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Study became more comprenensive

Originally a Signal Removal Study (1970 FHWA)

Updated scope toencompass contemporary.
CONCerns: envirenment, society, etc.

Considered 69 impacts

65 In non-monetary terms
5 In monetary terms

Grew to 100+ pages, 200+ footnotes

TThe study sets forth a comprehensive approach te evaluating
the Impacts of converting conventional cress intersections to
modern roundabouts,



Areas of Impact

Traffic iImpacts

Safety Impacts
Envirenmental iImpacts
Social Impacts

Cost Impacts

\

Benefit Cost Analysis



Areas ofi Impact

Traffic iImpacts

Flow

Trucks: Sirenselichvasiey \WB-50's, SU
Street network

Future growth

Nen-prigiofizael irziifie flow
Skycrest Elementary School
Miscellaneous (8)

Possible contraindications (11)



Table 25 Traffic impacts Expressed in Non-Monetary Terms

frea of impact

Frise ficr

| el of Service (LOS) (p 16)
[ Delay {p. &)
| e lengih (p 17)
| Dhlery b0 B cimving pubic (D 18]
| Trucktraffic i{p 19)
| Hewre Road (p. 23)
Stresl neteork (p Z3)
I-Fl.luu: growth (p 23)

Fion-matonzed fraffic (p 34)
Skycrest Elementary School (p. 24) |

[ Prysical and rignt-of-way leatures
[P 24

Current and planmed sbe
| development features [p 26)

Cerain community considerabons
[ P 25

Traffic management sirabeges (p
[ 26)

Fubdlic trarsa (p. 27)

[ Adjacert inbersection treatments {p |
[ 27
Pubdic complaints  (p. 27)
| Cather roundabaouts in the
| junssetian (p 27T)
Physcal or geomeinc feabures (o
| 28)
Lamd use of i generaiods (P
28)
["Crtteer trafic control devices
| requring pre-empton (p. 28]
Boitienecks on inbersecting
| roadways (p. 25)
| Sight distances (p. 29
Platooned arberial traffic fow (p
[ 2H]
Hieavy use by persors with special
| needs (p 30)
Safety projecis to benefit alder
| drivers (p 30
Emenpancy wehede operations
| coordination requirgments. (p 30)
Emengency evacustion (p 30)
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Areas of Impact

Safety Impacts
= PCIas

= Older users

= Non-motorized Users
Pedestrians
Older pedestrians
Children
Bicyclists & skaters
Impaired users: mobility, visually, cognitively
Complexity.



Crash Prediction Methodoelogy.

Alternate methodologies

UK safety performance prediction moedel

UK-based

Does not take into account individual characteristics of crashes that
have actually occurred: at the cross intersection

Apply crash rates obtained elsewhere

Convenient

US data base is smallland confounded with mix of single- & multi-lane,
low- & hi-speed, well- & ill-designed roundabouts

Study methodoloqgy

Examine actual crash histery, determine whether each
crash would have beenless likely to occur at a low-
Speed modern roundabout




Crash Prediction Methodoelogy.

The table below gives the past three years of crash history, divided into the seven
categories.

Table 8. Crash History {36 months)

Backing | Outof | Outof
"u’E'hME i Contral Control :
#1 | #2

The table above shows a total of 39 reported crashes have occurred at the six
intersections in the past 3 years, or more than one reported crash a month.




Applying the above determinations to the crash history results in the table below.

Table 9. Crashes That Typically Would be Prevented by a Modern Roundabout (36 mo.)

Collision Category

Backing Ot of Out of
Wiehicle Rear Side- Control Control
| (driveway) | End | swipe #1 e
18 g 4 7 3.1 1
5 Reduction 1'00% 100% J S0% S0% 100% 1 20% | 100% :

' -000(000"00&000!!0 PPPLLLPPPLLELPPPPPPPPPLELPPPPPLPPPPLLPPPELPLLLLLLLLPLPPPPPPLPLLPPPPPS lll'llf&OOJ!OOIIIllfitltog

: Eliminated
| B | 18 5 J 2 | 35 3 1 5 J 1

The table above shows the likely reduction in crashes had these six intersections been
modern roundabouts.




Summing the injury data from the prevented crashes gives the table below.

Table 10. Injunes Associated with the Frevented Crashes (36 months)

K

‘ : Incapacitating | Non-incapacitating Possible Mo Apparent :
: Fatalities : Injuries Injuries Injuries :

.
9,0.000000060We0000600000000000000000000h00066000000000009000000000es00600000000 eecee
.

0 | - |

The table above shows the injuries associated with the crashes that typically would be
reduced had the six intersections been modern roundabouts. This table will be referred
to later under Cost Impacts in the section on Cost of Crashes (p.B0).




Table 26, Salety Impacts Expressed in Mon-Mongtany Terrms

Coaf =
Area of Irmpact | . Impact Benefit = &
| 34 | Fewer crashes [B]
35 | Less severe crashes | B |
Motorists {p. 32) | 36 | Most lethal crash fypes eliminated | B
| 37 | Vemcleivehicle conflicts reduced by % =3
| 3 | increased non-mobonized travel options | B |
|+ | Increased comior and mobility | B
F3 | Much lower, saler wehiche & g B
PSR, 7 40 | Shorter crossing expasune dpf::n:m'tm | B
| 41 | Pedestrianfvehicke conflicts reducedby 23~ | B
42 | Less complexity B
| 43 | Mo left bums in front of oncoming fraffic [ B}
44 | Less demanding time-constrained decisions B
Oider drivers (p. 39) ' a5 | Lower demands on vision, flexiblity and ' EII
| | reaction timea
45 | Mare time for other drvers to compensate for ' B
_ l | older deivers” efTors [ ]
« | Imcrgased cormfort and maob B
_ ChOSr pacatians: {p. 501} |- | Shorter crossing exposure ;Elamaftme |B]
| Less complexity |B]
. Much kewrer, saler vehicle speads B
Lhild pedestnians (p. 31) v | Bhorter crossing exposune distancestime B
' | More time for drivers' to compensate for ' B '
| | children's effor | = |
. | Increased comiort and mobility |B
Bicyclists & skabers (p. 52) + | Much lower, safer vehicle speeds | B
Mobslity impaired users (p. 52) o | Shorter crossing exposuns destancetime B
' | More teme for drivers’ to compensate for non- | B '
| motorized users' errors [ ]
| Less complaxity | B
| | Much kweer, safer wvehicle speeds B
a7 Mrs:aurf aural cues sometimes avadable at c
BN
EEHEHE"E S e 0 | Mare trre for driveds to compersate for ' B
| visually impaired users' errors .
Curty return pisiestian ramps, splither island
48 | crosswalk curbs and superior irslalled B
] | bruncated domes surfaces help wayfindng
| Less complaxity .
: Much krser, saler vehiche Speads B
Cognitively impaired pedestnans | gre time for drivers to compensate for ™
(p. 57) " | cognitively impaired Users’ ermons . e
ag | Visually and texturally emphasized crosswalks

| rmake & maore apparent wihere bo cross safely | =




Intersection Rules
Roundabout Signalized

1. Yiedd to trafic already It the signal is @ red ball, come o a complete stop
in [he rowndabout aj Aler slopping. you may bum fdght (legal in Flobda, bu ndd in all slales) but mus!
yield bo oncoming braffic: except i ihe sign says “HO TURN ON RED", you cannat
by ARer stoppeng. you may im lefl on red Fom 8 one-way sireel onlo & one-way
streit (legal in Florda, but not in all stales) bulb must yeld to oneaming traffic
I ihe ségnal is 8 gross bhall
@l yol may go straight of turm righl. bl only if the way is chear — you must yield fo
wahicles slill in the inlersection
By you mny turn left but must yield to oncoming traffic
if ihe sigrind is 8
B) you may Qo siraight o furn right
By yed may lum el but must yield to encoeming fafc
ifihere is one signal head for several lanes, A applies lo all those lanes. ifihers is a signal
head for each kane, each lane |5 gowemed by ils cam signal head; and if there are multiphs
heads bul rol &5 meny 83 there afe lanas, generally & head centered above & lane govems
ihsd lane, & single head localed above he ine dividing o [anes govemns both lanes, and &
singie head centered above three [anes govemns all three lBnes
if the signal for wour lane is a red armow pointng ket or right, come (0 a complete stap
a) Afer sleppang. you may tum nght on red bt must yield to oncoming trafiic (legal in
Flarida, bul not in all stabes). sxcepl o the sign says “HO TURN CN RED', you
cannol
by  ARer sloppeng. you may fum le® from a cne-wary siresd onlo & one-wany sireel (legal
in Fiorida. bul not in ail states); excepl if the sipn says "NO TURKN ON RED". you
cannol
if e signal for your lane is & red armow painkng up, you mey nol go sireighl
I the sigral for your lane is & gresi anioyy pointing lefl or night, you may bum in B drecton
of the armow. afler yielding the rnight-of-way bo vehicles within the intersection, even il the red
light |s buming at ihe same time
I fhe signal for your lane is a gresn andw panfing up. you may go siraight. after yelding the
righl-ofway lo vehickes within the intersechon. even if the red light k5 buming at the same
lirme
If ihe signal for your lane isa it means the sams hing a3 he bt
applies only bo movement n the directon of the amow
. Ifihe signal is & Blinking red ball, come o 8 complete stop and ihen enter the inbersection
except you s yield to olher vehicles already in the interseclion
I ihe signal isa enter the inlersection with caution. except you miust
yiedd (o other vehicles alréady in the infersaction
I nene of the bulls on the signal head are (luminated (power outhgs), come 1o a complele
stop and ihan anter tha inlersaction with caution. excepl you must yiald bo oiher vehiclas
plready in the intersection

Note: Vehicles in the Hote Who has the righl-of-way changss every lew seconds as the phase sequence cycles
roundabout abways have
the mghl-of-waty




Specilal Users Roundabout features

/- Low: vehicle speeds

Pedestrians '\\\\- Reduced ped exposure

Older drivers » Xing 1 direction at a time
\ Xing fewer lanes at a time
Older pedestrians ¢ \ Short crossing distance
\ Pedestrian refuges

chiidren - Reduced complexity:

Mobility impaired ¢ Fewer veh/veh conflicts
Fewer ped/veh conflicts

Visually impaired e No phases, codes, etc.

Simpler rules of operation

Cognitively impaired - . Truncated domes

. Curb return ped ramp
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Specilal Users Roundabout features

» |_Low vehicle speeds

Pedestrians ¢ . Reduced ped exposure

Older drivers Xing 1 direction at a time

Xing fewer lanes at a time

Older pedestrians e Short cressing distance
Pedestrian refuges

chiidren - Reduced complexity:
Mobility impaired ¢ Fewer veh/veh conflicts
Fewer ped/veh conflicts
Visually impaired e No phases, codes, etc.

Simpler rules of operation

Cognitively impaired - . Truncated domes

. Curb return ped ramp



Figure 13. Independent Researchers Comment on Clearwater's First Modern Roundabout

provide an exemplary roundabout including features that
make it accessible to and usable by persons with

disabilities. The design includes a number of excellent
features, including separation of the pedestrian and

roundabout at locations other than the crosswalks.”

“We appreciate the commitment of the City of Clearwater o .

“The greatest roundabout ever
i|: built in the United States ison
vehicular way and landscaping which prevents persons wﬂn
: are blind from inadvertently crossing the streets entering the:|",

Clearwater Beach, Flonida. ™

Letter to the pnncipal author from
Janet Barlow | and

Access Committee,

Lukas Franck,
Billie Louise Bentzen,| Environmental

: Roundabouts and .”e:fesrn'amg
‘with Visual Disabilities: How'
Association for the Education and | :
Rehabilitation of the Blind and Visually Impaired, Division [
Mine — Crnientation and Mobility, July, 1955

C. Wadwa, Ph.D., Head, Cwil
and Environmental
Engineering, James Cook
University, Australia,
Transportation Research
Baord,82™ Annual Meeting,

January 2003, Washington,
D.C.
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Before construction

EUQHEN

90 vehicle/vehicle conflict points



26 vehicle/vehicle conflict points
71% reduction in conflicts

43% reduction in ped/vehicle conflicts




Areas of Impact

Environmental impacts

Fuel consumption
Pollutants

Trees

Landscaping
Aesthetics

Street character

Noise

Neighborheod and city



Table 27. Ervironmental Impacts Expressad in Non-Monetary Terms

Area of Impact Impact

" Fuel Consumption (p. ) | Save 17,739 gallons over 20 years

Reduced by 3,746 444 Kg over 20 years
Reduction of global warming gases

Lose 19, gain E;Lplm 1,390 LF of 10' median
for more Irees]l1

: Emissions (p 61)

Trees and plants (p.G64)
Increased shade and habatat
3,932 5F of impermeable surface replaced

Stormwater (p. ) d4 | with planting area in central islands (plus
anather 13,920 SF in medians)

Moise (p. ) o5 | Reduced noise | B




Areas of Impact

Soclal Impacts

Saociall origins ofi the project: Design charrette
Public acceptance: 65% of property owners

> Session 8B, Wednesday morning

Equity Impacts: Vertical & horizontal equity:
Trravel impacts

Health impacts
mpacts on residents’ health
Long-range Impacts




Table 28. Social Impacts Expressed in Non-Monetary Terms

Cost=0C
Benefit = B

Area of Impact Impact

Gain six attractive roundabouts
Aesthetics . Enhance character of Cleveland street
‘Compatible with character of Cleveland Street | B
3,932 SF of asphalt replaced with planting
Landscaping area 1n central islands (plus another 13,920
SF in medians)

Improved mobility for all users

Increased neghborhood interaction

Improved urban environment encourages
urban irfill that reduces sprawl

More hospitable streets encourage street
_activities and community interaction

Reduction in injuries, trauma, suffering, pain,
emoational anguish, and emotional and mental :

disorders

The preceding four tables list 64 impacts expressed in non-monetary terms:
providing a net benefit, 19 having no adverse impact, and one being a cost.




Areas of Impact

Cost Impacts

Costs to the City

Capital costs: Design & construction
Operations & maintenance

Costs to society
Fuel, delay
Costs of crashes

Benefit-Cost Analysis



The five impacts expressed and evaluated in monetary terms are listed in the table
below.

Table 29. Impacts Expressed in Monetary Terms

Area of Impact Impact (2004 dollars) Banafit = B

- Capital costs (design + ROW + construction) 51,740 398
Annual Cperations and Maintenance (O & M) Costs $3,780

Coststothe | gs
66

67 | Annual fuel costs $ 26,608
B8

65

City of
Clearwater

Reduced Costs

to Society Annual cost of delay : * 08,486

" Annual comprehensive costs of crashes § 2,655,988 L

The table above lists five impacts expressed in monetary terms. Construction costs are
hlstu:rrlcal and have been adjusted to base year 2004 dollars using the formulas balnw

Where k= 3.5%'" annual adjustment factor for construction costs

The same formula was used to adjust the other historical cost data, using j as the
adjustment factor,

where i = 3% annual adjustment factor for consumer costs

Future benefits are inflated, discounted and summed to arrive at a present value.

Where r i+ Mo
f 3% = inflation rate
rmg= 0.45% = rate of traffic growth




The standard formula for discounting was used to discount the series of life-cycle costs
and benefits to present value,'®

M
PV =X A[1/(1+))]
=1

Present Value

year of life-cycle analysis period
amount of benefit or cost in yeart
20 = length of life cycle (years)
7%'" = discount rate

Parhaps the most straightforward wa',r to compare monetary ban&ﬁts and costs over the
life cycle is with the Met Present Valug®™ (NPV), as follows

Monetary NPV= (benefits) — (costs) = $ 39,492 884

The other most widely used measure to compare benefits and costs s the Benefit'Cost
Ratio,”” as follows

Monetary Benefit/Cost Ratic = Present Value of benefits =
Present Value of costs

The mnnetarg.r Benefit/Cost Ratio shown above is substantially greater than unrh,r or one.
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BCA Inputs

A, COSTS TO THE CITY .

_Uj_gaﬂil:al Costs: One-time Cqst of Rbts,
Year of costruction cost data § |

Sl P n'ores e LU e e 2o Tl

Construction costperrot  © |§ 173,726 |:
|Number of roundabouts : G |:

Design cost (2003)

(2) O&M Costs, year
|Ann. cost to maint_ 3 signals :
Annual cost to maint. 6 rbts

BCA Calculations

Construction cost of & rbis.
,aﬂj-.t‘:’.?‘-’.'.'?."?”*.f’.-_ By (k) |3
|Design cost adjusted by (r,)

Adjusted to current year by (/)
|Annual O&M benafit -1



BCA Inputs

|Construction cost per rot

[ld umber of roundabouts
|Designcost (2003)
|ROW acquisition (2004) ¢

—————
.

(2) O&M Costs, year

[Ann. cost to maint_ 3 signals : |
Annual cost to maint. 6 rbts

BCA Calculations

Construction cost of Eibis.
|adj. to current yr. by
\Design cost adjuste
\Right-of-Way acquisition — |$ 5,000 |
PV cost of 6 roundabouts | $ 1,178,655 —

Adjusted to curent year b @ ] N
|Annual O&M benafit -1

Benefits
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B. COSTS TO SOCIETY

(3) Fuel
Fuel cost (per gallon) :
Annual fuel savings {gallnns.}

(4) Delay
Costdata for year
Hourly cost of trave| delay

Travel delay reductn. (hrshyr): |

(5) CGrashes
[ Comprehensive E.'-usts ﬂf Crashes
NEC data for year :

2002/}

Adjusted to current year by (/) |
Annual FuelCostsavings | $ 26,609 |
lAnnual Tra'u'el Delay ﬁawngﬁj § 62 IZH-B 2‘2
ITn:n'l:al annual

\preventable delay benefit | § 88,657 _!—

Comprehensive costs of crashes,
adjusted to current _ra-ar by (ry)

|K Death
|A Incapacitating Injury

3,470,000 |}
172,000 |

'K Death [$ 3661323 |
!A Incapacitating Injury _ 5 182,475

B Non-incapicitating Injury

|B Mor-incap. Injury |5 46 892 |

\C Possible Injury
O No Injury

C_Possible Injury 22,279 |

| Curmrent Year|

| Annual Factors for Adjq.:stung‘ Historic Coststo [
2004

!_':unsumer inflation Rate ) :

Construction Irflation Rate {th |

o0

Benefits




The MNational Safety Council (NSC) classifies crashes into five categories for the
purpose of assigning comprehensive costs. The most recent NSC comprehensive
crash costs are given in the table below.

Table 24. Average Comprehensive Crash Cost per Injured Person™

Incapacitating | - pacitating Ifiu Injury
Injury jury (PDO)

| sa4200 [ 521000 | $2,000

The table above gives the comprehensive costs according to the severity of the
injuries as classified by the KABCO system described earlier under Safefy Impacts in
the section on Impact of Crash Seventy (p. 38).

Man- ‘

Possible ‘ No




Classification of Crashes al Sic Inbersactions in the Cleveland Streel Comidar Tor 35 Morth Penod

®000000000000000000000000000000000,

P Ll TR Comprenerene ot T 1o Caeh
Date of |Clevelang] ra K A | B C | O Preventon
Crash & | Type of Collisionf-Crash? 3681 37 [ ezars] emez|zzzme] 2122 ;. Benefi

M : '::34llllllllttllllllltlllttll:::“

OTOBMO0 [Meteor . |RightAngle & 100% | [ 1 | [ *'s 688z
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. T Tu b 2
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[Factors to calculate PV of Togl Ann._Benefits |: | [Annual O&M benefit

"Year of Construction 2 05| : |Tu|: Ann Prev. Delay Bene

Project service life (N) (yrs) : | 20| | |Ann Crash Prevn Benefit | § 2656989 |
Annual Inflafion Rate (r] | 300% : | |Total annual benefits ~~~|§ 2,749,656
[Annual Traffic Growth (r 5 ) 456 | TiAen —~

s _ [ < Amortize Over Life f_}'r_:le worksheet

°e, 0o’
b X WP .5...00" .

PV benefit of & rbts. """ '¢°40,671,539 |

Benefits
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Ken Sides

Ken.Sides@myClearwater.com
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