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Abstract: Pedestrian is one of the important component in urban transportation system and
also vulnerable at un-protected mid-block locations under mixed traffic conditions. At un-
protected mid-block locations, some of the vehicles may yield to pedestrians who are already
at crosswalk location. However, some of the pedestrians are using forced gaps to cross the
road. Hence, while pedestrians use the mid-block crosswalk with forced gaps, which decreases
the vehicular flow characteristics. The pedestrian sidewalks do not show a direct effect on
the vehicular flow characteristics when the pedestrian have pleasant walking facilities. The
present study has analyzed the effect of pedestrian crossing on the characteristics of vehicular
flow at mid-block location under mixed traffic conditions. The results indicate that the
pedestrian forced gap condition has significant effect on vehicular characteristics. The study
results may be useful for decreasing the travel time for vehicular drivers by controlling usage

of pedestrian forced gaps.
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1. Introduction

The un-protected mid-block location is
one of the important components in the
urban transportation system for pedestrian
activities under mixed traffic conditions
especially in countries like India. The
number of such un-protected mid-block
pedestrian road crossing activities has been
increasing in Indian context and growth of
these activities may also result in pedestrian
accidents. The increase in un-protected mid-
block pedestrian road crossings has been
significant effect on vehicular characteristics
such as an increase in travel times and
decrease in vehicle speed. At signalized mid-
block and intersection, there is the complete
right-of-way to pedestrians and vehicles as
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it results decrease in pedestrian and vehicle
conflicts as well as severity of conflicts.

There are numerous studies which deal with
the pedestrian road crossing behaviour at
intersection and mid-block locations.
The importance of these crossing studies
is related to the evaluation of pedestrian
facilities, traffic control features and road
safety treatments by means of before and
after crossing studies on pedestrians’
behaviour as well as safety. Pedestrians
need to cross the road at some location
during the course of travel and crosswalks
are important for pedestrians to cross
the road. The crosswalk locations should
provide safe and comfortable movement
(Persson, 1988). In general, there are two
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types of crossings i.e. at-grade and grade-
separated. If the pedestrians are completely
segregated (grade-separated) with vehicular
traffic, then there is no effect of pedestrian
crossings on vehicular flow characteristics.
The grade separated facilities are provided
exclusively based on the vehicle as well as
pedestrian traffic intensity. If, such grade
separated crosswalks are too apart from
each other, then pedestrians either change
their road crossing choice according to
their destination which will result in more
travel time or pedestrian will use forced
gaps to cross the roads. Also, due to poor
construction of grade separated facilities and
road side development, pedestrians usually
cross the road at unprotected mid-block
locations under mixed traffic conditions.
However, in mixed traffic condition it is very
rare to get adequate vehicular gaps to cross
the road. Hence, pedestrians will exhibit
non-complaint road crossing behaviour,
causing more interference with vehicles. It
leads to rigorous change in vehicular flow
characteristics such as speed and flow. A
number of research studies have been carried
out on vehicular flow characteristics on
freeways, bottlenecks, merged lanes etc., but
studies on effect of pedestrian crossing on
vehicular flow characteristics are very few.

In this context, the objective of present study
is to investigate the effect of pedestrian
crossing on vehicular speed. More precisely,
this research aims to study the vehicular flow
characteristics with and without pedestrian
crossings along the same roadway section
with same geometry properties. The paper
is structured as follows: Section 1 gives
the brief introduction of the pedestrian
mid-block crossing under mixed traffic
conditions. Section 2 describes the literature
review. Survey location and methodology is
presented in Section 3. Section 4 presents
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the results. Brief discussions of results are
presented in Section S and conclusions are
presented in Section 6.

2. Literature Review

The designing of pedestrian crossing facilities
at proper location is a complex problem under
mixed traffic conditions in countries like
India. The choice of a particular type of
pedestrian crossing facilities (at grade or
grade separated) influences the safety of
pedestrian and results in change of vehicular
flow characteristics. It is very important
to avoid the sudden change of vehicular
flow characteristics caused by unexpected
pedestrian crossings by improving typical
crossing locations usually by implementing
refuge median islands or signalized crossings
or complete segregation (grade separated)
by considerations of both vehicle as well as
pedestrian volume. In this line, Bak and Kiec
(2012) studied the influence of mid-block
pedestrian crossings on roadway capacity by
the simulation model. The results indicate
that the vehicular driver willingness to give
aright of way to pedestrians on urban roads
results in decrease in capacity reduction and
increase in delays and it is also observed that
there is significant reduction in roadway
capacity at zebra crossing locations.
Schroeder et al. (2012) found that effect
of pedestrian non-complaint behaviour
on vehicular capacity at the multilane
roundabout as a function of the driver yields
behaviour. Duran and Cheu (2012) studied
the effect of crosswalk location as well as
pedestrian volume on roundabout capacity
by the simulation model. From the results,
they concluded that if the crosswalk is placed
further upstream from the yield line then
the entry capacity of roundabout approach
increases. But, there is no significant change
in the entry capacity when the crosswalk
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is beyond three car-length upstream from
the yield line. Silva et al. (2013) studied the
effect of crosswalk location on roundabout
performance, it was considered with
vehicular flow and travel times by the
simulation model. The results proved
that there is a significant influence of the
pedestrian crossing in terms of average travel
time and for high vehicle traffic. Ashalatha
et al. (2013) studied the effect of bus stops
on capacity reduction of urban roads under
mixed traffic conditions. From the results,
they concluded that bus bays and curb side
bus stops can reduce the capacity of urban
roadways by 8.1% and 25.6% respectively.
Chandra et al. (2014) studied the effect of
pedestrian cross flow on capacity of urban
arterials in mixed traffic condition. From
the results, they concluded that pedestrian
volume of 100 ped/hour crossing the road
will reduce its capacity by 3.52 percent.

Farouki and Nixon (1976) studied the effect
of the carriageway width on speed of cars
in the special case of free flow conditions
in sub-urban roads. From the results, it was
found that the mean free speed of cars in sub-
urban area increases linearly with increase in
the carriageway width over a certain range
of width (5.2m to 11.3m). Yagar and Van
Aerde (1983) found that vehicular traffic
speed changes exponentially with change in
lane width. Raymond and Knoblauch (2000)
studied the effect of crosswalk markings
on vehicle speed. From the results, it was
found that drivers slightly reduce vehicle
speed by yielding to the pedestrians. Hakkert
et al. (2002) evaluated the effect of the
pedestrian crosswalk warning system on
vehicle speed by means of embedded flash
lights in pavement. The results inferred
that vehicle speed will reduce by 2 to §
kmph due to the yielding to pedestrians.
Some authors addressed the characteristics

of vehicles and pedestrians on different
crossing conditions by studying the three
conditions of the pedestrian crossing,
including crossing freely, crossing at non-
signalized crosswalk, and crossing at the
signalized crosswalk. From the results, they
concluded that selecting appropriate crossing
mode for pedestrians can effectively decrease
the vehicle delay, especially when the heavy
pedestrian flow exists (Shumin and Yulong,
2007).

The yielding behavior is affected by
various aspects of the roadway and driving
environment, including vehicle dynamics,
pedestrian’s behavior, roadway function and
design. The driver yield behavior is rarely
observed (those pedestrian waiting at curb
location) at un-signalized intersection under
mixed traffic conditions. The non-complaint
behavior of pedestrian and non- driver
yield behaviour the interaction between
pedestrian-vehicle increases at un-signalized
mid-block crosswalk locations. Dulaski and
Liu (2013) studied the interaction between
the pedestrian and vehicular driver at
un-signalized mid-block locations when
pedestrian is waiting at curb and stepping off
the curb. From the results, it was concluded
that, the driver yield behaviour is more when
the pedestrian steps off from the curb and it
is more during morning peak hours. Safety at
mid-block crosswalks depends on the ability
of drivers and pedestrians to recognize
potential conflicts. Some of the researchers
explored pedestrian safety at mid-block
crosswalk location and they concluded
that pedestrian safety is governed by driver
yield behaviour (Brumfield et al., 2013) and
some researchers have carried pedestrian
road crossing behaviour comparative study
between signalized and un-signalized mid-
block locations (Khatoon et al., 2013). But,
there is trade-off between pedestrian safety
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and vehicular flow characteristics (speed,
vehicular flow etc.) at un-protected mid-
block locations due to non-complaint road
crossing behaviour of pedestrian. Improper
modeling and designing of pedestrian
facilities have adverse effects on vehicular
flow characteristics and safety of pedestrian.
Also the type of regulation (signalized or
partial controlled) and road geometry play
a key role in vehicular flow characteristics
(Brumfield et al., 2013). Ottomanelli et al.
(2012) has developed pedestrian vehicle
interaction simulation based model and it
is useful to evaluate the pedestrian safety as
well as performance of the vehicular flow.
In the urban transportation system at some
locations (school zone and residential areas)
the effect of vehicular traffic is reduced by
implementing raised pedestrian crosswalks.
Some research studies were carried on effect
of raised pedestrian crosswalks on urban
vehicular traffic speed (Mohammadipour
et al,, 2012). However, the improper mid-
block crosswalk location was deliberates the
pedestrian crossing behaviour. Moreover
this crossing behaviour leaves a deleterious
impact on traffic stream. Few research
studies address the effect of pedestrian

crosswalk on capacity of urban arterials
at unprotected mid-block locations under
mixed traffic condition. However, very few
studies have employed effect of pedestrian
crossing on vehicle speed at unprotected
mid-block locations under mixed traffic
condition. In this background, the objective
of the study is to find out the vehicular
speed with considerations of vehicle flow
characteristics at two different locations with
and without pedestrian crossings.

3. Methodology

3.1. Site Selection

A zebra cross marked location was selected
to allow for a minimum pedestrian cross flow
at mid-block location to study the effect of
pedestrian crossings on vehicular flow. The
selected second location is approximately
300 m away from the previous location on the
same roadway corridor with same geometry
(mid-block location) and there was a full
barrier to prevent the pedestrian crossings
for the stable vehicular flow condition. The
photographs of the two locations are shown
in Fig. 1.

Location (1): Pedestrian zebra cross mid-block
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Location (2): Non-pedestrian crossing mid-block
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Fig. 1.

Study Locations and Traffic Composition (1) Vehicular Flow Interrupted by Pedestrian Crossing (2)

Uninterrupted Vehicular Flow Condition

3.2. Data Collection

Videotaping survey was conducted at both
locations during a normal weather working
day condition in Guntur, Andhra Pradesh,
India. The survey was conducted during two
peak flow conditions morning (8:00-10:00
AM) and evening (4:00-6:00 PM). The video
camera was located on top of a building.
The total road section was divided into 20
m sections of white cello tape to find out
the speed of the vehicle and also vehicular
flow values. The video was played in Corel
studio software in order to stop and view
the time frame and data was extracted atan
accuracy of 1in 33 sec. From each time step
(5 min), data were collected which includes
pedestrian and traffic characteristics. In
particular, to study the individual vehicular
effect by pedestrian crossing, data was
collected every S min and it is approximated
to hourly trafficin order to get the each hour
traffic flow characteristics. The collected
data include a number of pedestrians, type
of vehicle, vehicular flow, and vehicle speed.

3.3. Model Formulation

Explanations of traffic flow theory at a point
are based upon the three quantities speed (v),
flow () and density (k) usually considered
in traffic flow modeling. Analysis of their
definitions leads in the case of homogeneous
traffic directly to the formula that has
become known as the fundamental equation
(Greenshields, 1935). The fundamental
equation as follows:

g=k*v (1)

Where g is flow, measured in number
of vehicles per unit of time, k is density,
measured in number of vehicles per length
of the road, and v is the space-mean speed
(Lighthill and Whitham, 1955), measured
inlength per unit of time. This fundamental
equation can be accompanied by the
adoption of a model relationship to describe
the association between speed and density
as given in Eq. (2).
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v=f(k) (2)

Traffic flow can be analyzed effectively
based on these relationships ((Lighthill and
Whitham, 1955).

When Eq. (2) is populated with an explicit
form, any one of the three variables (speed
v, flow g, and density k) can be used to
calculate values for the other two, subject
to the ambiguity between free-flow and
congested flow values of q.

Complex models of traffic flow have been
developed that use Eq. (2) as an equilibrium
relationship for steady-state flows, towards
which traffic speed will relax over time and
the same relationships are also used for the
unsteady state of flow condition in order to
check the vehicular flow.

4. Results

4.1. Observations of Field Study

The descriptive statistics of the collected
speed of the each category of the mode was
presented in the Table 1. From the field survey,
itis observed that there is significant difference
between speeds of the vehicles at selected
locations (with and without pedestrian
crossing). The hypothesis test was conducted,
(the null hypothesis H : there is no significant
difference between with and without
pedestrian crossings on vehicular speeds and
alternative hypothesis H_: there is significant
difference) the null hypothesis rejected from
the ANOVA test and corresponding p-value
0.000 and F-value is 27.244. The ANOVA test
indicates that there is significant difference
means of with and without pedestrian crossing
on vehicular speeds.

Table 1
Vehicular Flow Characteristics Relationships with Pedestrian and without Pedestrian Crossing
Conditions
Speed in Kmph
Locati fvariabl
ocation Type of variable Minimum | Maximum | Mean Stafld.ard
deviation
All vehicles 8.6 35.86 21.04 6.85
Ll\‘;[?zt‘b"ln lk Car 114 28.96 214 | 884
(Mid-block 1= s 25.22 42.24 2824 | 7.65
with pedestrian -
crossings) Auto Rickshaw (Three wheeler) 8.24 24.04 14.22 9.64
Heavy vehicles 8.86 21.44 17.04 S.14
Location All vehicles 18.98 65.24 2875 | 16.02
2 (Non- Car 21.24 54.86 3244 | 1046
pedestrian Two wheeler 26.68 64.24 33.68 9.88
crossing mid- Auto Rickshaw (Three wheeler) 17.68 36.67 21.02 8.88
block) Heavy vehicles 14.86 32.64 1944 | 7.54
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4.2. Vehicular Flow Characteristics with
and without Pedestrian Crossing

The data such as vehicular flow, speed and
density were computed at pedestrian crossing
and pedestrian crossing restricted location.
In order to study the effect of pedestrian
crossing on vehicular flow characteristics
the total combined traffic was considered
and relationship were plotted between speed
and density, speed and flow, flow and density
and are presented in Fig. 2. The scattered
plot of data points recommended a straight-
line relation between vehicle speed and
density; quadratic relationship between
vehicular speed and flow, and vehicular flow
and density. In order to study the effect of

pedestrian crossing on individual vehicle;
individual vehicular flow, speed and density
(each type of vehicle separately treated)
were also measured from the field data and
relationships were also developed. From
these individual vehicular characteristics, the
driver’s yield behaviour at pedestrian crossings
can be studied. If the particular vehicular flow
characteristics change drastically, it implies
that vehicular drivers give more space to the
crossing pedestrian. The relationships were
developed for combined data (see in Table 2
and Fig. 2) and also for individual mode; the
calculated relationships from the analysis of
data at two study locations, are presented in
Table 2. The correlation coefficient R? varies
from 0.11 to 0.94 at various conditions.
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Traffic Flow Fundamental Diagrams with and without Pedestrian Crossing: (a) Speed and Density
Relationship, (b) Speed and Flow Relationship, (c) Flow and Density Relationship
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Table 2
Vehicular Flow Characteristics Relationships with Pedestrian and without Pedestrian Crossing
Conditions
Location Traffic Cross.nTg Relation Model equation R?value
Type Condition
Speed-density v=29.91-0.065 * k 0.647
1 Allvehicles | With pedestrian | Flow-speed q=v (29.91-v) /0.065 0.212
Flow-density q=k (29.91-0.065 * k) 0.676
Speed-density v=21.83-0.209 *k 0.404
1 Car With pedestrian | Flow-speed q=v (21.83-v) /0.209 0.38
Flow-density q=k (21.83-0.209 *k) 0.618
T Speed-density v=40.10-0.205 *k 0.645
1 wvl::eler With pedestrian | Flow-speed q=v (40.10-v) /0.205 0.201
Flow-density q=k (40.10-0.205 * k) 0.256
Auto Speed-density v=27.47-0.178 *k 0.415
1 ?}iﬁiﬁw With pedestrian Flow-speed q=v(27.47-v) /0.178 0.12
wheeler) Flow-density q=k (27.47-0.178 *k) 0.776
Speed-density v=139.91-0.101 *k 0.938
. Without
2 All vehicles . Flow-speed q=v(39.91-v) /0.101 0.565
pedestrian
Flow-density q=k (39.91-0.101 *k) 0.711
Speed-density v=29.89-0.264 * k 0.233
Without
2 Car edestrian Flow-speed q=v (29.89-v) /0.264 0.121
P Flow-density q=k (29.89-0.264 * k) 0.256
With Speed-density v=42.43-0.188 *k 0.556
2 Two thout Flow-speed q=v (42.43-v) /0.188 0.112
wheeler pedestrian
Flow-density q=k (42.43-0.188 *k) 0.256
Auto Speed-density v=34.92-0.293 *k 0.769
5 Rickshaw | Without Flow-speed q=v (34.92-v) /0.293 0.110
(Three pedestrian ] .
wheeler) Flow-density q=k (34.92-0.293 *k) 0.252

5. Discussion

The mathematical relationships were
developed between speed, density and
flow in the present study. The theoretical
vehicular speed was found as 30 kmph at
pedestrian crossing locations and 40 kmph at
restricted pedestrian crossing location (See
in Table 2, if the density (k) equal to zero for
all the vehicles case). From the field survey,
it is also observed that there is a reduction
in speed (7.7 kmph) at pedestrian crossing
location as compared to the pedestrian
crossing restricted locations. The speed
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represented here are average speed of all
the vehicles, including two wheeler, car
and auto rickshaw (three-wheeler). The
interaction between pedestrian and vehicles
will be more at un-signalized pedestrian
crosswalk locations and the change in
vehicular flow characteristics increase with
an increase in non-complaint behavior of
pedestrian as well as multiple stage of road
crossing behavior of pedestrian. From the
field survey, it is observed that, the higher
jaywalking or higher multiple stage of road
crossing behavior (forced gaps), parked
vehicles and waiting pedestrians for bus or
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auto further reduction in roadway width
results in an increase in interaction between
vehicles and pedestrian. It leads to further
reduction in vehicular speed as well as other
characteristics (flow etc.). The theoretical
capacities were observed as 3676 vehicles/
hour and 2486 vehicles/hour without
pedestrian crossing and with pedestrian
crossings respectively. The fundamental
diagrams of vehicular characteristics (all
vehicles) with and without pedestrian
crossings are shown in the Fig. 2. It shows
that there is a clear drop of the average
vehicle speed, increasing density and reduced
in vehicular flow with pedestrian crossing.

5.1. Variation in Vehicle Flow
Characteristics with Type of Vehicle
Considering Effect of Pedestrian
Crossings

The effects of pedestrian crossing on
individual vehicles were studied by
considering the variation of individual
vehicle flow characteristics. From the field
survey, it is observed that vehicles such as
car, two wheeler and auto rickshaw (three
wheeler) were more compared to heavy
vehicles (bus and trucks) at the selected
site. So, the individual variation was
carried for only car, two wheeler and auto
rickshaw. From this study, the individual

driver behaviour with effect of pedestrian
crossing can be observed. The variation of
car vehicle flow characteristics is shown in
Fig. 3. In particular, the average car speed
(theoretical speed which indicates that k=0
from the Table 2) was observed at pedestrian
crossing is 21.83 kmph and at pedestrian
crossing restricted location observed as 29.89
kmph. Due to interference the car drivers are
more affected due to pedestrian crossings
and interaction between pedestrian-car
is also high. The variation of two wheeler
characteristics with and without pedestrian
crossing is shown in Fig. 4. The two wheeler
speed was found as 42.43 kmph without
pedestrian crossing and 40.1 kmph with
pedestrian crossing (theoretical speed which
indicates that k = 0 for two-wheelers from the
Table 2). It is clearly indicated that there is
no significant effect of pedestrian crossing
on two wheelers when compared to the car.
Itis also observed from the field survey, the
two wheeler drivers change their vehicular
path instead of change in speed to yield to
pedestrians at crosswalk locations. From the
Fig. 3(b) and Fig. 4(b) of vehicle speed and
flow relationship, the theoretical capacity
value is higher for the case of two wheelers
when compared to the cars because there
is no change in two wheeler speed. It is the
indirect indication of the effect of pedestrian
crossing on two wheelers.

178 jjtte



Kadali B. R. et al. Effect of Pedestrians Un-Signalized Mid-Block Crossing on Vehicular Speed

3
by
g
B
2l
; 19t
ol | |
LX) 20000 0.0 60.00 80.00 10000 12000 L}
Dty b ve i 030 MM 400 4% W 10000 126
3 2 Density inveh/km
+ Theceseat curve [l re——— T T e i st
Figure 3(a)
] B
P — .m 04 | | I
Pl . LR | .
] ¥ e, -
Bt | | s YO | 3olves B [}
En Ll e w.’ |
ESE) B i
K 3
01 1 1 < 10
= POTT Lt & I

[P Toas®
T 1 il enspt®®

o4

| 1 ol | |
® w 0 0 w 1000 [} 210 ity a0 80 1080
Flow invehhoar . Flow in velihour
#Thecrstial curve MWithout pedsaaz crsaang foveas # Thesretical cuve W With prderian trommg for car
Figure 3(b)
o 500
50 1 1 /-“”\ 0
5 07 — 1 LT
5 %,
g 600 + T T Y éew
2 g I ] 1 % 2 5w /‘"“\\
E . H
£ * Eim =d \.
§m o= e g '#. ",
= ! I I s £ ,
& m . E 1 u,
100 1+ * 0 .
) 1 | 1 1 L2 o 2 | fa
000 2000 B0 6B 800 10900 12000 08 000 4000 60O B0 10040 100
Density in vehkm Density in vehlan
B B e ——— *Thecebcal cuve Wit pdererian cromin foe e
Figure 3(c)

Fig. 3.
Traffic Flow Fundamental Diagrams with and without Pedestrian Crossing for Car: (a) Speed and
Density Relationship, (b) Speed and Flow Relationship, (c) Flow and Density Relationship

w0 o
t FP I
oy
w30 5 ",
H - g
1 <
* i9s 3
52 i u|
T 2
i i
s P
5 o
L ool Lo T ) L T R )
Deasicy in vebm Dessity in veb
+ Therrtical cave W Wihet podroian aovsing for 2 «Themescal ave Wi pedesvian aosming for v
Figure 4(a)
w
* 3
i 5
2 ™
L %;
3= 318
En };
B
o -
o o) wo 1S 0 30 29
Flow in vebhour Flow ia velhour
SThewitclove WU pedertin coming for + sl e WWith pedesizn roming o e
Figure 4(b)
00 2500
000
£ 2000
& :
5
g foo
£ o - &
H i s
£ i 2 R
0
0
o | l | A
00 W 10000 1500 080 25000 0
Doasiy i 000 €000 10000 1600 20000 2000
*Thacialanve  WWiboa pedoian aossing o 2w bl eve S b sesiag for 2w
Figure 4(c)

Fig. 4.
Traffic Flow Fundamental Diagrams with and without Pedestrian Crossing for Two Wheeler: (a) Speed
and Density Relationship, (b) Speed and Flow Relationship, (c) Flow and Density Relationship

ijtte. 179



International Journal for Traffic and Transport Engineering, 2015, 5(2): 170 - 183

The variation of auto rickshaw characteristics
with and without pedestrian crossings is
shown in Fig. 5. The average speed of auto
rickshaw was observed as 34.92 kmph when
the pedestrian crossing restricted and 27.47
kmph with pedestrian crossing (theoretical
speed which indicates that k = 0 for auto
rickshaw (three wheeler) from the Table 2).
There is a significant change in auto rickshaw
speed with effect of pedestrian crossing.
From these results, it inference that car and
auto rickshaw has significantly changed their
vehicular speed while yielding to pedestrians
who are already in crosswalk location under
mixed traffic conditions. In case of two
wheelers, there is possibility of change in their
vehicular paths to yield to pedestrians when

they are in crosswalk location. However,
the overall flow characteristics of car and
auto rickshaw were changed drastically
when compared to the two wheelers. Some
research studies were carried to study the
effect of pedestrian crossings on vehicular
flow by converting all the vehicles into single
passenger car unit (PCU) value (Chandra et
al., 2014). But, in this study, the analysis was
carried with individual vehicles in order to
quantify the effect of pedestrian crossing on
each individual vehicle. Furthermore, there is
anincrease in pedestrian cross flow leading to
further reductions in vehicle speeds, because
the pedestrian platoon has higher chance to
cross the road when compared to individual
pedestrians.
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Early research studies show that the effect of
reduction carriageway width by bus stops on
urban capacity (Ashalatha et al., 2013). In
this study, it is found that there is significant
effect of parked vehicle or improper bus stop
locations on vehicular flow characteristics.
Perhaps, the improper bus stop locations
leads to pedestrian cross the road at any
point of mid-block locations and further
the non-complaint behavior of pedestrian
increase with increase in irregularity of
stopping vehicles for passenger boarding
and alighting (this is not only for the
public transportation like bus, it is also
true with Para-transportation system such
as auto rickshaw in countries like India).
Further, these vehicles (auto rickshaw)
more flexibility in stops at any point of
location also leads to cross the pedestrian at
different point of mid-block with or without
crosswalks. The present study highlights the
change in vehicular speeds with respect to
pedestrian crossings and it found that there
is significantly reduction in vehicle speed.

6. Conclusions

The vehicular flow characteristics were
studied at un-signalized mid-block
pedestrian crossing and pedestrian
restricted crossing in Guntur, India. The
vehicular speeds were implicitly affected
with pedestrian crossing when compared to
without pedestrian crossing location under
mixed traffic conditions. The theoretical
capacity is significantly reduced with
pedestrian crossings for car. However,
increase in capacity is observed with
pedestrian crossings in case of two-wheeler.
The underlying fact is the variation of the
speed of the car and two-wheeler. In case of
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auto rickshaw (three wheeler) also there is
a significant drop of speed value. From this
study, it concluded that the car and auto
rickshaw driver yielding to pedestrians in
terms of speed is more when compared to
the two wheeler drivers. The increase in
reduction of vehicle speed significantly
affects the travel time of vehicular drivers
and it further has influence on the fuel
consumption. However, the driver yield
behaviour is the tradeoff between pedestrian
safety and vehicular flow characteristics.
This study clearly indicates that the
importance of pedestrian crossing facilities
and the barrier effect on the vehicular flow
characteristics. The judgment of segregating
pedestrians from vehicular traffic should be
based on the number of pedestrian accidents,
illegal pedestrian crossing and demand
of pedestrian as well as vehicular flow.
However, this study has some limitations,
in this study the effect of pedestrian crossing
on the heavy vehicle is not addressed
because of less heavy vehicle flow at selected
location. This study result is restricted to
single location of 4-lane divide roadway
characteristics. There is a need to study
the other crosswalk locations with varied
roadway geometry and crosswalk types.
It is also important to address the effect
of pedestrian behavioural characteristics
(change in pedestrian speed as well as
crossing path) on vehicular characteristics
under mixed traffic condition. In spite of
these limitations, this study result has great
inferences for pedestrian crossing facilities
for urban planning policies and design
practices for controlling the pedestrian
crossings as well as proper location for the
pedestrian crossing under mixed traffic
conditions.
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