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Table 2.1: Concentration of design features of the various kinds of roundabouts
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Figure No. 2.1: Range of existence of different types of roundabouts
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Figure No. 2.2: Determination of justification for transition to double lane
roundabout in the Finnish Guide
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Table 2.2: List the advantages and disadvantages of the double lane roundabout

nnmam

nmIoN

O AND

mmnp 99910 mopn *
NMI DY INNYNL VPYINPN
2591 95 995 Pa OYNIPNIAND
NNIN DOVNRNVYHMN

Ny YN mvnn ¥
ONONN 28N NMINY NONOa
IN2>202 NNINNN 90N

ANY 19N NINNND NN *
NMIND TIVMINDD  INNIND
OND DI 257 YD NNONHN
DMWY VWYPY INY YN 28N
NVONNY YHNDY NNIND N2D2
.NYNANN NY2 INY NVPIN
INNIND MININD NN PR *
999 NNINA NONNPY NN

VNN NMIN DY NN *
5S¢ OYMMVIN DIWIN
mNa Ty DN DIWNN NDINN
MON DY DOYAPY IWONY NINND
VN NN

MIYHD DI MPTH Nana *
AN 921D NN 1N IM-NT
DINNS DNMN DY MDD N
DMON DMIAIPNNY DMNII0N
LIND 990 DTN A8N
OVPYMPN MTPY Neon *
9T 1N YM-YT OYIVN NMINA
YDM-TN M2IYN NNIND NNNVWNA
MO AN NP DTN PRY
IN25102 NNINDD

mnoa

NINY 2NN NNNND INHND *
NPI¥ VN NNINA AN Y
DY IXNYNY ODM-IT DN
P2 DNPSY 20970 OYD MOVNN
WON YN MPNAY MNNIN
IWON 9901 M Yapnnn
mOHH amy VP Hapd
YT OTHYN NMINY NP2
.DMIMIN DINNY DY RNV

v 5551 o»oyn oonpya *
MY 55D Pa NMIDTY PNY
10251 NP NNNON Y 199
oyNnNn noya nwvan Yv

JPURIN

nNnap

2DMNN MNS SH1d oy F
IUND VN NNINA Hapnnn
Y YN NMY  DXONMNN
NY DYPN IPOYA INNN NN
SYT O9YN NMINY NDMNO Y
Riabiab}

DY PR IURD DPN Mywa ¥
N NMINA L, NYNNa
DOWIND 257 DY 1Y DI
NONDD NN T DY NMIND
NN NYMNY TY MONY DNIN
NN PN DN IDON YN
NN MY NTHNN

nms oy NN *
DO TYN NI DN OININNIND
N YNNI NVOIN
mMPNHN NNY DMN \NINDN
a8n OYNN NMINY NoMNOa
PN OIUND DY DIV
.DNDNIY NTNNN NYNN

952 YN oMy v owno ¥
SYTD 9NN NNIND MYNN
DL ,MUMON Y52 M PN
YOP N o1 DINY 259 YO
0N DNMIND 120 THNN as8n
MINKD MY G0N 21Dy

D%

12




INNYN NNINS NINXRD MY *
B2VA) NANR T XS | Va ) in Pa N )V a DN 5)
MDY PPN OYRIPIIND
DN 92T N33 NP MNNND
N22021 NMIDNI INY AMIPNNIN

DNV TN OV NN

YN NMIY YY1 My *
TN1NA NN INY NYNY N9
PNV NMYN W IWUND

DWW YD)

M9 DIT) INY NLY wNT *
) TP PIITH INY AN DY
NPYH DYNY DI YINIAT MYV
DNIND DIVIN HDO YMNIN

moy

nLP  NMPNNND NN *
OOwNn NMSN N0 INY
.DYMNPVA AN DI IO
MON Pa VPYMPN NP *
=YT ODIYN NNIND 259 YD D
DPMPN NYNYD MNS DN 2PN
NPPOHD  IONIPNIANP NNINA
77 Py NoN Yy onv
NYA NI TAN NPOI NYNNa
999 NNINA 28NN MO DI

51von NPNY 91 NYNPNN ON ¥
NDYD Yy DWIN DY) HAYN NN

D99
ANY M-TN YN oIy F
NN AUND N Tonb mva
P Y53 THN NYNN DI NON
ONNN PT D) INPHN TIT

f=hiank!
MYIN P VPYAPN MNPY *
NN INY 91T 299 Y Y

P2RREFAN

9NN YNN-YT pea\V)a)
TN YN NN MYapnnn
221

11212 PMNYVaN Nryan 2.1.3

NIV NYNNN YR DRIY DY N1 1P 27NN DXNNYD IYNNN ODYN PNIND NN MY
2N DY IT N RYNN DY NTNRON NMIPY D) XD NMITA DMNMWRIN D2HNN N1sD 1»vnn 90-n
MNADN IPO 1P, )0 DY .NINIY 1D N2T DTN NDAPN WINPT OWIR DY 1T 1) ODIN

27NN NNPHY N OV D

Roundabouts — Informal Guide 2.1.3.1

INPYINND THONN PO ININ NMINDY MININ N ,9952) DY MM IPO NXR DINNN TWND
NYIA ZWWUNIN PPN SpHnn X0 At 7oon . (1 n7n) Roundabouts — Informal Guide

Sv ¥ 1979 FHWA-n n%own ny 90-n nnv N nna 270982 759 0NN 9TYNa TWUNRD
ANYNL 29 1D YT 1IINY MININD DININDIA DN

N2 YIDY WY 19 DY D2WN YIANI2 NNMP MO0 IPOY T2 PON WITPN XY THONN
JPRUND

MNIND NV

DYMMNOVI DNIMARN VYA K955 NON DIVHIYN D DY NN DMM-YT NYNN ODYN XYM
YN HY ONNNDON APY ,NNT DY TN 2N 72 DOVIWIN DIHYNN YW NOND OpHN OIT
AN DN NNOY Y1DDNI D220 DINDDN D) PADY TN ¥ DD NDMD

13




25% 5w 9y N 775 10,000 Sw oy yXIm DI N NIY OV MYNIND DTN 79y D)
12 10 VLPYYANPN MTIPI NN .DMIVY TAND DXVTN NN DINTIN TURD DI DY NNINNI
D301 NY) YXN) DIV TUNRI TIMYNYN NITI 97N D12 I DNNXY PIAY 97

D8 TNN 2213 )2 DXYIYNL DINMP DINY DX23M) Y1110 DOYIYNA DIIOPN VPPYINPN IND
APN9 2.3 9182 DNXI NN .NNDI KD 7179 DIYNIN IN NI NDN M2 DIVNNVN DN TWUND
D) XD VNN NON HY IXRNIN NPNY D917 22N 1123 XD YIDWN NNINOY NONX TNPNI
ND MM 9NN DY IN DIYNY DXDIIN 2570 NV DI HYW N T N NP DI TVAND 1IN TUN
1Y N0N DDIYNI DM

ANNN DI¥N2 DIIMVY DIV :2.3 7ON MY
Figure No. 2.3: conflicts generated in roundabout
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Figure No. 2.4: Vehicle - pedestrian conflicts in single lane roundabout

2 Vahicle/Pedestrian Conflicts

® Vahicle/Vehicle Conflicts

GO0 ,ToN NINSIND L7010 N 297D YD DMNN 120D IWAND I ,NYNN ODHyna
.DNYDI NIIXD TYNI DNVLONNA MNON DMINN 1IN DY DVPIIAMNPN

MBNT M DOYHIND DMNN 1101 YAV PN ONAY 1IN OOM-YT NYNN PYHyNa
20¥NNN NNRKY NYNN DY 1PV NON DY TTINNN

93NN 95 NOITNN DY DYDY IMYO A7ND NYNN DIVHNI DDNIND DMNNN DY TUND
.MOITN I7NY DN MODN VPOV MITIPI MNP PINKY WD NITN NINKD DYTIM

NYNN OOYN HY DXHI1ON MNXVIN MNNAY TWNI XD DINIDH MNKNN NPPVLDVLVLD NI
,TIZOMPY NN WPRY NMIRND OND ONNNN 1910 INKD 27NN 991D MNY MNINI
MOIVOIN

49933 M7 9771 DN MIND
NMPIXN YINNY NINI NNPIXT MIYD NNIND T9D1 SNNNI NMINND 19010 NN N8N 2.3 NYav
MY Y93 .01 190N DY DI NYNN YN THX XN DY MNP NYNN 2Hvnd 59

1MW 295 ,09IN) 7292 P NMINNY DN 9PN NT DIPYH DOYIYNN MND MY MNIY
.DXXN) Y2190 DYIYNIY NN DODM-TN DX9HYN NN PA WS DIP MNIY

15



.DYM2) DY NON DMWY 11V NI ,MDIVDINI MPPVLDYVLOY RNV
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Table 2.3: Average number of accidents in U.S. intersections
converted into roundabouts

Before
Type of Roundabout Roundabout Percent Change =
Roundabout Sites Total Inj.? PDO* Total Inj. PDO Total Inj. PDO
Small/Moderate? 8 48 20 24 24 05 16 B1% 73w -32%
Large? 3 215 58 157 153 40 M3 -29% -31%  -10%

Total 1 93 340 50 59 15 42 «37% -51%  -29%

fotes

1. Mostly single-lane roundabouts with an inscribed circle diameter of 30 to 353 m (1
2_Muliilane roundabouts with an inscribed circle diameter greater than 50 m {165 ).
3. Inj. = Injury creshes

4 PDO = Property Damage Only creshes

5. Only injury crash reguctions for small/maoderate roundabouts were statistically significant.
Source: (9)

YNN 2PN MPNN INKD DINNNI MNINN DTN MM IX NV 2.4 1YL

NYNN 2H¥N 1PN DN DXNNYI INY NI DTN NN DIYIN NINN 190N 712D PINY 9D
DMNPY XY DINNXIA INY NOYTY NYNR OIND NIV HY NNNNN ,12-1D . T2D2 P NIRD IWUNNI
DY DINNNI IWUNRND

ANNON AN NONN AN DN NI KY MITVMIND 1NN IPY DI MNNNNN POM o
1ODN
T 19012 NMINY D397 MNND 19012 NN 1199 :2.4 701 NYav
AN AP MPNN INNY

Table 2.4: Average decrease in number of accidents per intersection in several
countries after installing a roundabout

Mean Reduction (%)

Country All Crashes Injury Crashes
Australia 41-461% 45-87%

France 57-T78%
Garmiany 6%

hatherlands 4T3

United Kingdorn 25 - 39%

United States T3k 315

Source: {2, France {11)
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Table 2.5: decrease in accidents by type in various countries

Type of Crash’

Crash Type of Entering- Single

Country Description Roundabout circulating Rear-end Vehicle

Australia All crashes Single and 51% 22% 18%
multilane

France Injury crashies Single and 37% 13% 28%
multilane

Germany All crashes Single lane 0% 28% 17%

Switzerland All crashes Single and 469 13% 35%
multilana

United Kingdom  Injury crashes Single and 20-71% 7-25%  B-30%
multilana

1. Perceniages do not necessarily sum o 100% because only three major crash categories are shown.
Source: {10}

PIRDD IO

1N NPYODILLD .AYNNN ITIYNI PP NMNIRNN OND VI NN PNAY DONINNY TRD PYY
DIV NN ,TPIIVDIND IOV NI

939 999"
P )N DOWIA) DY N MNRND NN THPMYNYA DNNANI DYNN DN NIPNN 12D PINY 19D
2159-°95 PaTada
PV NPPODXLLD IRNNY 9D, NIYIN DHYN TPINYI NND 17N MNNN 9PN DIV NNN)
DY) DXNNYY NNNVYNA D2HYNI MNNAN NMPNN DY 1M 1271 .2.6 1YV NVNIN
NMIXAY DD NN JOP 730 17N P2 VPPN MTIPI MNOY oY MTIN NP D) 12TH
oM
09912991 NYNN 2PN N2IV922 Y9 999N MNRN INYVY :2.6 7oNn NYav
Table 2.6: Rates of pedestrian accidents in the UK roundabouts with traffic

lights
Pedestrian Crashes
Intersaction Type per Million Trips
Mini-roundabout o3
Conventional roundabout 0.45
Flared roundabout 0.33
Signals 0.87
Source: (1. 15}
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Table 2.7: Rate of pedestrian and bicycle accidents in roundabouts and
intersections with traffic lights in Britain

Intersection Type Bicyclists Motoreyclists
Mini-roundabout in 2.37
Caonventional roundabout 279 267
Flared roundabout 785 33
Signals 1.75 240

Source: {1, 15)
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NIMNNN NYY NPND DNYOD DOTIN 27NINT ONIMP PN RD ,NT THON MION P D)
MYIND OOTINY DT TINN IURD ,TMINK MPTN DY NORI NN TIAD) NYNN PoHvna
MLV NI OZHIN MYAYN 2PY NNNDN NI NANN NN NI DXAPYI NIINL DN MINN
DMVNIA HY TPON> NYAYN P2 IRNYN DYDY Iy wnvwd D1 DI DTN )50

N2 NMINNN WOV DY NIINN DY DINY

(6 1979) PHINN ND KD MV INMA YR DTN DHNIN 2.5 - 2.1 MNNVNI

Entry-Clrculating: 51 (2.1)

1

A=0.05200" expi—40C_ + 0. 142 — 0.007ev — ————
i e Y Tk expldR— 7)

+0.2P, - 0.016)

where: A = personal injury crashes (including fatalities) per year per roundabout
approach;
Q, = entering flow (1,000s of vehicles/day)
Q, = circulating flow (1,000s of vehicles/day)
C, = eniry curvature = 1/R,
e =entry width (m)
v = approach width {m)
R =ratlo of Inscribed circle diameter/central Island dlameter
P_ = proportion of motorcycles (34)
8 =angle to next leq, measured centerling to centerline (degrees)

Approaching: A= 0005707 exp(20C, -0 78] i5-2) (2.2)

where: A = personal injury crashes {including fatalities) per year at roundabout
approach ar leg;

= entering fliow (1,000s of vehicles/day;

= entry curvaiure = 1/,

= entry path radius for the shortest wehicle path (m}

= &ntry width {m)

)

RS

W

m

Single Vehicle: A= 000640 expl25C_ + 0.2v—45C,) [5-3] (23)

wihere: 4 = persongal injury crashes (including fetalities) per year at roundabout
approach ar leg
0, = entering flow {1,000s of vehicles/day]
C, = eniry curveiure = 1R,
R, = eniry path radius for the shartest vehicle path {m}
¥ = approach width {m)
C, = approach curvature = 1/R,
R, = approach radius {mj}, defined as the radius of & curve between 50 m
(164 i} and 500 m (1,640 ft) of the yieid lina
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Orther {(Vehicle): A= 0006407 exp (250 + 0.2y —45C) (2.4)
where: 4 = personal injury crashes (including fatalities) per year at ro

AppToach or leg

0. = product 4, O
0, = entering flow (1,000s of vehicles/day)
0, = circulating fiow (1,000s of vehicles/day)
F. = propartion of motorcyclas
Pedestrian: A= 002907 (2 5)

where: A = personal injury crashes (including fatalities) per year at roundaboui
approach ar leg

5] B A o R R
e = PIOOLTL Ly + gy

Q. = entering flow (1.000s of vehiclesidzy)

0, = exiting fiow {1.000s of vehicles/day]
. = pedestrian crossing flow (1.000s of pedestrians/day]
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i (2.6)

th

A =18 I = 0" x L (S+ASIE /R

and
A= 1.78x 107" x 0™ x Lx S+ AS™ /R (5-7) (2.7)
where: A_= e number of single vehicle crashes per year per leg for vehicle path
segments prior 1o the yield line.

A_ = the rumber of single vehicle crashes per year per leg for vehicle path
segments after the yield ling

O = the average annual daity traffic in the direction considered—one way
traffic only (vehid)

L = the length of the driver's path on the horizontal geometric element (m)

5 = the 85ih-percentile speed on the horizontal geometric element (kv

A5 = the decrease in the B5th-percentile speed at the start on the harizan-
tal geometric element (km/h}. This indicates the speed change from
the previous geometric element.

R = the vehicle path redius on the geometric element {m).
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Table 2.8: Rate of accidents before and after the installation
of mini-circles in Germany

hefore after (Mini)
accident rate AR 0,79 0,56 acc. / Mio veh
accident cost rate ACR 947 3191 €/ 1000 veh

1931953 DVPNIP TITIPN NMPNN SINN) 5395 MNXRN NYY :2.9 /0N NYa0

Table 2.9: Rate of accidents before and after the installation
of compact roundabouts in Germany

before after
AR ACR AR ACR
Brilon, Stuwe [4] 0.97 14.77 1,62 136
Baumert [§]
urban 0.53 6.02
rural 0,74 10.06
Meewes [0] 0.92 8.0
ace/10° veh £/10° veh ace/10° veh €/10° veh
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Figure No. 2.5: Example of overlapping between adjacent paths
in double lane roundabout
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Table 2.10: Lane position options criterion

Score | Lane Position Score Lane Position

Lh

0 Out of left-lane to left Right-lane encroaching on left-lane
Encroaching on left-lane edge Centered in right-lane

Centered in left-lane Encroaching on right-lane edge
Left-lane encroaching on right-lane Out of lane to right

Straddling lanes

Ja D b —
0O~ o

Direction of Travel
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19953 NN LIND ©MYNN DINWHN 1IN DTN MNXN MNWWY 85-0 PHNKD NN
a1 My 98-2 .mvt 3 M2 opdm Mt 4 "1 opoN 27NN AN Y51 ovn 26
MINND ONYOY DTN MNAY Wy M 80-1 mM1NNN DTN MINAY WIWY MTTNHN
VYNNI DOONIN NNDINN DYP NINN PTI)

MINID PNIN P2 ,IND ,DIIPN DIDTIND MY INTID NPINDY MDY MYNNNI )90 INND
IYUPN NNDN2 DXNNN DTPN IUNRD POX NYHIN MPNNY NON SNYAN MINWNI Divnd Nwna
NINNN MNYN AWUNRD 9NN MNWNY MON MNDAN MNYNN P2 TIND M) ONNND DY Wasn
LDMYNIN DMINA NIA0MN

:92PNNY YTINN IR NIRNN 2.8 DNNIWN

AppSpd = 0.0334x [nterSD (2) (2.8)

where:
AppSpd = 85th percentile approach speed,
mph

InterSD = Intersection sight distance, fr.

YT .NYMNA MINID PNINI NTID W DN NOTY IWHN MPNNY D DY WIaNN SN
£ T2 NI NXINY MININ PNINA 239N NN MPNN SY MYNY (2.9) S1in nms

EntSpd = 0.0212% InterSD (3) (2.9)

where:
EntSpd = 85th percentile entrance speed,
mph
IneerSD = Intersecrion sight distance, fr.
M2 MPNM HYa MY 9T 9N
220N 250NN HY MININ PNINA NONIN MPNN MOND STIN — OOTINND INMI ,)3-1D

1(2.10)
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EntSpd = 0.1429 % CirSD (4) (210)

where:

EntSpd = 85th percentile entrance speed,
mph

CirSD = Circularing sight distance, ft.

TH> D) 22101 I1D0N2 MXIN PNIND DY) NMININ PNIN NN MPNN MDY TN 19)
((2.11)

EntSpd = 0.0112InterSD +0.0553CirSD  (2.11)

{3)
where:
EntSpd = 835th percentile entrance speed,
mph
InterSD = Inrtersection sighr distance, ft.

¥
CirSD = Circularing sight distance, ft.

NI OPNIN MNWYD YW DN NDNON MPNN DY) DY WIANN DOTINN 9
MIXIN PNINI MOND NOIIN NMVNND NN MIPNN P2 WIND 5TIN TYNNI NMI ,)3-1D
1DINVNN P2 M) ORNN DY ¥1ANN 0) NNV (2.12)

DiffSpd = 0.01204 X InterSD (2.12)

where :

DiffSpd = Difference berween 85th per-
centile approach speed and §5th per-
centile entrance speed at roundabout
entrance, mph

InterSD = Intersection sighr distance, ft.

215002 MININ PHIND NDIIM NLYIN NPIVPNN PA YIN P2 IWPD KIN NMAY 90N ST
:(2.13) 2200

DiffSpd = 0.0071x CirSD (2.13)

where:

DiffSpd = Difference 85th percentile ap-
proach speed and 85th percentile entrance
speed ar roundabour entrance, mph
CirSD = Circulating sight distance, fr.

NN PN MOND NYNN S2H¥NI MNNKN NN DT 3 INMI 1D 1Md
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Ent Rear = 0.0031x CirSD 8 (2.14)

where :

EntRear = Entry, rear-end crashes per
year
CirSD = Circulating sight distance, ft.

9901 DYAYIVN DN DODTINT TYND IN 112 ONXNN DY ININ DT DTN HY HVDVLVLD NIN
DNINDD NYOY NN DN IND DINWN

: VDY ITIIN APY MNKN NN DTN

Loss = 0.002 % fnterSD ! (215)

where :
Loss = Loss of control, crashes/year
InterSD) = Intersection sight distance, fr.

WYY DTN INTY DTV AWNNNA TNPNA NDN KDY NONN NINWNN M12) DXRNND DY WIANN D)
T2 0N N2 Mnwn LY
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Ny

:NMINNT D TO NN NHINY MINDY DTN NN NPINDD MO NIIYA

TCrash = 0.0058x CirSD (I (2.16)

where :
TCrash = Total crashes, crashes/year
CirSD = Circularing sight distance, fr.
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Figure No. 2.6: Summary of all observed accidents

200
180 ==
160
140 [
120
100
80
aln]

40 —
= 51 8

) = = —r
S A

&
o =) qtb

Crashes

Crash Typa

| o Single-Lane @ Multilane |

Figure 4. Approach-level crashes by type.
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Crashes/year = exp(Intercept)- AADT® exp(X, +---+ X,
{3-1}

where
AADT = average annual daily traffic entering the inter-
section
X,+--X, = independent variables other than AADT in the
muodel equation
b, = calibration parameter
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Figure No. 2.7: Geometry in the ""natural paths of vehicles™ method
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by b
A= byx" x;*

:NavY

A is the annual mean number of accidents
Xn is the average daily flow of vehicles, pedestrians or cyclists
ba are the model coefficients
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,INDY NNAD YO PORY TYWY ¥IND 0PDY HVINY DMIMOIN NIAYY NOND ITINN NMINNINND
MXHIND DY Y$I2 YUYV NN NP> NNAD DIOYY NONY I PYNND DPYYY NON
AN MINNN 2.11 701 1520 . MNSIND MPNAM NYAPY
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Table 2.11: Impact of marking and signing on inner lane selection in the circular
carriageway for taking left turn

Advonce Guide
Sign Condition

Pavement Marking Ln::gzm Between-Condifion Comparisons

Baseline 71.7% | No pavemnent mn.rking presence

{WN=113) | (as experimental reference].

Convennoonal 726% |No swansdcsl difference from baseline or
Through-Lefr Tum | (N=117) | fishhook condidons

Fewer correct lane-choice TESPONses than

Convenoonal 51.7 %
Convenriona Through-Only | (N=116}

other tested condinons (o <01 ) Lower

confidence ratings chan hassline (o <. 05).

Conventonal 74.1 % | Mo scaristical difference in correct lane-
Lefi-Only (N=116) |choices from baseline condirion.
i A larger proportion (ot <.01) of correct lane-
Fishhook '\'—-l 1."- choices than through-only marking. Fewer
s | R {0t <.01) than haseline.
| Fewer correct lane-choice respanses
; 59:1 9 ; ]
Baseline T (0t =.05) than corresponding baseline
(N=115)

with conventonal guide sign.
Convennonal 70.1 % | Mo seariseical difference from lefe-only or
Through-Lefi Tumn | (=117} | fshhook marking condidons.

Curved-Scem Convenronal 53.9 % | Fewer correct responses (0 <.01) than
Arrow Through-Only (=115} |other t=sted condirions
Convennonal 72208 | Naot searistically different from chrough-l=ft
Lefr-Only iN=114} |mrn or Ashhook marcking condirions.
75056 A larger propordon (@ <.05) of correct
Fishhook {\'=-l i6 lane-choices than Bascline and chrough-

only markings.
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Mm%y 2.3.1
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7°3903-11 99992 Y2710 2157930 19IN :2.8 7on Y
Figure No. 2.8: Customary way of lane marking

in double lane roundabout
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Figure No. 2.9: Roundabout without marking
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Figure No. 2.10: partial marking in the circular path
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Figure No. 2.11: Marking from/to approaches/exits only
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Figure No. 2.12: Continuous marking towards main exit
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Figure No. 2.13: Continuous marking inside roundabout

and from approaches to exits

D) 919752 %0WNN 1IN DMP N3 NIPNI — MINOY MDNI PN 15902 %DOWNN DD e
NYNND PNIND NNMY TD NININN NDNION MY D2 DXVIIN 2 P2 NPIYNY XON 1IN
DT POV 1N .DINRT MYYD DNIN NN 1INNIN DYIN DXDN) 2 -2 NNYDY DX 2 -2 DINY
XM DT N0 .OTIPN NTOY NNITA NPYIYOM NPMNOLA NPYID) NNIAN ON DN DD
2.14 on 982

MY 9T I PAY IRNYNA DYHN ODYNI MNLIAN IR AN (19 N7r) MINK NTAY
.2.15 932 wnnn 022 HTaNN IWRD NVIAON NON

42



ANIY DD MPITY 22101 550N PYNN 2N :2.14 700 Y
Figure No. 2.14: Dividing marking in circular path and approaches

and exits

ALY 29N Y I3 5239 21993 :2.15 7on 9
Figure No. 2.15: Conventional marking versus Alberta marking

(a) Conventional Marking (b) Alberta-type Marking
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(PNNN DIPN) MNP AN NYD NPTIN

029X NMIYY 5939 21N INSYIN VPIIONPA NPYTPN Mt 280 :2.16 O Y

Figure No. 2.16: Right of way state in exit conflict in conventional marking
compared to Alberta-type marking

(a) Conventional Marking (b) Alberta-type Marking
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Figure No. 2.17: Cells indication in the roundabout
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NVI2YNR NPNY NNINND Y MNY N1 YININIVID VPIYANP :2.12 7o NYav
Table 2.12: potential conflict of varying degrees of compatibility standards of

Alberta
Off-peak Hour
Data Criginal With conversion
Alberta compliance 39% 38% T6% BB 100°e
Potential conflict 26 24 20 20 28
Peak Hour
Data COriginal With conversion
Alberta compliance 38% 7% T5% BEM 100°%
Potential conflict 36 34 44 A 32

YNPNN NN HY FININIVIDN VPIVANPN NV9D :2.18 7o Y
Figure No. 2.18: Counting the potential conflict of the original flow
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JINT MWYD 3D PTHRNA »IN 257D
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Figure No. 2.19: Example of Dutch "Turbo roundabout™
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Figure No. 2.20: Regular lane division signing in roundabout approach
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Figure No. 2.21: Lane division signing in approach and within the roundabout
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Figure No. 2.22: Lateral guide signing options in approach
to double lane roundabout
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Figure No. 2.23: Overhead guide signing options in approach
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Table 3.1: Types of existing roundabouts in dual carriageways in
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Figure No. 3.1: Existing dual carriageway types of roundabout
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Figure No. 3.2: Sketches of roundabout types and their distribution to space
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3.4 701 nYav
the observed intersections

-
.

198V DNNNI 0NV DIWIINN HNPVYA

In

List of events and their details i

Table 3.4

VINX 210 pI'0 N¥awn |nN n¥avn YNX nian| 2231210 Xx2>1210 Ik amM ynNt| yaxaxn| yinx nywoxn xn 2a1n 1ainn 2y| nnix alo| nnix ‘'on

X |B7 B7 |'a'n nopy ‘019 ‘019 ' nx 2N 13:46:00001.12.10 1T )N nxi | NPV AR 1 1

X |B7 B7 |'"a'n no'py ‘019 '019 ' Ry anaf 14:52:18(01.12.10 TIT )N nx | NPV IR 1 1

21017 21 |nn 'R JA6 C6 ‘019 ‘019 ' nx anaf 14:51:58(01.12.10 1T )N nxif NPV IR 1 1
2017 2"'1 Inn 'xJA6 B7 ‘019 0onIvIX ' nx anaf 10:27:30002.12.10 noaANTY nxi | NPV AR 1 3
N'TX NiTxn [B7 B8 ‘019 ‘019 ' nx anaf 07:58:50(02.12.10 noaANTY nxi | NPV AR 1 3
N'TX NiTxn [B7 B8 ‘019 ‘019 ' nx anaf 08:00:40(02.12.10 noaANTY nxi | NPV AR 1 3
N'TX nitxn |B7 B8 ‘019 '019 ' Ry anaf 08:01:02(02.12.10 woaNTY nx | NPV IR 1 3
N'TX nitxn [B7 C8 ‘019 ‘019 ' nx anaf 13:48:38(01.12.10 yaruop nxif NPV IR 1 5
nanni nimen |A7 B8 ‘019 ‘019 ' 02Ty anaf 15:41:31(02.12.10 027TYW| I9¥N N9 | K'Y X 1 7
NX A2 C2 ‘019 ‘019 Rkt |nx ana| 16:17:52129.11.10 7y |nx DRui 1 12

a'nm nann jAl B7 '019 Nl 171 ana| 07:47:10001.12.11 797 71 NN 5 15
a'nm nann JAl B7 '019 N 71 ana| 07:47:25[01.12.11 79 71 NN 5 15
a'nm nann JAl B7 '019 N 71 ana| 07:47:42(01.12.11 797 71 NN 5 15
2'min nan JA5 A7 n'RuUn 'l [wny ana| 13:49:55108.12.11 nar [wny no'n 3 20
2'Mn nann JA5 A7 ‘019 Rkt [Ny ana| 16:33:11)08.12.11 nar [Ny no'n 3 20
nIxNo nn'7al 7'1]A6 B7 ‘019 ‘019 plk! 0’0101 ana| 14:55:00)09.12.10 0'12101 nn4an no'n 1 23
1017 27 nn 'x B8 C9 '019 '019 pyn| 'poainixvu 2N 09:50:43[07.12.10 N9IX¥ 1NT| 'P02ININXVY no'n 6 24
1017 77 nn 'x|B8 C9 '019 '019 pyn| 'poainixvu anaf 11:58:10(07.12.10 N9IX¥ 1NT| 'P02ININXVY no'n 6 24
21017 21 |nn 'x|B6 C7 ‘019 ‘019 DIv2a 022NN ana| 15:54:54107.12.10 1nni R 022NN no'n 5 25
2'min nann JA2 A7 n'NXUN [a]192} b anaf 12:57:03(07.12.10 qITI70 by no'n 2 26
X |JC5 Cc2 JINXY7 NY'0l '019 '019 [a]192} b 2N 13:47:09(07.12.10 qIT70 b non 2 26

2'Min nann |C2 C2 ‘019 ‘019 Rkt n'7vnNe ana| 10:52:30)08.12.10 7y n'7vnNe o' Ny 4 28
2 nan |C2 C2 ‘019 ‘019 'l n7vnNe ana| 10:53:25]08.12.10 7y n7vne o' NNy 4 28
2'Min nann |[D2 C2 ‘019 ‘019 'l n"7vnN ana| 10:54:35]08.12.10 7y n"7vnN o' Ny 4 28
2'MIn nann D2 C2 ‘019 ‘019 Rkt n'7vnNe ana| 10:59:39108.12.10 7y n'7vnNe o' Ny 4 28
2'MIn nann D2 C2 ‘019 ‘019 Rkt n'7vnNe ana| 11:38:22108.12.10 7y n'7vnNe o' Ny 4 28
2'Mn nann D2 C2 ‘019 ‘019 Rkt n'7vnNe ana| 11:49:29108.12.10 7y n'7vnNe o' Ny 4 28
2'Min nann D2 C2 ‘019 ‘019 'l n7vnNe ana| 11:52:14108.12.10 7y n7vnNe o' NNy 4 28
2'Min nann |D2 C2 ‘019 ‘019 'l n"7vnN ana| 11:53:27]08.12.10 7y n"7vnN o' Ny 4 28
2'Mn nann D2 C2 ‘019 ‘019 Rkt n'7vnNe ana| 12:00:35]08.12.10 7y n'7vnNe o' Ny 4 28
2'MIn nann D2 C2 ‘019 ‘019 Rkt n'7vnNe ana| 12:10:01)08.12.10 7y n'7vnNe o' Ny 4 28
21017 2"'1 nn 'x B4 C3 '019 '019 Q' nn7o anaf 11:20:29(08.12.10 127 pny! nn7o o' Ny 4 30
2 nann jJA7 D5 ‘019 'l o'xInwn ana| 09:38:32]09.12.10 7R N O'XINYN | I'PXIn g 4 32
2'Min nann |B2 C7 ‘019 ‘019 'l 2 ana| 09:25:30]09.12.10 o'XInYn N2 2] I'pxim nng 5 34
NI NN NN ‘019 ‘019 Rkt N2 ana| 11:20:52109.12.10 0'X1INYN N2 2] 'pXin nnp 5 34
21017 ¢2"'1 nn 'x|B7 D7 ‘019 ‘019 Rkt v ana| 08:28:44115.12.10 T W' N 5 38
2'MIn nann jA4 A6 ‘019 ‘019 e B S UIT)] ana| 13:26:28]10.01.11 7| v X 28D 2 39
NX JA3 B2 JINXY7 NY'0l '019 '019 pwn| xR anaf 11:01:20010.01.11 7o nE| 7xwr K 28D 5 40

nx B4 D3 JINXY7 NY'0l ‘019 ‘019 pvn| 7w R anaf 09:10:13(11.01.11 o[ MY XN 2NN 4 41

n'T¥ nimxn |C7 B7 '019 '019 TN 7w R anaf 11:28:48(11.01.11 noTI'| X 'R 7X'md 1 42
n'T¥ nimxn |C7 B7 '019 '019 TN 7w R anaf 11:49:42(11.01.11 noTI'| X 'R X' 1 42
2'min nann JA2 B8 '019 TN 7w R 'nT| 13:16:55]12.01.11 2N Tin| xR 7X'md 6 43
2'min nann |A2 B8 '019 TN 7w R 16:15:15)12.01.11 2N | 7y 'R X' 6 43
2'min nan A3 D9 '019 TN 7w R 12:51:55]12.01.11 2N Tin| 7y 'Kk X' 6 43
2'min nann |JA3 D9 '019 TN 7w R 13:08:45)12.01.11 2N Tin| xR X' 6 43
2'min nann JA3 D9 '019 TN 7w R 13:14:50)12.01.11 2N Tin| xR 7X'md 6 43
2'min nann JA3 D9 '019 TN 7w R 14:18:05]12.01.11 2N Tin| xR X' 6 43
2'min nan A3 D9 '019 TN 7w R 14:38:30)12.01.11 2N | 7y 'R X' 6 43
2'Mnin nann JA3 D9 '019 1| 7w R 14:47:20]12.01.11 N0 Tin| xR 7X'n1d 6 43
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2'nin nan A3 D9 '019 N IR R nnT] 15:15:48]12.01.11 XD T | v Ren 281D 6 43
2'nin nan JA3 D9 '019 | R R 'nT| 15:19:25(12.01.11 XN T [ 7w Ren 78M1d 6 43
N'TY NITnxn A6 C7 ‘019 ‘019 ' 010N N ana| 02:10:54]12.01.11 NI7TDUR 07dN N2 781D 1 47
2 nann JA5S D8 '019 n'xun A Ny nun ana| 11:42:35]13.01.11 7RVIT| PNt nwn| ' nxa 5 48
2'min nann jA4 B5 ‘019 ‘019 A Ny nwn ana| 01:05:40]13.01.11 720 7| pnyt nun| N nava 5 49
2'min nann A4 B5 '019 '019 A Ny nun ana| 01:12:20013.01.11 720 7| pny n7un| N7y nava 5 49
2'man nann jA4 B5 ‘019 ‘019 A Ny nwn ana| 01:13:46]13.01.11 720 7| pnyt nwn| N nava 5 49
2'Man nann |A4 B5 '019 '019 2| oyt nyn ana| 01:22:06]13.01.11 2720 7| pnxt nvn| n'7y nva 5 49
2'man nann jA4 B5 ‘019 ‘019 A Ny nwn ana| 01:24:07]13.01.11 720 7| pnyt nun| N nava 5 49
2'nan nann |A4 B5 '019 '019 | oyt nyn ana| 01:27:09]13.01.11 2720 1| pnxt nun| n'7y nva 5 49
2'min nann A4 B5 '019 '019 A Ny nun ana| 01:32:50013.01.11 720 7| Eny n7un| N7y nava 5 49
2'nan nann |A4 B5 '019 '019 | oyt nyn ana| 01:37:08]13.01.11 2720 7| pnxt nun| n'7y nva 5 49
2'min nann A4 B5 '019 '019 A Ny nun ana| 01:44:21]13.01.11 720 7| pny n7un| N7y nava 5 49
2'min nann jA4 B5 ‘019 ‘019 A Ny nwn ana| 01:52:10]13.01.11 720 7| pnyt nwn| N nava 5 49
2'min nann A4 B5 '019 '019 A Ny nun ana| 01:52:26]13.01.11 720 7| pny n7un| N7y nava 5 49
2'nin nann A4 B5 ‘019 ‘019 A Ny nwn ana| 01:57:06]13.01.11 720 7| pnyt nun| N nava 5 49
2'nan nann |A4 B5 '019 '019 | oyt nyn ana| 02:02:13]13.01.11 220 7| pnxt nvn| nf7y N 5 49
2'man nann jA4 B5 ‘019 ‘019 A Ny nwn ana| 02:05:36]13.01.11 2720 7| pnyt nun| N nava 5 49
2'nan nann |A4 B5 '019 '019 2| oyt nyn ana| 02:13:16]13.01.11 220 7| pnxt nun| n'7y nva 5 49
2'min nann A4 B5 '019 '019 A Ny nun ana| 02:21:21]13.01.11 720 7| pny n7un| N7y nava 5 49
2'Man nann |A4 B5 '019 '019 2| oyt nyn ana| 02:27:01)13.01.11 2720 7| pnxt nun| n'7y nva 5 49
2'min nann A4 B5 '019 '019 A Ny nun ana| 02:27:31]13.01.11 720 7| pny n7un| N7y nava 5 49
2'man nann jA4 B5 ‘019 ‘019 A Ny nwn ana| 02:27:37]13.01.11 720 7| pnyt nwn| N nava 5 49
2'mn nann A4 B5 '019 '019 A Ny nun N2 02:29:43]13.01.11 720 7| Eny n7un| N7y nava 5 49
2'man nann jA4 B5 ‘019 ‘019 A Ny nwn ana| 02:30:26]13.01.11 720 7| pnyt nun| N nava 5 49
2'nan nann |A4 B5 '019 '019 | oyt nyn ana| 02:31:44]13.01.11 2720 1| pnxt nun| n'7y nva 5 49
2'min nann jA4 B5 ‘019 ‘019 A Ny nwn ana| 03:20:33]13.01.11 720 7| pnyt nun| N nava 5 49
2'nan nann |A4 B5 '019 '019 | oyt nyn ana| 03:59:10)13.01.11 220 7| pnxt nvn| nf7y N 5 49
2'min nann A4 B5 '019 '019 A Ny nun ana| 03:59:33]13.01.11 720 7| pny n7un| N7y nava 5 49
2'nan nann |A4 B5 '019 '019 2| oyt nyn ana| 04:25:09]13.01.11 2720 7| pnxt nun| nf7y N 5 49
2'man nann |B7 C7 '019 '019 A Ny nun ana| 01:45:07]13.01.11 720 7| pny n7un| N7y nava 5 49
2'Mn nan D8 C8 N'RUN ‘019 A Ny nwn ana| 01:03:08]13.01.11 720 7| pnyt nun| N nava 5 49
2'mn nan D8 Cc8 '019 '019 A Ny nun ana| 01:16:38]13.01.11 720 7| Eny n7un| N7y nava 5 49
2'Man nan D8 C8 ‘019 ‘019 A Ny nwn ana| 01:23:55]13.01.11 720 7| pnyt nun| N nava 5 49
2'nan nan|D8 Cc8 '019 '019 2| oyt nyn ana| 01:27:05]13.01.11 2720 7| pnxt nun| nf7y N 5 49
2'Mn nan D8 C8 ‘019 ‘019 A Ny nwn ana| 01:51:34]13.01.11 720 7| pnyt nwn| N nava 5 49
2'nan nan|D8 Cc8 '019 '019 | oyt nyn ana| 03:13:44]13.01.11 2720 1| pnxt nun| n'7y nva 5 49
2'mn nan D8 Cc8 '019 '019 A Ny nun ana| 03:16:56]13.01.11 720 7| Eny n7un| N7y nava 5 49
2'nan nan|D8 Cc8 '019 '019 | oyt nyn ana| 03:18:52]13.01.11 220 7| pnxt nvn| nf7y N 5 49
2'mn na1n D8 C9 '019 A Ny nun ana| 00:56:40013.01.11 720 7| Eny n7un| N7y nava 5 49
2'Mn nan D8 C9 ‘019 A Ny nwn ana| 01:09:34]13.01.11 720 7| pnyt nwn| N nava 5 49
107 't |nn 'x|B6 D7 '019 '019 A Ny nun ana| 02:27:20]13.01.11 720 7| Eny n7un| N7y nava 5 49
1017 2'1 |nn 'x|B6 D7 ‘019 ‘019 A Ny nwn ana| 04:18:30]13.01.11 720 7| pnyt nun| N nava 5 49
107 2'1 |nn 'x|B6 D7 '019 '019 A Ny nun ana| 04:25:57]13.01.11 720 7| Eny n7un| N7y nava 5 49
n'T¥ NITaxn |C7 B8 '019 '019 A Ny nwn N2 12:46:14]13.01.11 ni'on|  pny' n7un| n'7'w N 1 51
Ny |nn 'X|A6 B6 019 ik 177 'Y m ana| 07:09:50)15.02.11 'Y 2 177 'Y hlriah 5 101
1017 2'1 |nn 'R |A6 B6 ‘019 ' 177 'y ma ana| 07:57:43]15.02.11 277 'y NN 5 101
a7 @'t |nn '®JA6 B6 019 ik 177 'Y m ana| 10:11:20)15.02.11 177 'Y hlriah 5 101
2'min nan |B5 B8 '019 ' 117 v M N2 06:44:02]15.02.11 177 'y N3N 5 101
2'Nin naniB5 B8 ‘019 ' 177 '¥ D) 1na| 06:44:10]15.02.11 177 "% 1) n'73 N 5 101
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amm nann |B5 B8 ‘019 Rk 177 'Y 0 2N 06:44:20(15.02.11 x| T7 'y n'7¥ N 5 101
amm nann |B5 B8 ‘019 Rk 177 'y M ana| 06:46:10(15.02.11 ¥l 77 'y N'7¥ N 5 101
amm nann |B5 B8 ‘019 ik 177 'y M ana| 06:46:20(15.02.11 I =Y e r Y m] N'7¥ N 5 101
amm mann |B5 B8 ‘019 Rk 177 'Yy M ana| 06:48:32]15.02.11 ¥l 77 'y n'7¥ N 5 101
amm nann |B5 B8 ‘019 Rk 177 'y M ana| 06:50:01]15.02.11 '] 77 'y N'7¥ N 5 101
2mm nann |B5 B8 ‘019 ik 177 'y M ana| 06:50:40(15.02.11 ¥l 77 'y N'7¥N 5 101
amm nann |B5 B8 ‘019 Rk 177 'Yy M ana| 06:51:50(15.02.11 ¥l 77 'vim n'7¥ N 5 101
amnm nann |B5 B8 ‘019 Rk 177 'Y 0 anaf 06:58:50(15.02.11 x| 77 'vim n'7¥ N 5 101
amm nann |B5 B8 ‘019 Rk 177 'y M ana| 07:00:45]15.02.11 ¥l 77 'y N'7¥ N 5 101
amm nann |B5 B8 ‘019 ik 177 'y M ana| 07:01:16(15.02.11 I =Y e r Y m] N'7¥ N 5 101
amm mann |B5 B8 ‘019 Rk 177 'Yy M ana| 07:01:55]15.02.11 ¥l 77 'y n'7¥ N 5 101
amm nann |B5 B8 ‘019 Rk 177 'y M ana| 07:02:30(15.02.11 '] 77 'y N'7¥ N 5 101
amm nann |B5 B8 ‘019 ik 177 'y M ana| 07:03:36(15.02.11 I =Y e r Y m] N'7¥N 5 101
amm nann |B5 B8 ‘019 Rk 177 'Yy M ana| 07:03:40]15.02.11 ¥l 77 'vim n'7¥ N 5 101
amnm nann |B5 B8 ‘019 Rk 177 'Y 0 anaf 07:17:40(15.02.11 x| 77 'vim n'7¥ N 5 101
amm nann |B5 B8 ‘019 Rk 177 'y M ana| 07:22:22]15.02.11 ¥l 77 'y N'7¥ N 5 101
amm nann |B5 B8 ‘019 Rk 177 'y M ana| 07:22:49]15.02.11 '] 77 'y N'7¥ N 5 101
amm mann |B5 B8 ‘019 Rk 177 'y M ana| 07:26:55(15.02.11 ¥l 77 'y n'7¥ N 5 101
amm nann |B5 B8 ‘019 Rk 177 'y M ana| 07:33:01]15.02.11 ¥l 77 'y N'7¥ N 5 101
amm nann |B5 B8 ‘019 ik 177 'y M ana| 07:33:30]15.02.11 I =Y e r Y m] N'7¥ N 5 101
2mm nann |B5 B8 ‘019 ik 177’y M ana| 07:35:14]15.02.11 x| 77 'y N'7¥N 5 101
amnm nann |B5 B8 ‘019 Rk 177 'Y Q1 anaf 07:35:14(15.02.11 x| 77 'vim nY7¥ N 5 101
amm nann |B5 B8 ‘019 ik 177 'y M ana| 08:05:30(15.02.11 ¥l 77 'y N'7¥ N 5 101
amm nann |B5 B8 ‘019 Rk 177 'y M ana| 08:21:50(15.02.11 '] 77 'y N'7¥ N 5 101
amm mann |B5 B8 ‘019 Rk 177 'y M ana| 09:17:02]15.02.11 ¥l 77 'y n'7¥ N 5 101
amm nann |B5 B8 ‘019 Rk 177 'y M ana| 09:17:06(15.02.11 ¥l 77 'y N'7¥ N 5 101
amm nann |B5 B8 ‘019 ik 177 'y M ana| 09:18:15]15.02.11 I =Y e r Y m] N'7¥ N 5 101
2mm nann |B5 B8 ‘019 1A 177’y M ana| 09:54:40(15.02.11 x| 77 'y N'7¥N 5 101
amnm nann |B5 B8 ‘019 Rk 177 'Y 0 anaf 10:23:42(15.02.11 x| 77 'vim nY7¥ N 5 101
amm nann |B5 B8 ‘019 Rk 177 'y M ana| 10:24:18]15.02.11 '] 77 'y N'7¥ N 5 101
amm nann |B5 B8 ‘019 Rk 177 'y M ana| 10:48:00(15.02.11 '] 77 'y N'7¥ N 5 101
amm nann |B5 B8 ‘019 Rk 177 'Yy M ana| 10:49:54(15.02.11 ¥l 77 'vim n'7¥ N 5 101
amnm nannJA5 D6 ‘019 Rk 177 'Y Q) anaf 13:30:05(15.02.11 x| Y77 nY7¥ N 5 101
amm nann |JA5 D6 ‘019 Rk 177 'y M ana| 13:35:22]15.02.11 I =Y Y R nb] N'7¥ N 5 101
amnm mann|A5 D6 ‘019 Rk 177 'Yy M ana| 13:41:51]15.02.11 xRl Y71 n'7¥ N 5 101
amnm nannJA5 D6 ‘019 Rk 177 'Y AN 13:46:25(15.02.11 x| Y77 n'7¥ N 5 101
amm nann |JA5 D6 ‘019 Rk 177 'y M ana| 13:52:02]15.02.11 I =Y Y R nb] N'7¥ N 5 101
amm nann |JA5 D6 ‘019 Rk 177 'y M ana| 13:53:35(15.02.11 I =Y Y R nb] N'7¥ N 5 101
amnm mann |A5 D6 ‘019 Rk 177 'Yy M ana| 13:58:05(15.02.11 xRl Y71 n'7¥ N 5 101
amnm nannJA5 D6 ‘019 Rk 177 'Y Q) anaf 14:01:50(15.02.11 x| Y77 nY7¥ N 5 101
amm nann |JA5 D6 ‘019 Rk 177 'y M ana| 14:03:02]15.02.11 I =Y Y R nb] N'7¥ N 5 101
amm nann |JA5 D6 ‘019 Rk 177 'y M ana| 14:41:55]15.02.11 I =Y Y R nb] N'7¥ N 5 101
amnm mann|A5 D6 ‘019 Rk 177 'Yy M ana| 14:48:37]15.02.11 xRl Y71 n'7¥ N 5 101
amm nann |JA5 D6 ‘019 Rk 177 'y M ana| 14:51:27]15.02.11 I =Y Y R nb] N'7¥ N 5 101
amm nann |JA5 D6 ‘019 Rk 177 'y M ana| 14:51:40(15.02.11 I =Y Y R nb] N'7¥ N 5 101
amnm mann|A5 D6 ‘019 Rk 177 'Yy M ana| 14:58:01]15.02.11 xRl Y71 n'7¥ N 5 101
amnm nannJA5 D6 ‘019 Rk 177 'Y Q) anaf 14:58:09(15.02.11 x| Y77 nY7¥ N 5 101
amm nann |JA5 D6 ‘019 Rk 177 'y M ana| 15:00:01]15.02.11 I =Y Y R nb] N'7¥ N 5 101
amm nann |JA5 D6 ‘019 Rk 177 'y M ana| 15:05:12]15.02.11 I =Y Y R nb] N'7¥ N 5 101
amnm mann A5 D6 ‘019 Rk 177 'y M ana| 15:06:30]15.02.11 xRl Y71 n'7¥ N 5 101
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amin nann A5 D6 ‘019 Rk 177 'y M ana| 15:08:00(15.02.11 X '¥7 11 n'7¥ N 5 101
amin nan JAS D6 ‘019 Rk 177 'y Q1 anaf 15:08:27(15.02.11 I A '¥7 71101 n'7¥ N 5 101
2min nann |AS D6 ‘019 Rk 177 'y M ana| 15:11:20(15.02.11 'Y Q '¥7 7711 N'7¥ N 5 101
2min nann |AS D6 ‘019 Rk 177 'y M ana| 15:14:40(15.02.11 'Y Q '¥7 7711 N'7¥ N 5 101
amin nann A5 D6 ‘019 Rk 177 'y M anaf 15:15:02]15.02.11 X '¥7 11 n'7¥ N 5 101
2min nann |AS D6 ‘019 Rk 177 'y M ana| 16:33:25(15.02.11 'Y Q '¥7 7711 N'7¥ N 5 101
2min nann |AS D6 ‘019 Rk 177 'y M ana| 16:39:50(15.02.11 ¥ 2 '¥7 7711 N'7¥ N 5 101
amin nann A5 D6 ‘019 Rk 177 'y M ana| 16:42:40]15.02.11 X '¥7 11 n'7¥ N 5 101
amin nan JAS D6 ‘019 Rk 177 'y Q1 2N 16:46:02(15.02.11 I A '¥7 71101 n'7¥ N 5 101
2min nann |AS D6 ‘019 Rk 177 'y M ana| 17:04:01]15.02.11 'Y Q '¥7 7711 N'7¥ N 5 101
2min nann |AS D6 ‘019 Rk 177 'y M ana| 17:07:44115.02.11 'Y Q '¥7 7711 N'7¥N 5 101
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Table 3.5: Distribution and sorting of type 1 junctions events

WIPNND
N 2259 nNavn
2"N0 | NN DINNS NYOYH2A 22030 NN PIYIINON TN MTNNN
1 A2
2 2 A3
2 1 A6
2 A8
7 3 2 B7
7 2 5 B8
1 C2
1 C6
1 1 C7
2 2 Ccs8
10 9 C9
36 0 2 4 23 RUip1v)
1 \"'-
o a \
2 S
©
L 3 e ®ey ~ ;
4 F “. ) — .
\§ T s : = [
: il T T e T
: 7 = ‘. 533
N . . ‘\\ 5 =
@ - i
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Table 3.6: Distribution and sorting of type 2 junctions events

VPR ND
N 297 N¥IVN
SO | NN | DINNS NV | DINIPIN | PIIINNON | TN IS
1 1 A6
1 1 A7
1 1 C2
3 1 0 2 0 0 plnlv}
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Table 3.7: Distribution and sorting of type 3 junctions events

VPR ND
N 297 NNIVN
D | NN | DINNS MY | DINIPIN | PIIINNON | TN IS
2 2 A7
2 0 0 2 0 0 plinlv)

71




07N0Y 19129 4 2101 0NNYA DINMIINRN NDI9 :3.8 701 NYaL
Table 3.8: Distribution and sorting of type 4 junctions events

VPR NO
DD | NN [ DINDI N | DI AOIN | PUINNON | TN MTHSN Nam IR
10 10 C2
1 C3
1 D5
1 D3
14 14 D2
27 2 0 25 0 0 2"No
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Table 3.9: Distribution and sorting of type 5 junctions events

VPN ND
5"no INN DINNO N2 [ 7 N | P INNON TN MTHNN N3N TR
1 1 A2
2 2 A5
38 38 B1
5 1 4 B2
26 26 B5
80 80 B6
3 3 B7
34 34 B8
7 2 4 1 Cc7
8 8 C8
2 2 C9
32 32 D6
4 D7
1 D8
243 6 0 193 44 0 5"No

73




DMM0Y 1999329 6 101 DINNYA DIMIIND N9 :3.10 7on NYav
Table 3.10: Distribution and sorting of type 6 junctions events

PN ND
5"no NN owna nva [ mm nen | P mnon s mTnsn N 237 N3¥3IYN
2 2 B8
2 C9
8 DY
12 v 0 10 2 0 5"no
DINNYN D 599 MYIN I 11959
PN ND
S"no NN DINDD 52 [ >IN 1IN | 2T INOR. oy mTnsn NN N0
27 2 0 25 0 0 2
243 6 0 193 44 0 5
12 0 0 10 2 0 6
323 16 0 234 50 23 5"no
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Table 4.1: Average of "light™ Accident equivalent sorted to 6 types of
roundabouts
and the control group

YNININ -
PN VD | NINND DONNN'on| NMINND
NNIND

nmIND
2.82 2.07 62 30 0
13.60 6.63 232 35 1
22.25 9.89 89 9 2
4,70 4.88 39 8 3
6.05 3.50 28 8 4
30.15 25.62 333 13 5
1.00 0.50 2 4 6
16.08 7.34 785 107 DINNNN YD

MO 695 MNINN Y8 NI PR HTIN DMP ONN PT2) 0Ne-way anova nana

.(F=4.28 df=6,100 p-value<0.01) H7an 0»p 3 N¥NN DNNINN
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Figure No. 4.1: Average of equivalent of light accidents
by type of roundabout
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Table 4.2: Distribution of accidents by day periods and types of

roundabouts
NNIND MNIND YNNIN 19°5/01 MIIND .
DINNN'ON | NMINND
N9 oy 5"no (22 () )
0.63 1.43 62 19 43 30 0
1.29 3.54 169 45 124 35 1
2.11 7.78 89 19 70 9 2
3.13 1.75 39 25 14 8 3
1.75 1.75 28 14 14 8 4
9.85 14.31 314 128 186 13 5
0.00 0.50 2 0 2 4 6
2.34 4.23 703 250 453 107 DYNNIN YD
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Figure No. 4.2: Histogram of distribution of accidents according

to the period of the day and by type of roundabout
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Table 4.3: Sorting the types of accidents by type of roundabout

nsy/o D f) 159-15 )] N2 nyne .
nmIsY vxm?:rm 5"'No :m:gsb);/m:: ”:1:; - nNINY ;sm; mw;'.':o nmIsY v;mnm = )3".-)\7 e T
0.03 1 0.10 3 1.03 31 0.90 27 30 0
0.03 1 0.46 16 1.23 43 3.11 109 35 1
0.00 0 0.89 8 1.22 11 7.78 70 9 2
0.00 0 0.13 1 2.38 19 2.38 19 8 3
0.13 1 0.13 1 1.50 12 1.75 14 8 4
0.62 8 1.15 15 7.77 101 14.62 190 13 5
0.00 0 0.25 1 0.25 1 0.00 0 4 6

120 0 NXIIAPY MNNNN MND Y32 NYID NV 5 NXIAP NMIRND ND 92 NN D)
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Figure No. 4.3: Histogram of sorting to types of accidents
by type of roundabout
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Table 4.4: Average of "light™ Accident equivalent
by grouped types of roundabout

Y¥ININ " . NS ND
1PN DMV 5"no DYNNN 'oN
nmNY NDPN
2.82 2.07 62 30 0
13.60 6.63 232 35 1
21.66 11.69 491 42 2-6
16.08 7.34 785 107 DYNNNN YD

) K¥NI .NMIRNN OYXIND P2 OMYNVYN 7N ¥ ORN NINID T NINX 1NN Y¥I2
PMOPNY MNKRNN YN 2 (F=3.32 df=2,104 p-value<0.05) pnam Y1an o»p

YNINNA DINNND NN 9T IR 1 100 NN .0 10N DIXNNY NNIYS 2-6 o NNNa
SMOPT MNRNN
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Figure No. 4.4: Histogram of equivalent of light accidents
by grouped types of roundabout
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Table 4.5: Details of accidents by grouped types of roundabout by

Properties And by day period

NNINY NMIND YNN 19°5/01 NNIND .
DONNN'ON| NN NO
nyY oy 5"no oY o
0.63 1.43 62 19 43 30 0
1.29 3.54 169 45 124 35 1
4.43 6.81 472 186 286 42 2-6
2.34 4.23 703 250 453 107 DOXNNNN YO

N9Y5/0 799 ©I¥IPN DINNYA DIINAND 299 MNNN NNV :4.5 701 9y
Figure No. 4.5: Histogram of accidents by characteristics in grouped types of

roundabout and by day period
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Table 4.6: Distribution of accidents by grouped types of roundabout

,N2792 D) DA D) MPTN MN1APN VIOV

and by those involved

INN o08Y/00T BY MYNNN 259-107 MYNNN 7"'N2 Yo
DNNS'0N | NMYND
N YN 5''np  [nmsh ysinn 5D MY YIMN By nMISY YN By
0.03 1 0.10 3 1.03 31 0.90 27 30 0
0.03 1 0.46 16 1.23 43 311 109 35 1
0.21 9 0.62 26 3.43 144 6.98 293 42 2-6
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Figure No. 4.6: Histogram of distribution of accidents by grouped types of

roundabout and by those involved
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MODIVLY NINY

NPISNI INYINIY DWNPRD D) YY) MNNNN DY SODLVDN NN NPT NN
(MMNP2an N¥IP LYND)

IPNN TV 19 N DO NNIND YNINNT DWIPRD 190N IR NPsN 4.7 'on NHav
b

N0 D91 NMINY YHNNN YN BIMIINND /ON 4.7 7on Nhav

Table 4.7: Average total number of events in roundabout of any type

PN NLo Y9I onnyon | Hwnno
1.50629 0.7143 35 1
0.52705 0.4444 9 2
3.27054 2.1250 8 3
13.70870 7.2500 4
21.19688 10.1538 13 5
0.81650 1.0000 4 6
10.21863 3.1169 77 51D

DY) 3-6 DD ANV JOP DYIPRN 190N 2 DIV NDIY NMIRIY 1N N NYIVNH
1105 mony
IRNIND DIN NMIPNN 4.11 — 4.8 MINDIV N0 DO WPNRD NNIT 2IWON TV TYHN2

N0 5910 HMIYY YEIIN NYTIY MTIEN SN 7o :4.8 7on nHav
Table 4.8: Average number of events of lateral attachment
by type of roundabout

PN MLo YN onnyon | Synno
1.335 0.57 35 1
0.333 0.11 9 2
0.744 0.38 8 3
0.354 0.13 8 4
0.376 0.15 13 5
0.500 0.25 4 6
0.972 0.36 77 51D

TPNIIN NNTHNN NYNN NNMP NT N NP ,NIYIY VO, 1 DO, MTHRNN SN PXI
.DMDN IRV NHMP NPNY NYIN 2V NDNION MY

DY 2H¥N0 DXIYT PIMAND NT DY) NP ,NTP MDY NN DTN NS VI 1 1o
TR 2o
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MO D91 N1IY YRHIN NPYTP DT 1NN N YoN :4.9 7on Nbav
Table 4.9: Average number of events of yield of right of way

by type of roundabout

PN NLo YN onnyon | Swnno
0.236 0.06 35 1
0.333 0.11 9 2
0.744 0.38 8 3
1.061 0.63 4
8.824 2.77 13 5
0.500 0.25 4 6
3.671 0.62 77 51D

MO D91 118D YN 29I NN NN 7on :4.10 7on Nbav
Table 4.10: Average number of events of lane exciding

by type of roundabout

PN NLo YN DNNY o 93919 NO
0.169 0.03 35 1
0.333 0.11 9 2
3.503 1.38 8 3
13.104 6.00 8 4
18.071 7.08 13 5
0.500 0.25 4 6
8.778 2.00 77 51D

DT NN NYAIN 2APY NYIY VDI 5 N .NDO NNIND NIWVY VL 1 ND XD D)
SO NYOIN

MO D91 1YY y8mn NN Mo 0IIN /o :4.11 7on nYav
Table 4.11: Average number of events of ""other™ type

by type of roundabout

PN MLo YN ODNNY 'O 93910 NO
0.236 0.06 35 1
0.333 0.11 2
0.000 0.00 8 3
0.756 0.50 8 4
0.376 0.15 13 5
0.500 0.25 4 6
0.375 0.13 77 1Y)
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NXAPY 0N YTN DI2IYNT M0 Y I¥IP ,MNNNN NN NIV NN NNMITL AW
799 MIRIND AN NN 4.16 — 4.12 MINDIVL .NY 2819 H1IWIN YD MRV NNNX

6 — 2 92990 N¥AP 10902 NMIKY ¥ 5915 DIMIN 7on :4.12 7on Nbav
Table 4.12: Average total number of events for roundabouts of type 1
and grouped types 2-6

PN NLo YN onnyon | xpn Swnno
1.50629 .7143 35 1
13.51459 5.1190 42 2-6
10.21863 3.1169 77 5N

LDYYPRN TO2 O MNNN TN AN MNID 1%

YEINM NN MTNYN NN OINMYN 7oN :4.13 7o NYav
6 — 2 020N NN 1 noa nnisy

Table 4.13: Average number of events of type of lateral attachment
for roundabouts of type 1 and grouped types 2-6

PN NLo YN DNNY 'O NP D390 ND
1.335 0.57 35 1
0.455 0.19 42 2-6
0.972 0.36 77 51D

.13 102 NN NTIPI MNNMY 1 NOD MIMNIN TN NITNRNNN YIVN DY 9ININD

YINN NP MT 1NN NN DINN YoN :4.14 7o nbav
6 — 2 020N N 1 n¥apa nnisy

Table 4.14: Average number of events of type of yield of right of way for
roundabouts of type 1 and grouped types 2-6

Y0 N»OY y¥N o on | y1en Hn o
0.236 0.06 35 1
4.943 1.10 42 2-6
3.671 0.62 77 51D

TP MDY NN ON ORI INP VNI HTINN
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YEIIN 22N NIIN NON DINN 7oN :4.15 7on nYav
6 — 2 020N N 1 n¥apa nnisy

Table 4.15: Average number of events of type of lane exciding for
roundabouts
of type 1 and grouped types 2-6

PN NLo YN DNNY 'O NP D390 ND
0.169 0.03 35 1
11.693 3.64 42 2-6
8.778 2.00 77 5N

1102 25110 NPIND MIVAR PR L7172 TN ONMIYHYN 5TINN XD D)

YNN INN NN DIWIIN 7o) :4.16 7on NYav
6 — 2 020N N 1 n¥apa nnisy

Table 4.16: Average number of events of ""other™* type for roundabouts
of type 1 and grouped types 2-6

PN MV yHmn onnxon | x1IPN SN No
0.000 1.00 35 1
0.378 1.14 42 2-6
0.333 1.11 77 Uil

.DYMYNYN DYSINNN DTN ONRN PT) T 1NN MYSNHNI

2-6 DXNNY NIV 1 0N NNIND DIWPN TO YXINNA PN DTN 0P 7 KM
(t=-2.097, df=42.22,p-value<0.05)

NON NMIX PA VITN NITHNN NON OWPN YNINN PN DTN 0P 2D D) XYM
(t=2.803, df=12,p-value<0.05) o nnsn o 1

.DYPNN DY TN INYNI KXY DWPNOIND I P2
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Figure No. 4.7: Division of roundabout to conflict zones
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Figure No. 4.8: Preliminary marking and signing in roundabout
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1

ANOVA
Me
an Sum
Sq of
uar Squa
Sig. F e Df res
.00 4 93 6 5606 Between
1 . 4.3 .009 Groups
2 35
8
6
21 100 2180 Within
8.0 1.87 Groups
19 9
106 2740 Total
7.88
8
Post
Hoc
Tests
95% Confidence
Interval
Up Mea
per Lo S Std n
Bo wer i . Differ
un Bou g Err ence
d nd . or (I-J) (I) sug_zomet
6.4 - . 3.6 - 1.00 .00
93 15. 8 73 4.56
2 617 7 74 190
0 6
9.0 - . 5.6 - 2.00
64 24. 8 11 7.82
7 709 0 74 222
1 4
14. - . 5.8 - 3.00
87 20. 9 75 2.80
18 488 9 34 833
5 9
16. - 1 5.8 - 4.00
24 19. 75 1.43
68 113 0 34 333
5 0
0
- - . 4.9 - 5.00
8.7 38. 0 02 235
95 302 0 85 4872
0 4 0 ’
25. - 1 7.8 1.56 6.00
21 22. . 59 667
76 084 0 52
3 0
0
15. - . 3.6 4.56 .00 1.00
61 6.4 8 73 190
70 932 7 74
6
13. - . 5.5 - 2.00
34 19. 9 18 3.26
59 866 9 46 032
5 7
19. - 1 5.7 1.75 3.00
16 15. . 86 357
58 658 0 32
7 0
0
20. - . 5.7 3.12 4.00
54 14. 9 86 857
08 283 9 32
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6.00

.00

1.00

3.00
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4.5
552

35
407

a7
43

21
493

25.
217

29.
579

36.
089

31.
584

30.
209

50.
520

ago-

4.9 235
02 4872
85

4.7 18.9
95 8681
81

6.4 15.7
02 2650
73

6.6 20.7
34 4038
98

6.6 221
34 1538
98

8.4 251
42 1538
47

7.8 -

59 156
52 667
7.7 -

93 6.12
19 857
8.8 -

72 9.38
94 889
9.0 -

41 4.37
96 500
9.0 -

41 3.00
96 000
8.4 -

42 251
47 1538

.00

1.00

2.00

3.00

4.00

6.00

.00

1.00

2.00

3.00

4.00

5.00
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*

. The mean difference is significant at the 0.05 level.
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ANOVA

Mean Sum of

Sig. F Square df Squares
.040 3.324 823.437 2 1646.874 Between
Groups
247.702 104 25761.014 Within
Groups
106 27407.888 Total
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Multiple Comparisons

Dependent Variable: count_sum

Tukey HSD

95% Confidence Interval

Upper Mean
Bound Lower Std. Difference
Bound Sig. Error (1-3) (I) sug_zomet_mekubaz
4.7 - AT7 3.91586 -4.56190 1.00 .00
490 13.8728 _
-.6782 - .032 3.76223 -9.62381 2-6
18.5694
13.8728 -4.7490 ATT 3.91586 4.56190 .00 1.00
3.5028 - .342 3.60206 -5.06190 2-6
13.6267
18.5694 .6782 .032 3.76223 9.62381 .00 2-6
13.6267 -3.5028 .342 3.60206 5.06190 1.00

*. The mean difference is significant at the 0.05 level.

Group Statistics

QWK TIDAA DY A0 2 [ DTN NPT

sug_zomet_mekubaz
otal_eruim 100
2.002-6

N Mean

35 7143
42 5.1190

Std. Deviation [ Std. Error Mean
1.50629 25461
13.51459 2.08535

Independent Samples Test

T-Test »anan mnen

#nam 71an onp

Levene's Test for Equality of

Equal varances assumea

Equal variances not

Variances t-test for Equality of Means
95% Confidence Interval of the
Std. Error Difference
| Sig t df Sig. (2-tailed) | Mean Difference | _ Difference Lower er
10.450] 002 1.916 7 059 “2-404 76| 2.20867 | "8.98394] 17442
-2.007 42.220 042] -4.40476| 2.10083] -8.64376| -.16577]

Group Statistics

jsug_zomet_mekubaz
'TY NITNYN 1.00
2.002-6

N Mean Std. Deviation [ Std. Error Mean
7] 2.86 1.574] 595
7] 1.14] 378 143|

Independent Samples Test

#nam 71an ovp

Levene's Test for Equality of
Variances

t-test for Equality of Means

95% Confidence Interval of the
Std. Error Difference
F Si t df Sig, (2-tailed) | Mean Difference Difference Lower UEEEI
[Ty niTnyn Equal variances assumed 3.155 101 2.803 12 016 1.714 612 382 3.047]
Equal variances not 2.803 6.690 028 1.714 612 254 3.174)
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T-Test

Group Statistics

D'WIN'N TID2 D'NXN 110 2 12 D'71an ng'ma

E zomet mekubaz N Mean Std. Deviation | Std. Error Mean
I - L ————————————————

total_eruim 1.00 35 7143 1.50629 .25461

2.00 2-6 42 5.1190 13.51459 2.08535 270 Y7an ooy

Independent Samples Test
Levene's Test for Equality of
Variances t-test for Equality of Means
95% Confidence Interval of the
Std. Error Difference
F t df Mean Difference Difference Lower Upper

total_eruim Equal variances assumed 10.450 .002 -1.916 75 .059 -4.40476 2.29867 -8.98394 17442

Equal variances not -2.097 42.220 .042 -4.40476 2.10083 -8.64376 -.16577
T-Test

Group Statistics

_Em zomet_mekubaz N Mean Std. Deviation | Std. Error Mean
N Ty NITAYN 1.00 7 2.86 1.574 .595)

2.00 2-6 7 1.14 .378 .143

Independent Samples Test

?nam 71an op

Levene's Test for Equality of

Variances t-test for Equality of Means
95% Confidence Interval of the
Std. Error Difference
F . t df Mean Difference Difference Lower Upper
N Ty NITAYN Equal variances assumed 3.155 101 2.803 1.714 .612 .382 3.047
Equal variances not 2.803 6.690 .028 1.714 .612 .254 3.174
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T-Test

Group Statistics

sug zomet mekubaz

N

Mean
—

Std. Deviation | Std. Error Mean
— —

NI NIdT NN 'R 1.00
2.00 2-6

10

1.00
4.60

0.000 0.000|
9.663 3.056

Independent Samples Test

77N 'x

Levene's Test for Equality of

Variances t-test for Equality of Means
95% Confidence Interval of the
Std. Error Difference
F t df Mean Difference Difference Lower Upper

NI NIdT NN 'R Equal variances assumed .927 .358 -.507 10 -3.600 7.101 -19.422 12.222

Equal variances not -1.178 9.000 -3.600 3.056 -10.513 w.mpm_
T-Test

Group Statistics

sug zomet mekubaz N Mean Std. Deviation | Std. Error Mean PIT27 NN 'R - NI'OXN 'R
'nn nann 1.00 1 1.00

2.00 2-6 12 12.75 19.569 5.649
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T-Test

Group Statistics

_m|cm zomet mekubaz N Mean Std. Deviation | Std. Error Mean
hnx 1.00 2 1.00 0.000 0.000
2.00 2-6 7 114 .378 .Ew_
7120 'R
Independent Samples Test
Levene's Test for Equality of
Variances t-test for Equality of Means
95% Confidence Interval of the
Std. Error Difference
F Sig, t df Mean Difference Difference Lower Upper
hnx Equal variances assumed 1.493 261 -.509 -.143 .281 -.806 521
Equal variances not -1.000 -.143 .143 -.492 .207
Correlations
sah_teunot kalot| total_eruim D'VIN'X 19001 NRINN 1901 |2 W77 'R
sah_teunot_kalot Pearson 1 -.024
Correlation
Sig. (2-tailed) .834
N 77 7
Jtotal_eruim Pearson -.024 1
Correlation
Sig. (2-tailed) .834
N 77 77
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