INTTRODUCTION TIO' ROUNDABOUTS




Operational Analysis

o Capacity

o Perforimance measures
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Capacity

\What affects capacity?

How can capacity be evaluated?
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What Affects Capacity?

o Capacity of.roundabouts defined by the
capacity of,each approach

o (Capacity ofiaroundabout appreach
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Capacity

Whatiaffeciscapacity?,

How can capacity be evaluated?

> rlow do | daisrming ine cagzcity for 22¢f)
catacjory of l'O'.Il’lds!.f)O.lt?

- What a0out tns rlC\V|?

> rlow do | use the daia?



How Can Capacity Be Evaluated?

* W0 basiC approaches:

— Analyticalimetiicd

= Empincal imeinod
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Analytical vs. Empirical Methods
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Analytical Method

Capacity/is a function of, among others,
the characteristics ofithe traffic. stream

Based 61 gap acceptance theory
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Australian Analytical Method

Capacity/is a function ofithe following
parameters:
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Empirical Method

Capacity/is a function ofigeemetric
features

Linearregression ofihuge database
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British Empirical Method

o Capacity isiafunction of Inscribed

: : circle
SITX geometrlc parameters diameter, D
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British Method: Geometric Sensitivity

Major; effects: v, e, I’
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French Empirical Method

o Capacity isiafunction of Inscribed

five geometric parameters cirels
diameter
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German Empirical Method

Capacity/is a function of
(WO geometric parameters

Numbereficirculatorny lanes

NUMPERCIFENUYAENES
GENTNINESECHIF
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Summary of Analysis Methodologies

Variety ofimodel forms

Each has been custom-tailored to the
design phrosophies and driver-beliavior

OIFEACITTCOUNLIY
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Capacity

Whatiaffeciscapacity?,

HOWCATTICAR ACI (WAL EEVAl gt e ¢,
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How Do | Determine the Capacity for
Each Category of Roundabout?

e Determine base capacity for,the
appropriate category:

= SIngles aneroundaneuts

— Douala-lzina rouncioonis

S Adjusitiing ezgzieity [or otfler fzletors



Single-Lane Roundabouts

o Urbancompact roundabouts
— esignibased oniGerman-stylerdesian

— (capacityeguationbasedion German data

ESINMAIER aNENGUIUA0OULS;
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Single-Lane Roundabouts

Urban & Rural Single-Lane Roundabouts

"-.. Entering and circulating
o, flow = 1800 veh/h
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Exhibit 4-3, p. 87



Double-Lane Roundabouts

» Design based primarily.on British-style




Double-Lane Roundabouts
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Exhibit 4-4, p. 87



Capacity Adjustments

o Short lanes (flared approaches)

o Pedestrians




Capacity adjustments: Short lanes

o Shortlanes are the additional partial lanes
added when flaring aroundabout from;one
(o twolanes

No. of vehicle spaces in short Capacity factor (applied to

lane double-lane approach capacity)
0 (single-lane approach) 0.500
0.707
0.794
0.871
0.906
0.926
0.939

|
o PO ~NE

Exhibit 4-5, p. 89



Capacity Comparison

Double-Lane, 55-m diamete
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Exhibit 4-6, p. 89



Capacity adjustment: Pedestrians at
single-lane roundabout
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Capacity adjustment: Pedestrians at
double-lane roundabout
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Other Situations

* \What about larger,roundabouts (three- and

four-lane entries)?
= HavebeenusedinuUisy (o] oradey Califernia)

— FrlWA daocimnsiit doss ot orovids soseific

guir.lanr*e
of othzr matnodolocias, orirnzirily



EXit Capacity

Single-lane exits preferred

— SHGriernpedestrian Crossings

— Betiersspeedcontroloniexit
2 (CAPEGILY

— 1,200 van/n with 2ingntizd sdignimsant, no osds
UL TKES

— '1,200-1 500 van/n for normeal urozn conditions

> Nula ofF trtrne:s
> 200 van/n — cdounle lzine axit



Degree of Saturation

EGr- each approach, determine entry
volume and/entry; capacity

Degree ofisaturationi=volume / capacity.

S (EiLiCal P RLOACHT H P PO ACITIWITINITY I EST:
claejreOf Seigreitjor)
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Capacity

Whatiaffeciscapacity?,

HOWCATTICAR ACI (WAL EEVAl gt e ¢,

> rlow do | daisrming ine cagzcity for 22¢f)
catacjory of l'O'.Il’lds!.f)O.lt?
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What about the HCM?

Roundabouts introduced in 1997 HEM
Methoed unchanged in HEM 2000
Usesianalyticallmethod

@nlyiestimates;Capacitys NoIguIdance 61
U elay o1 EVEIfOTISENVIGE

Critical gap  Follow-up
(sec) Time (sec)

Upper-bound
solution

Lower-bound
solution




HCM 2000 Method

» Applies only'to single-lane roeundabouts

o Only estimates capacity; no delay o LOS
1500
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Entry Capacity (pce/h)
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0) 200 0[0) 610]0) 800 1000 1200
Circulating Flow (pce/h)

Source: HCM 2000



Capacity

Whatiaffeciscapacity?,

HOWCATTICAR ACI (WAL EEVAl gt e ¢,

> rlow do | daisrming ine cagzcity for 22¢f)
catacjory of l'O'.Il’lds!.f)O.lt?

- What a0out tns rlC\V|?

2 rlows co | usa ine ceige?



How do | use the data?

furning Roundabout
movements volumes




Step 1: Convert to passenger car
eguivalents

o Convert trucks and other vehicle types to
passenger car eguivalents (pce)

Passenger Car

Vehicle Type Equivalent (pce)
Car 1.0
Single-unit truck or bus 1.5
Truck with trailer 2.0
Bicycle or motorcycle 0.5

Exhibit 4-1, p. 84



Step 2: Apply Peak Hour Factor (PHF)

o Peak Hour EFactor; is the ratio ofithe hourly
volume to the peak ds-minute flow rate

o Use ofiPHE s, consistent:with HEV

rorulz (slC\V):

Pazucis-nin ilow s (v2nln) = Yolumsa (v2n/n) [P rlF



Step 3: Calculate Entry Volume

o Entry volume =sum of entering turning
movements




Step 4: Calculate Exit Volume

o EXit:volume =sum ofiturning moevements
as shown




Step 5: Calculate Circulatory Volume

o Circulatory velume =sum ofiturning
moyvements as shown




Example: Volume Conversion

PHE = 0.94 East/West:
SUtrucKs/

furning Roundabout
movements volumes

PBUSES
50) ¥
240) 4
a-l 4! @ ‘! @Q)
85() L
410
OO 2
0 = O INOTII/SOUIE

A0 RS UNTICKSTOUSESY
2% GO0 irLIGKS



Example Step 1: PCE Calculation

o SBTH: 530iven (4% SU/bus; 2% combpo)

Ob cars (0:94) x 1.0/pce/ven = 0:94
0o SUILUS: (0104) % 1.5 pee/ven = 050)¢
Vo,COMBON0I02) %2, 0IpCe/Ven = 0),0)2!
., = 1002
£ 9350 Ve
Passenger Car

Vehicle Type Equivalent (pce) 551 pce

Car 1.0

Single-unit truck or bus 1.5

Truck with trailer 2.0

Bicycle or motorcycle 0.5




Example Step 1. Completed PCE
Calculation

o) Syl
240 242
1410 100 4l LO)|
So() S9!
140 44
elele) so) Le) S
S ) 201N



Example Step 2: PHF Factor

PCEs (peak 15
PCEs (hourly) min(ﬁtes)

51 57
242 290
1141 LoxI 1415 4107
354 91
44 ‘150)
MOt ce) Sy =)
COION I OLNIO

141 /0,94 = 150



Example Step 3: Calculate Entry
Volume

Entry volume = sum of:entering turning

movements

)4 ’2
gg 3 O 4919
1415 10)7 9415 o
S 4
150) >
0 <t O =

42



Example Step 4: Calculate Exit Volume

EXitivolume = sumof turning moevements
as shown

o4 212
258 = Y
1415 107 945 &
S \V
150) - 9
?
Z
el =) i
St

—_
N | A’

§42



Example Step 5: Calculate Circulatory
Volume

o Circulatory velume =sum ofiturning

movements as shown

25 419
118 10 945 o
S DAL
150) .. ?
028
S
00 <t O o

ce) lp) <)

—
N | ~

§42



Example: Solution

furning Roundabout
movements volumes
D~
A

0 S
210 = o
119 100 43 2
350 © AL
140 gzt 9
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A0 RS UNTICKSTOUSESY
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Example: Capacity Calculation

Roundabout Roundabout
Volumes category?

Lis N
& 2919 ’?
A5 - )
45 B0 H
< '9
928
u./



Example: Capacity Calculation




Example: Capacity check

"-.. Entering and circulating
o flow = 1800 veh/h

E\ < === — —
= S
o \' \\ ﬂ»
= 600 — S ~
> 607 N N %
g ] T (@ %
X 400 - o%cf )
= | a\ N O(,/) O"Q >
' SO 6. %
200 | %, Con S %%
G
0 I N6 L0
0 400 800 826 1200 1600 2000 2400

Circulatory Flow (veh/h)



Example: Capacity Check

* Entering volume = 645 pce/h

U oanicompact 360y el
» Velupstg-gzig:gity ritlos

— Sl g451792=09.85 AT

= Urgan somgasts 845 /907 =105 QYER
» Rag:t galguEition jor oinsr sioarazienss



Solution: Capacity Calculation

Urban Compact Single-Lane

OVER 57 O 0,49
106  CAPACITY 0,89 WO@BAYH

00
4

0,89
0,74



Operational Analysis

s (Capacity

o Performance measures

- rigld avaluzation of existing roundabouts



Delay

Control delay.

— [ncludes;mnitialldecelerationidelay; queue
moyVe-upitime; stopped delay; anditimnal

2 (GEOMELIGIU el ay]

— Dalay axoarignesd 0y csinela vaniels with no
conilictine flows

— Causad 0y gaomeatric fzaturas
> Totzl cJ2lay = Control -+ Gsomsiric
> Tyojczl mecisire tsisds coriirol ey



Control Delay

// | //
! , | | ‘ ‘ 1
ol L1 1 | 1 1 1 | 1] | |
0 400 800 1200 1600 2000 2400
Entering flow (veh/h —— N AC I

== 400 veh/h == 800 veh/h 1200 veh/h 1600 veh/h == 2000 veh/h 2400 veh/h

Exhibit 4-9, p. 93



Delay: Example

o Approach with fellowing characteristics:
— (capacity;=900n\enin
— =ntarine) ilows = 7240 \ven/t
— =195 1nin (V.23 n)

> P

L

fsly =%



Delay: Example

i
@ / l,/ S
SEEVIB SRV S
10 // ///g/ v
10 72 ,// o i /// /,/
// —1 | "
. L I
o T T 1 1 | | || |
0 400  740) 800 1200 1600 2000 2400
: Entering flow (veh/h)
Capacity

== 400 veh/h == 800 veh/h == 1200 veh/h 1600 veh/h == 2000 veh/h 2400 veh/h




Delay: Example

o Approach with fellowing characteristics:
— (capacity;=900n\enin
— =ntarine) ilows = 7240 \ven/t

— [ ="15 min (V.25 n)

D E] AV A=R OISHSOPSISTO Y EH AL O17)!



Average Delay for the Entire
Intersection

» Use for,comparisonwith;signalized and
AWSE Intersections

> DV
intersection — IZV,

D

WHENLES
D iorsaeiion = MIEErsSSCiion dalay, s/ver)
D, goroach i = U2y On 20orozeh f, s/ver)
Vioorozen i = YOIUME o1 20 0rozich 1, Vei/i



Queue Estimation

« Average queue (50" percentile)

— Equivalentitovenicle-noeurs;ofidelay,persieur
O an apProac

— Usafuliior cornezirineg osriofzines with otnar
ingsrsaction forms

e VIEX{ImM Uy UENENOEENP ENCETL E)
— Usad for cdasign ournosss

— Most common cuaL2 oaramatar



50t Percentile (Average) Queue
Estimation

Little’s rule:
I =v.2d// 38600

L= cuzaus lsnejtn, V1

v = antry ilow, van/n



o5t Percentile Queue Estimation
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v/c Ratio [-] Exhibit 4-10, p. 95



Queue: Example

o Same approach as for,delay example:
— (capacity;=900n\enih
— =ntarine) ilovs= 740 van/n (zle = 0.52)

— [ ="15 min (0.2 1)

N DESTUMNOEHIY E) OUEUEI=



Queue: Example

AU
» 90070:25

(@04
C
é 20 /
3] / 50
e _
= :’\g /
% o0 2 —7
9 -— . - . - s =
) 8 //’l[ - =10 \qe\\\
g 7 ok
E & [
Z
g O ]
> -
E 4 ]
g s i
B |
3 2 I
o
X
n

: 0,52

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
v/c Ratio [-]




Queue: Example

o Same approach as for,delay example:
— (capacity;=900nenin
— =ntarine) ilovs= 740 \van/n (e = 0.52)

— =15 nin (V.25 n)

R O5LI01 EXQUEUE=IOE] ONVENNOMDYEU ),

2 DEsiegn Quatiis =110 v



|_evel of Service

LLevel of service not.currently defined/for
roundabouts;in HEM

Thedilemma:

— Dy for il moveEmsants, eritiezl cioorezier, or
eriticz movamsant?

— Whnat tnrasnolds oatwaan latar gracdas?

S AS SUOSEtUiS raoort cSerea of seittraitior)
zind cdelay



Operational Analysis

s (Capacity

S DarformzEires (azssiras
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Field Evaluation of Existing
Roundabouts

e [hree methods
S DINECIAUINGINOVEMENTICOUTIT
J rlosa eotrts -+ ©O-D) szifno]s




Method 1: Direct Turning Movement Count

» Requires person to trackvenicles
traveling through the roundabout

s (O SASIG
OWIVOIUMES

VG EGIEEI VSIS



Method 2: Hose Counts + O-D Sample

¢ Hose counts across entries, exits, and
circulatory roadway

o @rigin-destination sample by matching
ICENSEPIAlES O OMIEINENion

INESU NOTCHIEeCKetnatinpoeundana eutoounad
flows ozilzifics g ezier) juretion)

2 O-D) suryayis lzioor intensive



Method 3: Hose Counts + Right Turns

Circulating velume

EXiting velume

ERtenngeIume

RINVOIUME:

+ Nlatnad sissumas naegligiols YUstuens



Step 1: Measure Right Turns

Right turns: Need to be collected in field




Step 2: Calculate Through Movements

Through movements:
EB ITH=EB En £+ WB Ex - (EB R + NB'Circ + NB' RT))

S8 =)
28 R

WEIEX

NE RIF
N& Cire



Step 3: Calculate Left Turns

_eft turns:
EB LT = EB En - (EB TH + EB'RT)

U-turns =0

EB )

S8 =) =3 L

S8 KT



Example: Existing Roundabout

Roundabout Turning
volumes moeVvements

045 =) ?,
" \ ~
I 2
4
- 410)
RiI=12s o
5 S oo
&

90

G

520

R



Step 1: Measure Right Turns

Right turns: Need to be collected in field

o0

o O O
2N
795 RIE95
5(\ 1% 95
© < 7 ~
X S0 > 2
945 =) ?,
“"j 1)\) 0
Y2 125
S 0410
=125 o s
< O O
o)
<N
/m

R=30



Step 2: Calculate Through Movements

Through movements:

EB TH = EB En + WB Ex - (EB RT + NB! Circ + NB'RT)
— 645 + 620 — (125 + 640 + 50) = 450

645 =J 450)
2N\ 1A
I 25
= 0410)
=125 o .
O " S ID

520
RI[=50



Step 3: Calculate Left Turns

_eft turns:

EB LT = EB En - (EB TH + EB RT)
— 645~ (450 + 125) = 70

% 310 510
. 7 175
945 = 450
~ | \) _.!'5\)
9 ) 123
- o940
[ =) g‘l’ 5 PN
Rr=125 o -
& CO/ODILD)
)
N
/e’a

RT=50



Solution: Existing Roundabout

Roundabout Turning
volumes moeVvements

Q45 =3
2 :‘»?3 2)Y) 4’:5 0
00 P 125
ov4
- 410)
RI=125 S
() coo
& <9 o) Ty)
o @
N B
)

R



Other Field Evaluation

e Delays and queues can be measured
directly using|standarditechnigues




Cconclusion

o Operationallanalysis

— (capacity
= [peiay

— Quaijrej

S (CONVENSION IO AUGIITENTIGVEIT ENUSHO)
rotiniclzigout voltpas sifld viea versza)

o Figld 2valuzition of eornalsise]
rotnclzoouts cqooc for oafors-ciiar siycjss



