/J.23 
T/J.9 

F/J .24 

F/J. 25 
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Figure 5.1 - deleted 
Figure 5.2 - deleted 
Figure 5.3 - deleted 
Table J.l - deleted 
Table 5.2 - deleted 
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r I 
Flgure J .4 blative risk versus absolute maximum curvature 

upstream of the pole - m1 data group 

0‘ 5 10 15 20 ’ i5 Yo 35 io is 50 5 7  
IO” AADT ’ 

PIgur, J.5 Rclativc risk veraus M D T  - !ml data group 



P€NDULUM SKID TEST 

5.6 wlative risk versus British ptndullvl skid 
test - M I  data ¶roup 

I 2 3 L 3 6 7 8 9 10 11 12 
R X E  LATERAL OFFSET Iml 

I 
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-Corrccltd lor pole 
density sotrrlolion 

0 -Raw data polnts 

DISTANCE BETWEEN CURBS Irnl 

pigure J.B.~clative risk versus distance between a r b 6  lroad 
width) for undivided roads - WnI data group 

p i g u r ~  J.9.Relstive risk versus distance Prom N N C  start 
contrallinq for absolute maxi- C"r"atYre - 
WnI data group ' 



c 
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. 

TABLE J .3. 
r *  

,. 
RL1ATIVE RISK AS50CIATES WITH PAVEWXT DEFICIENCIES -- M I  DATA G F O W  

Pavement deficiency Rclative Risk Standard Deviation 

m n e  0.93 0.04 
Tram tracks 0.99 0.17 
Oip/CresC 1.89 0.60 
Corrugations, holes 2.00 0.60 

TABLE J.4. 

RELATIVE RTSK FU R  SUPEFELNATlDN G I V M  NRVATURE 14) - M I  DATA GIMUP 

4 CYrVatUre Calculated 
Superelevatlo" - + 

4 Selected 
Superelcvatlon - + 

Left 0.93 1.23 0.9 1.2 
Right . 1.12 0.78 1.2 0.9 

TABLi J.5 

RELATIVE RISKS ASSOCIATED WITH POLES ON THE INSIDE AND OUTSlDE OF CURVES -- 
KUMI DATA CluxlP 

h a t i o n  of Pole Relative Risk 

Inslde 
Cwtsid. 

0.85 
1.15 
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2 

DDWUUl~l TO rmr - 
o . . . . . . . .  



\ 

h 
LO 50 60 70 BO ! 

SKID TEST 

TABLE J.6 

RELRTIVE RISK VERSUS IXATIOH OF w m  OH A m m  -- KINI DATA GROUP 

0 

Position of Pole RR SO 

Inside of curve 1.25 0.40 
Cmtride of curve 0.10 0.25 
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.2 

1 2 3 I, 5 6 7 8 0 

LATERAL OFFSET (a1 

Figure J. 13.RelatIve risk versus pole lateral 
offset - HINT data group 

J I 

A, 
5 6  > 8 .P 10 11 12 '13 1L 15 16 

ROlD WIDTH trnl 

~ I g u r m  J-14.Rclative risk versus road width - HIHI data group 
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0 5 15 20 25 30 35 40 15 50 55 60 
AA D T  WIG-' 

figure J.15.wlative rIsk vcrsus A A M  on roadway 1 - UJOHJ data group 

10 20 2" L D  50 60 70 80 0 
SKID TEST 

rlgure J.16.Relativc rizk YEISUL skid test on roadway 1 - m 
Ilntersection) data group 
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I I 3 1 5 6 7 
L A T E R A L  O F F S E T  Iml 

‘ ~ i q u r e  J.17. Relativc risk versus p l c  lateral Offset - YJ’JI.J data q m u p  

Figure J.la.RclatIve rink versus AADT on the intersectinq roadvay - 
UIUJ data group 
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?2 

20 

'8 
16 

~ 1.4 

" 2 1.2 

.a 

z 

C 
10 

.E 

-L 

i, 

Figure 3.19.Reletlve ri3k versus grade of roadway 1, 3om before 
the intersection - KlW data g m u p  

1 

I': - 

DOWNHILL TO POLE UPHILL I0 wL6 
C . ' " . '  

5.7 

~ ~ o r m  VUES or -TIE RISK AGAINST BWIH INTEFSECTINC ROmwaYs 

DIVIm/UNDIVIDED COXTROLLING €OR THE PPESEHCE OF'TRMTIC LIGHT5 -- KlKl 
-way Divided/Undivldcd Relative Risk 

Traffic Llghts Other 

1.00 
1.00 

0.11 
1.80 

TABUJ.8 

FElATlVE RISKS FOR CRDSS AND TET IliTEFSECTIONS, CONTROLLING FOR PRESRHlE 
OF W I C  LIGHTS -- KlKT 

1nterrection Type 

Type Of control 

Traffic lights NO traffic lights 

RR RR 

cmas 1.0 1.9 
h e  1.0 0.1 
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5 10 1s 25 25 30 35 10 L5 50 55 
A A D T  ,to-’ 

riq.>re ~.Zl.lclstive risk versus Brltish pendulum skid 
test on the major road - K7nI data group 



-1.16- 

I 1 3 L 5 
L A T E R A L  O F F S E T  Iml 

Figure 5.22.Relative risk versus p l e  lateral offset - 
MJIlI data group 
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-10 -5 0 5 1 
GRADE (7.1 

I 

DOWNHILL 10 INTERS. UPHILL TO INTERS. 

FiqureJ.14.Rclativa risk versus grade of the major road 30m before 
the Intersection - 1'5141 data group 

Flgvra 5.25.Relative rIsk versu3 radial dIitancs of the pala'from the 
Centre Of the Intersection - WItI data qroup 
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T D E  J.9 . 

~ W T I V C  RISK roR FOALWAY 1 DIVIDEDPJNDIVID~D -- bun1 DATA CROUP 
-dray DIvid.d/VndIvidcd RR SD 

Divided 0.58 0.21 
mdividsd 1.43 0.30 

TABLE JJO 

REUTIVE RISK BY I h T E R S ~ I O N  TYPE (+ OR T) KlHI DATA GROUP 

IntDrsCCtIO" Type PR SD 

+ 
7 

2.50 
0.70 

0.53 
0.13 



APPENDIX K SAMPLE POLE INmrr FORMS 

A copy of each pole input form is included for the user to copy. 



PR- 1 

W L E  ON INSIDE(N) DISTANCE 
M I N I M  RADIUS OR CUTSIDE (U) FROM CllRvE I POLE 

l- e 
0 

CONSTRUCTION USAGE OF CURVE OF CLRVE 

23 .. * 
0 

1 6 12 13 15 17 18 22 
SUPER- 
ELayATION SKID 

TEST 

26 27 32 

LATERAL 
OFFSET 

34 

ROAD . 
WIDTH 

Erin 
39 

P A M  
DEFICIEIEIES 
(N IT1 Dl C) 

0 
43 

0 
44 

17 
60 

m 
57 

0 
45 50 51 56 

EsTIM4TF.D DEGREE RECORDED NUMBER RECORDING 
. OF SHIELDING OF ACCIDENTS 'PERIOD u n  a 

61 69 66 68 



PR- 2 
MINOR ROAD NON-I"SECTION POLE DESCRI€TION 

4 POLE $1 
NLpiBER 

1 1 1  I 1 1  
1 6 .- 

POLE ON INSIDE(N) 
M I N I M  RADIUS OR W S I D E  (U) 
OF CURVE OF CURVE I FOIE 

1 NUMBER . CCNSTRUCTION USAGE 
0 m n ~ m  1 6 12 m r n m ~ m n  13 15 17 18 22 

. , a  

P e 
F;' 

CIn 
23 

SKID LATERAL ROAD 1 m OFFSET WIDTH 

0 
46 

cl 
22 m i m m  32 34 39 u m  43 
-. 

U 
26 

GR4DE 

45 u r m n -  50 51 

m 
61 

ESTIMUED DEGREE RECORDED NUMBER 
OF SHIELDING OF ACCIDENS rm 

69 
m 
66 

0 
56 

m 
57 

RECORDING 
'PERIOD cmn 
68 

n 
60 



INERSECTION OF MAJOR ROADS POLE DESCRIPTION 
B 

POLE 

1 6. 12 13 1s 17 18 
0 
22 

SKID LATERAL 
OFFSET 

0 
1 AADT T!3T 

43 
m i r n ~ u n  c m  
22 32 34 39 

U 
26 

AADT IhTERSECTING 
I"EFSE'3IoN INERSEflING ROADWAY 
TYPErX ox' TI M A Y  DIVIDED 

0 
45 50 51 56 

ESTIMTETI DEGREE R E m R D m  NUMBER RECORDING 
OF SHIELDING OF ACCIDWTS PERIOD 

cm 
57 

rm m 

ROADWAY 1 
DIVIDED 

0 
46 

INERSECTION ENTROLLED 
BY TRAFFIC L I M S  

fl' 
60 

61 63 66 68 



1 6 12 13 15 17 18 

SKID LATERAL ROAD 
AADT . T E S T  OFFSET W I M H  I 

17 
43 

m n - i r n c u x ~  c m  
22 32 34 39 

U 
26 

INIERSECWJN RADIAL DISTANCE 
c;RADE 'RPE(X OT T) FROM IhTERSECTION u n  

57 
0 
56 

m n u u o  
45 50 51 

ESTIMTED DEGREE RECORDED FNMBER RECORDING 
OF SHIELDING OF ACCIDENTS PERIOD. cmrl 

68 
m 
66 

pm 
69 

cm 
23 

w 
w e 

ROADWAY .1 
DIVIDED 

0 
44 

D 
60 

61 
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OPTIONS 

RELATIVE RISK BY POLE CATEGORIES 

M] 
1 

W O R  ROAD 
NON I"TRSE(XI0N 

6 

ACCIDENT 
FACTOR cIImIn 
26 

PRINT POLE DEC. 
Y or N 

0 
40 

MINOR ROAD MATOR/MAJOR 
NON INTERSE(JTI0N INTERSECTION 

EJIm prrrn 
11 16 

SKID TESTER 
1NI.ERE.T B = BPS 
RATE S - SCRIM 

0 
38 

urn 
34 

WOR/MINOR 
INTERSECTION !Inn 

21 

RANK BY B/C RATIO = B 
'RANK BY NW - N  - U 

39 

PRINT "REA= 
EFFECT DDAILS 

0 
41 

PRINT STANDARD 
DEVIATIONS (Y or N) 

U 
42 
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POL-4 

. 
POLE ON INSIDE(N) DISTANCE 

SITE Po= MINIMUM RADIUS OR OUEIDE (U) FRO4 CLWE 
W E R  CONflRUCTION USAGE or: CUIW or: CUINL! !J"U 

6 10 12 13 15 17 18 22 23 

w e 
SUPER- PAVEMENT - 4 9" 
ELEVATION SKID LATERAL ROAD DEFICIRJCIES ROADWAY 1 

T E S T .  OFFSET W I r n  (N,T,D,C) DIVIDED n 
44 

0 
43 

m i m m m n  
32 34 39 

fioru) 27 
26 

AADT I~TERSECTING 
INERSECTION INITRSEClTNG ROADWAY RADIAL DISTANCE INTEFLSELTION CWTROLLU) 

GRADE "YF'E(X ox T) RaADwAY DIVIDED FRaM INTERSEflION BY TRAFFIC L I M S  n 
45 u u n n m  50 51 56 57 60 

0 
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-1 

m. 

MN 
.
d
 

.
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SITE RJLE 
NLpiBEfl W E R  CQNsTRuCrIcN USAGE 

U 
22 

n m m ~ m m m u m  
10 12 13 15 17 18 c 6 

E m  
23 

., 

SKID LATERAL ROAD ROADWAY 1 
AAur TEST OFFSET WIDTH DIVIDED 

D 
44 

0. 
43 

m a -  
27 32 34 39 

U 
26 

INERSECIXN W I A L  DISTANCE 
GRADE 'TYPE(X or' T) FROM INI'ERSECl7ON m 

57 
0 so 51 56 

17 
60 
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