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Traffic Intersections

- Intersection is an area shared by two or more
roads. This area is designated for the vehicles to
turn to different directions to reach their desired
destinations.



lssues

The pedestrians also seek same space for crossing.
Drivers have to make split second decision at an
intersection by considering his route, intersection
geometry, speed and direction of other vehicles etc.
A small error in judgment can cause severe
accidents.



Conflicts at an Iintersection

- Conflicts at an intersection are different for different
types of intersection. Consider a typical four-legged
intersection as shown in figure.

Conflicts in a traffic signal
@ 4 Through traffic
@® 4Rightturn

@ 8 Right turn-Through

@ 4 Merging
4 [> 4 Diverging

"""""""" 8 Pedestrian

Total =32 Conflicts




| evels of intersection control

Another Form of Hierarchy

- Passive Control
1.  No control
2.  Traffic Signs
3.  Traffic signs plus road marking

« Semi Control
1.  Channelization
2.  Roundabouts

« Active Control
1. Traffic Signals
2.  Grade Separated Intersection
3.  Grade Separated Interchange
i.  Trumpet interchange
ii. Diamond interchange
iii. Clover leaf interchange



Life cycle of Intersections

Uncontrolled
Intersection

Channelized
Intersection

Roundabout
Intersection

Roundabout with Signalized
Signal intersection

Grade separated
intersection

Grade separated
interchange




Intersection

Channelization of traffic through a three legged Channelization of traffic through a four legged
intersection intersection
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FOUR-LEG INTERSECTIONS (International Studies)

Common issues associated with signalized

Intersections include:

- Long crossing distances

Obstructions in the crosswalk

Wide turning radii encourage fast turns

Inadequate refuge area

Restricted pedestrian crossing



FOUR-LEG INTERSECTIONS (International Studies)

Through-moving bicyclists to weave across multiple lanes

Crosswalk, limiting visibility.

Bicyclists may not be able to actuate

Pedestrian clearance time may not be long enough

Conflicts between pedestrians and turning motor vehicles



Issues Assoclated with Signalized Intersections

(International Studies)

Pedestrian clearance time
n may not be long enough

Restricted pedestrian
B crossing mevements

Bicyclists may not be )
m able to actuate signal \
\

Through-meving

Intersection clearance

interval may not be long

weave acrgss
turning motor
I vehicles

Fast turns and
@ free right turn movements f

hicyclists must \

Canflicts hatween pedestrians
@ and turning motor vehicles

enough for bicyclists

T
' Electrical equipment obstructs
pedestrian path or blocks view
@ of pedestrians

Motor vehicles may
encroach on crosswalk

------- typical automobile line of travel
= == typical bicydist line of travel
= » = = = typical pedestrian line of travel




Common Intersection Treatments for Pedestrians
(International Studies)

Mark advance stop lines

Time pedestrian clearance to

accommodate 3.5 feet/second

walking speed™ _
Reduce crossing distance

Remove crossing restriction

Construct median to provide refuge

Install countdown pedestrian signals
and accessible pedestrian signals™

Provide protected left turn
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Construct raised TITHE . _
channelizing islands | | \Reduce tuming radius
Control right turns with | | | Move electrical equipment outside of
cton or ‘gld | | | accessible path and place so it does
poryl \ not restrict visibility
Construct channelized right i o
intersecting street at close to A ' CA MUTCD

90 degrees™

T Natioral MUTCD, Proposed Update
T AASHTO Pedestrian Guide



Common Intersection Treatments for Bicyclists
(International Studies)

i Time signal to allow bicyclists
to clear intersection before
| opposing traffic is released ™

Stripe bicycle lanes to the
left of right turn anly lanes”

Provide bicycle lane pockets
to right of left turn only lanes’

i | \h Optional
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Optional™”

Reconstruct turn lanes
SO turning motorists
weave across
through-moving
bicyclist

Install bicycle detection
so turning bicyclists can | + CAMUTCD
: 8]
actuate signal _ T National MUTCD, Propeosed Update
 Traffic Operations Policy Directive 09-06

. Install limit line detection zone™

=== == typical bicyclistline of travel
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Speed Management Tree
(International Studies)

Engineering Countermeasures for Speed Management

Reduction in 85th
Countermeasure percentile speed
Roundabout 25% to 42%
In urban and suburban environments where posted speed is
45 mph or less
Lateral Shift 8% to 25%
Travel Lane shift
Center Island 12%
Narrows travel lanes
Converging Chevron Marking Pattern? 11% to 24%
Transverse pavement marking
In-Roadway Warning Lights 5% to 7%
At pedestrian crossings
Speed Activated Feedback Signs 7% to 19%
Dynamic display speed warnings
Gateway Treatment 5% to 7%

Combined use of signs, landscaping, etc.

a Experimental treatment.

Source: FHWA, Engineering Countermeasures for Reducing Speeds: A Desktop Reference of Potential
Effectiveness, May 2009. A full list along with studies cited can be found at
http:/ /safety.fhwa.dot.gov/speedmgt/ref_mats/eng count/.

Reducing motor
vehicle speeds

can Improve
safety for
pedestrians and
bicyclists.
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RFORMANCE COMPARISONG-OF CONTROE
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afety Balance Between Accessibitity-&———
Mobility Needs

Safe designs are different for major and minor roads.

Narrow sections or slow points may be suitable on minor roads to slow down
traffic and improve safety.

However, on major roads such squeeze points may well cause frustration and
become accident black spot.

The function of a road should be clear to its users and treatments should not give
conflicting messages.

Functional grouping of roads is necessary pre-requisite for a safe road network.
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Original Speed (mi/hr)

REACTION STOPPING DISTANCE
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CASE STUDY 1 - Josip Bro




LANDUSE:

*Predominant Abutting
Public, Semi-Public

Buildings (Schools,offices)
*Residential places also
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Accident Spot

Moolchand flyover

®Nr. Sadig Ngr F/O
Central School

B Archana Red Ight
Def.cly

B Nr. Krishi Vihar

Day/Night Type of Accident

Injured

Day m Fatal

m Night







INTRODUCTION

Petrol Pump

Distance 2200rm
NMumber of A
Bus stops

NMumber of -

NMumber of
Local Roads
MNMeeting

S on Both sides

Speed Limit A0
Footpath 1.25 m
MNMedian 2Mm

Service Road

Pedestrican
Facilities

Zebra Crossing& footpath

Signacages

Clear Signages for Speed Limit &
Pedestrian
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nr. Karol bagh metro
stn.

B T point MTNL office

NRP no. 157 pusa road

u Inf petrol pump
Rajendngr

nr. Pole no.80

Type of Accident Day/ Night

Day
B Night

Injured
m Fatal
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TRAFFIC FLOW THEORY (LOS)

o LOS definition generally describes thee conditions in terms of factors such as speed, travel
time, freedom to manoeuvre, traffic interruptions, comfort, convenience and safety

Values of LOS parameters
LOS C:- 08 _
: Creria Al s ] e ] o |
i _ FFS = 78 MM

k —= Marimun dangity (peimilir) " 1t 6 3 42
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Relation between Speed Volume

Speeds decline slightly with increasing flows, Operation near or at capacity, No usable gapsin | Breakdown in flow, Queues form behind
Density increases more quickly, Freedom to the traffic stream, Operations extremely volatile, | breakdown points, Demand > capacity

maneuver is more noticeably limited, Minor Any disruption causes queuing
incidents create queuing

SPEED, V

VOLUME, Q Q max (Capacity)




VIEWS OF STUDY AREA STRETCH
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Identification of survey
e TOCALION

»Depending upon the reconnaissance
survey & secondary survey data, the
survey locations were identified and
studied.

> For detailed analysis of survey, the
entire 28 km stretch was divided into 4
sections considering its analogous profile
and accident spots.

| 1jiv Chowk IFFCO Chold

Section-4 Section-3 | Section-2

> Since the corridor has linear as well as
curvilinear profile, for identification of
speed character the entire study
corridor is divided in 2 sections the
linear segment & curvilinear
segment.

Curvilinear Section Linear Section




JOURNEY SPEED ANALYSIS ON LINEAR SECTION OF STRETCH

Speed analysis of Car:

Speed analysis of Truck

Th ical :
Speed Observed Theoreotical | Cumulative Cu::)t:g(::\:‘e Speed (KMPH) Observed Theoreotical Cumulative Z:::::tlic\:
(KMPH) Frequency Frequency Frequency frequenc P Frequency Frequency Frequency
q Y frequency
30 0% 1.16% 0% 1.20% >0 0% % 0% %
40 2% 3.21% 2% 4.40% ° ° ° °
50 5% 8.17% 7% 12.50% 30 15% 10% 15% 13%
60 35% 15.29% 42% 27.80% 40 40% 26% 55% 39%
70 8% 21.10% 50% 48.90% 50 21% 33% 77% 72%
80 10% 21.80% 60% 70.70%
90 31% 15.93% 91% 86.70%
100 5% 8.74% 95% 95.40%
110 3% 3.53% 99% 98.90% e S Lo Sk L0
120 1% 1.05% 100% 100% 90 5% 0% 100% 100%
i _ Speed analysis of All Vehicles:
Speed analysis of Bus: Theoretical
Observed Theoreotical Cumulative .
Theoretical Speed (KMPH) Cumulative
Speed Observed Theoreotical | Cumulative . Frequency Frequency Frequency f
Cumulative SEls s
(KMPH) Frequency Frequency Frequency frequency 10 0% 0% 0% 0%
20 0% 0% 0% 0%
20 0% 0% 0% 0%
30 8% 0% 8% 0%
30 1% 2% 1% 2% 40 20% 1% 29% 1%
40 25% 10% 26% 12% 50 16% 12% 45% 13%
50 27% 27% 53% 39% 60 12% 63% 28% 26%
o, 0, o, o,
60 13% 34% 66% 73% i 15 2o e £
- - - - 80 6% 7% 79% 100%
70 19% 20% 85% 94% - o ~ = =
80 3% 6% 88% 99% 100 11% 0% 93% 100%
90 12% 1% 100% 100% 110 1% 0% 94% 100%
120 6% 0% 100% 100%

As observed from analysis the 85t & 95t percentile Speed was evaluated to be around 60 to 70 kmph respectively
on the corridor, where the minimum speed limit is 40 kmph.



JOURNEY SPEED ANALYSIS ON LINEAR
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Huge variation is observed for normal distribution between observed data and theoretical data.
Thus above analysis justifies the occurrence of collision characterized accidents due to involvement of cars and

their reason being over speeding.



JOURNEY SPEED ANALYSIS ON CURVI LINEAR SECTION OF STRETCH

Speed analysis of Car:

Speed analysis of Truck

Theoreotical

Speed Observed Theoreotical | Cumulative i . . Theoretical
Cumulative Observed Theoreotical Cumulative .
(KMPH) Frequency Frequency Frequency Speed (KMPH) Cumulative
frequency Frequency Frequency Frequency
frequency
40 0% 2% 0% 2%
30 0% 4% 0% 4%
50 9% 8% 9% 10%
4 29 219 29 259
60 24% 21% 33% 31% 0 32% % 32% e
70 24% 31% 57% 62% - S e Sk e
80 37% 25% 93% 87% o 250 2% S Rk
90 3% 11% 96% 97% 70 7% 6% 99% 100%
100 4% 3% 100% 100% 80 1% 0% 100% 100%
Speed analysis of Bus: Speed analysis of All Vehicles:
. . Theoretical
Theoretical speed (KMPH) Observed Theoretical Cumulative Cumulative
Speed Observed Theoretical Cumulative Cumulative Frequency Frequency Frequency ;
(KMPH) Frequency Frequency Frequency s
frequency 10 0% 0% 0% 0%
20 0% 0% 0% 0%
30 L L L e 30 8% 0% 8% 0%
40 13% 6% 13% 6% 40 22% 2% 30% 2%
50 29% 29% 42% 34% >0 12% 14% 12% 16%
° ° ° ° 60 14% 38% 56% 54%
60 29% 44% 71% 78%
70 20% 20% 91% 98%
a0 11% 2% 91% 100%
80 9% 2% 100% 100% 100 9% 0% 100% 100%

As observed from analysis the 85t & 95t percentile Speed was evaluated to be around 60 to 70 kmph respectively,
where as the minimum speed limited posted is 40 kmph.




JOURNEY SPEED ANALYSIS ON C
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URVI LINEAR SECTION OF STRETCH (cont.)

Normal distribution Curve
& Cumulative frequency

@ ve (CAR)

Normal distribution Curve
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Normal distribution
Curve & Cumulative
frequency curve
(BUS)

Normal distribution
Curve & Cumulative
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The analysis justifies the occurrence of rear end accidents by over speeding. Also this curve section ends near Hero
Honda Chowk which is a pedestrian influence area and hence for such high speed collision between pedestrian

and vehicle is bound to occur.



SPEED ANALYSIS BY MOVING CAR METHOD

»Speed survey was also conducted by “Moving Car method” during morning peak hour to identify the chainage wise speed profile of
the entire stretch.
»To identify the speed profile on the stretch the speed survey data was compared with intersection location and accident location

Delhi to Jaipur
100
90
80
70
60
50
40
30 -
20
10 -

Speed

Rajiv Chowk

Chowk

Chainage

Jaipur to Delhi
120

100

i

Rajiv Chowk \

Hero Honda %
Iffco Chowk Chowk

e,
f/l).
i/
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o 99‘9%9;\4?&%%%}06\&';‘\@1\\/ 3’\/@@{“@ "?)l"’b";’b‘
LA R R U L I GO e L

Chainage

»From the chart it is observed that speed decrease noticeably
wherever intersections are present & where accidents are happening.
»Speed was observed to be of constant nature over a distance of 2
kms.

During rainy season it was observed that the drains gets clogged and all the water lingers on the road surface causing problems of
skidding for fast moving vehicles.



METHODOLOGY
OF DESIGN

|GEOMETRIC DESIGN| OPERATIONS | PLANNING | CHARACTERISTICS

SAFETY

FINAL DESIGN |

IDENTIFY POTENTIAL DESIGN
OPTION
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RADIAL ALIGNMENT OF ENTRIES.

Unacceptable Normal Acceptable



APPROACH WIDENING BY ENTRY FLARING
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e ot Lane Length

Point perpendicular
ta junction of inner
entry curve and
circulatory roadway




EXISTING ROUNDABOUT TYPOLOGY IN INDIAN SCENARIO

Percentage of Round about
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Roundabout Details



Comparison of generic model with other research models
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German Highway Capacity Manual, (FGSV, 2001)

Capacity of urban double- lane roundabouts-

The Kimber equations presented earlier form the basis for the
capacity equation derived for the double-lane roundabout.
The following geometric parameters were assumed: D = 55
m,re=20m, ®=30°v=8m,e=8m,andl’ = 40 m.

Kimber Equation- Qe = 2424 -0.7159Qc¢

Robinson, B. W. & Rodegerdts, L.A. (2012)

—a— 3aSI|DRA Dominant lane
—0o— aaSIDRA Subdominant lane
—x— NAASRA 1986

—— UK linear regression (per lane)
—o— HCM 2000 Upper

—a— HCM 2000 Lower

800

600

Entry lane capacity (veh/h)

400

200 +

0 ; ; ; ; ; e ;
0 300 600 900 1200 1500 1800 2100 2400

Circulating flow rate (pcu/h)

Akgelik, R. (2003)



Benchmarking Delay Model
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- weaving width = 3
lanes,

- non-weaving width =

2 lanes

 For particular
diameter of
roundabout, weaving
length was found
from the layout
drawings of the
roundabout.
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Relationship developed
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CVR (Conflicting Vehicle Ratio)

- It is the ratio of vehicles that weaves through the weaving
section. It may be defined as the ratio of weaving traffic
from the approach arm to the traffic exiting from weaving
section. Mathematically it is defined as the ratio of ‘b’ and

¢ CVR = 5 V\b/
‘ N R

b - weaving traffic from entry arm (straight + right + u)
c - Traffic coming from circulating section moving towards exit arm of weaving section.

If ‘b/c’ is less or large, weaving traffic may find the gap.
However it may be true for certain range of ‘b’ and ‘c’



WFI (Weaving Flux Intensity)...1

Vehicis flow at weaving section per hour
Area of Weaving Section

Weaving Flux Intensity =

This concept of Weaving Flux Intensity

is derived from the Electric Flux.

P = }Eds Cos® = EA Cos0

(foruniform area of cross section)

E — Electric field intensity
A — Area of Cross section

~4[

—

—--
-
-
-

7

26 - Angle of Conflict
| - Weaving Length
W - Weaving Width

@ - Flux

O — Angle between electric field intensity and
area vector (perpendicular to cross sectional

area)

=EAcos ©; where, [A=wxh, cos©=-]

_Ewlh

i



WFI (Weaving Flux Intensity)...1

w o
= TH 0\ .- s
e
o G e ) P =
R =B r—
-; 1040y wso [0 | 3
IMustration of Concept 1 INlusiration of Concept 2:
I=20m 1=60m 1=40m 1=40m
w=10m w=10m w=10m w=15m
1:=5._'|:11.'E+.!'-_] ‘]v!=,.-_'|:“-2+|!'—:| !’=‘\-'.[1"'-: +E:} !’=-u..-l'—|:. 1.1.':+E:}
I'=./(1600 + 100 ) I'=./( 3600 + 100 ) 1'’=/( 1600+ 100 ) 1'=/( 1600+ 225
I'=41231m I'= 60.082 m 1’=41231m 1'=42.72m
ASlxw=400 m* A =lxw=600m" A=l xw =400 m? Ap=1xw=40x 15=600 m?
A= 400/41.231=9.70 A_T= 600/60.082=0.986 AL/’=400/41231=0.70 AL1'=600/42.72 =14 05

within certain range, increase in ‘w’ results in more increase in A, /1 and thus
relatively more increase in vehicular flux



WFI (Weaving Flux Intensity)...2

- W = - o
'H_)_- ---:-------_-------_-------_-_------- > pu—y “’;\, —_— e --w‘ ------------------------------- \ > 'H“__
ag—y B ——r. ] -n-\q\ ———————————————————————————————— > O—O0
s - -
e B B FUQEAY DD e o e > ...‘:;...
. o {\ .
~ '”‘_h > e e e = o
[ —-.-.--------------------------------------—_}o_ Py ————— e e e e e e e e e e e e e e e E e ———— — g
& --------------------------------------- _)&

=

Increase of vehicular intensity also results in increase of
vehicular flux.

e Vehicular flux is maximum when vehicles do not weave
but it is only theoretical and not practical because basic
role of weaving section is to provide merging and

diverging .
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(b+c¢) is minimum for a
particular value of b/c. The
relationship is quadratic for all
the roundabouts. However the
minima of the function is
different for different
roundabout.

As proportion of weaving
traffic increases, flow at
weaving section decreases at
all level of service but the slope
of the graph keeps increasing
from level of service A to level
of service F.
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