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Abstract- A contemporary roundabout is a crossroads with a
circulation roadway where traffic flows continuously in one
direction around the central island that leads to the approach
legs' exits. Vehicle speeds are also modest. The following steps
make up the iterative process of modern roundabout design:
(1) determining that the roundabout is the best traffic solution;
(2) defining the number of lanes at the intersection based on
the level of service and required capacity; (3) designing the
roundabout geometry initially; (4) designing the vehicle swept
path, the fastest path analysis, and visibility performance
checks; and (5) designing the roundabout in detail if the
performance checks' findings support the design criteria.
Compatibility between the initial roundabout geometry design
parts must be carefully considered because they are not
independent. Roadway design includes the following steps:
establishing the road alignment; calculating sight distances,
radii of horizontal curves, and lengths of vertical curves;
charting the alignment profile using bearings or co-ordinates
(easting and northing); determining stations and elevations of
points along the proposed route; calculating earthwork
quantities; and many other studies and calculations. These
computations are performed to find the optimal alignment
while fulfilling design specifications. Manual geometric design
is extremely time-consuming, labour-intensive, and prone to
costly errors. There is currently a need for computer software
to be used in the planning of roadway geometry. The software
offers huge time and effort savings and is incredibly accurate.
In this study, a comprehensive geometric design of a typical
roundabout is presented using both AutoCAD and MX ROAD
software considering three roundabouts in Bhopal (M.P)
which have majorly reported fatal accidents. Enabling the 3D
visualisation of the design saves money and time.

Keywords- approach alignment; outer radius; circulatory
roadway; apron; splitter island; roundabout entry; roundabout
exit; longitudinal slope.

I. INTRODUCTION

In the UK, the yield-at-entry regulation, which gave
circulating traffic precedence over incoming traffic, was
implemented in the 1960s, marking the beginning of the
construction of contemporary roundabouts. During the 1980s,
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modern roundabouts began to appear in several European
countries. Roundabout development has accelerated in Europe
over the past three decades. Among European nations, France
has the most roundabouts (63,212), followed by Spain
(36,762) and Italy (30,917). Other nations that are pursuing
major roundabout development programs include the
Netherlands, Sweden, Switzerland, Denmark, Finland,
Germany, and Austria.

The process of designing a modern roundabout is
iterative and starts with determining that the roundabout is the
best traffic solution under the circumstances. Choosing the
outer radius to determine the intersection's size, drawing out
the approach leg axis, and establishing the geometry of the
design features on the roundabout entrance and exit lanes,
circulation roadway, and central island are all included in the
initial roundabout design. Following the roundabout's initial
design, three performance tests are often conducted: the
analysis of the fastest path, the visibility checks, and the
design vehicle sweeping path. The geometry of the elements
used in the first design phase is changed if the findings of
these checks do not match the design suggestions.

Design standards and guidelines that are utilised in
Croatia, Austria, France, the Netherlands, Germany, Serbia,
and Switzerland are provided in this entry for the original
design of individual geometric elements at a suburban single-
lane roundabout. The following factors led to the selection of
these documents. The outer radius, the circulatory route, the
apron, the splitter islands, the entry and exit design, and the
longitudinal slopes of the approaches and/or the intersection
plane are the geometric components of suburban roundabouts
that are typically defined by each of them. Second, the shapes
and sizes of the intersection design elements are influenced by
the various topography and geography of the nations from
which these papers are derived. Switzerland and Austria, for
example, have primarily mountainous topography, while the
Netherlands has primarily flat landscape. In France, Germany,
Croatia, and Serbia, all sorts of terrain are simultaneously
represented. Third, the documents were chosen based on the
year of their publication, which ranges from 1991 (when
Swiss rules were published) to 2014 (when the most recent
Croatian standards for suburban roundabouts were released).
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In particular, the major building of roundabouts in all of the
aforementioned countries occurred throughout this 23-year
span, thus we think it would be interesting to see if and how
roundabout design methodologies evolved during that time. In
thisresearch, the Federal Highway Administration (FHWA)
requirements are excluded due to the fact that the American
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design vehicles utilised in the sweeping path analysis (and,
hence, the roundabout design elements' size) are larger than
those seen on European roads. British and Australian traffic
drives on the left, which is why the UK and Australian
requirements are not included in this section.

Fig 1: Roundabout and movement of vehicles

Il. REVIEW OF LITERATURE

Aman Mewara and Rakesh Mehar (2024) used smart city
principles to develop the perfect smart road for Vidisha City
and to show how accurate geometric design can be completed
quickly.

From an engineering standpoint, precise horizontal
alignment was produced utilising the AutoCAD Civil3D
software, which is both practical and sound. Proper vertical
geometry is crucial for any road to facilitate vehicle
movement, so we used the data from the codes to define and
sketch the road's requisite vertical profile. The efficiency of
the road will also be increased and vehicles will be able to
travel through the intersections safely, securely, and without
congestion if they are designed using the same software at
both ends. The practical and sound road may be more
efficiently aligned by collecting traffic information and
examining the existing research area. AutoCAD Civil 3D's
capabilities eliminate the main disadvantages of a manual
design process, which is time-consuming, tedious, and
extremely prone to expensive mistakes. Through the support
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of design checks for several codes, AutoCAD Civil 3D
provides a global platform for design and analysis.

Bara Al-Mistareh et.al (2024) sought to create models for
forecasting the circulating speed for through movement as a
function of the roundabout's land use, geometric features, and
the approaching highway free-flow speed by examining the
speed profiles before, at, and after thirty chosen roundabouts
in Jordan. Video images were analysed for geometric features,
and speed data was recorded using a laser radar gun. The
circulating speed was simulated using several characteristics,
such as the roundabout diameters, free flow speed, entry
deviation angle, approaching highway exit width, circulating
roadway width, and introduction width. Six different types of
roundabouts with varying land uses and geometric features
have speed profiles created for them. The roundabout impact
was shown to reduce speed upstream of the entry and
downstream of the exit for 150 meters.

The street free flow speed (FFS) upstream influences
the rate of decline, with the last 50 meters upstream of the
entry showing the biggest drops, according to the results. The

www.ijsart.com



IJSART - Volume 11 Issue 5 — MAY 2025

speed at the exit was higher than the speed at the entry, and
there was variation in the speed readings about the middle of
the cycle lane.

Raffaela Cefalo et.al (2024) showed that operating speeds on
horizontal curves and tangents on two-lane rural highways
with low tortuosity alignments regularly surpassed both the
design speeds and the maximum allowable design speed for
the road category. Therefore, it is considered unfeasible to use
the design speed to evaluate consistency on these roads, and
using operational speed presents difficulties because of speeds
that are higher than the maximum allowable limit. Insufficient
research has been done on two-lane rural highways with low
tortuosity alignments, so the goals were to investigate the
relationship between design consistency and safety levels and
to suggest speed-control measures to keep the maximum
operating speed within the maximum allowable speed range.
Operating speeds on roads with low tortuosity alignment are
shown to be significantly more dependent on the alignment's
general features (as measured by the required speed in
operating speed models). It is also only possible to evaluate
speed consistency when the maximum operating speed
(desired speed) is strictly controlled. Furthermore, it is advised
to use a particular kind of speed control, which is
accomplished by setting a restriction on the road section's
curvature change rate (CCR) according to the intended speed
(environmental speed), the assessment of which becomes
essential.

Ankit Verma and Akhilesh Nautiyal (2023) Using NH-05 as
a case study, the research considered future traffic forecasts
and all safety measures recommended by the Indian Road
Congress (IRC) to build the existing highway to improve its
geometric features. All designs were created using the
OpenRoads software, which held the design speed constant at
50 kmph. The carriageway width is set at 7.5 meters, the
shoulder width is set at 2.4 meters, and the overall width of the
road is 13.0 meters. The maximum super-elevation is 7%, and
the cross-slope or camber is 2.4% for bituminous surfaces and
3.6% for earthen surfaces.

Mostly traversing rugged, mountainous terrain, the
alignment has a high curvature of more than 200 degrees per
km and a cross slope of 45% to 60%. There are even a few
hard uphill points in the course. Because the road is orientated
along the face of the hill, the project road has a valley on one
side and a hill on the other. The maximum superelevation is
7%, and the cross-slope or camber is 2.5% for bituminous
surfaces and 3.5% for clay surfaces. Furthermore, a 0.6-meter
additional carriageway widening will be implemented at
curves.
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Pankaj Raghuwanshi et.al (2023) Utilising MX Road
Software, the goal was to enhance the Balampur Ghat
Section's vertical profile and horizontal alignment on the
Bhopal-Vidisha State Highway Road (SH-18). For Madhya
Pradesh's State Highway No. 18 (SH-18), the Alampur Ghat
portion, which is around 2.0 km long, the horizontal alignment
and vertical profile have been designed. Heavy commercial
traffic travels on SH-18, which connects Bhopal in the
Madhya Pradesh state to Vidisha. Balampur ghat section is
hilly terrain and has two improper horizontal curves along
with a 6.5% vertical gradient because of this reason the section
is not safe for deriving, therefore, it has become an accident-
prone area and the accident-prone area has human and
economic losses so it should be improved and redesign of the
horizontal and vertical alignment for safe design speed.

Both improved alignments adopt a desirable
minimum radius for horizontal curves, with the exception of
chainage km 14.213 in improved alignment-1, where the curve
radius is less than the desirable minimum but still greater than
the absolute minimum radius values. The adopted design
speeds for mountainous terrain are 60 kmph for the ruling
design speed and 40 kmph for the minimum design speed. The
increased design speed for road users and the reduction of
accident frequency and delay time at existing roads are the
goals of both improved alignments.

Prashant Agarwal et.al (2023) Autodesk Civil 3D transforms
roadway design while reducing errors and saving time. In
addition to maintaining engineering standards, it offers
comprehensive solutions. The process is accelerated by real-
time analysis and tasks are automated. Future studies can look
at a variety of data kinds and complex situations. Through the
collection of traffic data and accurate road alignment, the
program streamlines the process. Specifications are met by
spiral transition curves, and all curves follow the guidelines.
Geometric design enhances geometry, is easy to use, and
enables checks when creating 3D roads with Autodesk Civil
3D. It facilitates accurate computations, the application of
superelevation, and the design of corridors and assemblies.
The last tool that Autodesk Civil 3D gives designers is useful
for building highways.

I11. CONCLUSION

A growing body of literature has investigated the
safety performance of roundabouts, with a particular focus on
the incidence and nature of traffic accidents. Roundabouts,
increasingly adopted as an alternative to signalized
intersections, are widely recognized for their potential to
enhance traffic flow and reduce severe collisions due to their
geometric and operational characteristics. Numerous empirical
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studies suggest that roundabouts are generally associated with
lower rates of fatal and injury crashes when compared to
traditional intersections. This reduction is primarily attributed
to the elimination of right-angle and head-on conflicts, which
are typically more severe. However, despite their overall
safety benefits, roundabouts are not immune to traffic
accidents. Several surveys and observational studies have
identified that minor collisions, particularly those involving
property damage only, remain common. These often stem
from inadequate driver comprehension of yielding rules,
improper lane usage, and insufficient signage or visibility.
Research by Daniels et al. (2010) and Elvik (2003) provides
robust evidence that roundabouts lead to a significant decrease
in severe crashes but can result in an increase in minor
accidents. This paradox highlights the complexity of
roundabout safety performance and the need for contextual
analysis. For instance, the conversion of signalized
intersections to roundabouts has been shown to reduce injury
crashes by up to 75%, yet studies such as those by Retting et
al. (2001) also report increases in rear-end collisions and side-
swipes due to driver hesitation and abrupt stops. These types
of crashes are often more frequent at multi-lane roundabouts,
where lane discipline and navigation errors become more
pronounced.

Vulnerable road users, such as cyclists and
pedestrians, also present a critical dimension in roundabout
accident research. Studies have shown mixed outcomes: while
lower vehicle speeds in roundabouts enhance pedestrian
survivability, cyclists face increased risks due to potential
conflicts with motor vehicles, especially in poorly designed
facilities lacking segregated bike lanes. Additionally, research
from the United Kingdom and the Netherlands underscores the
influence of roundabout design on accident rates. Features
such as central island size, entry curvature, visibility, and the
presence of splitter islands have been found to affect driver
behavior and, consequently, accident occurrence.

Surveys employing both police crash records and
self-reported data have further revealed that nighttime
accidents, adverse weather conditions, and inadequate lighting
contribute significantly to roundabout-related crashes. Driver
unfamiliarity with roundabout navigation also remains a
persistent issue, particularly in regions where such
infrastructure is relatively new. Consequently, educational
campaigns, improved signage, and enhanced design standards
have been advocated in the literature as means of mitigating
accident frequency.

In conclusion, while roundabouts offer substantial
safety improvements over conventional intersections,
particularly in terms of reducing severe crashes, they present
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ongoing challenges related to minor accidents and user
comprehension. The literature advocates for a holistic
approach  encompassing engineering, education, and
enforcement to maximize the safety benefits of roundabouts.
Continued empirical research, especially with disaggregated
data and long-term evaluation, remains essential to refining
roundabout design and implementation strategies.

REFERENCES

[1] itwina Ratri Rosaria, Andri Irfan Rifai and Joewono
Prasetijo, [THE GEOMETRIC DESIGN OF
HORIZONTAL ALIGNMENT: A CASE OF POST-
HARVEST INFRASTRUCTURE CORN DRYING
CENTER, TUBAN, EAST JAVA], Indonesian Journal of
Multidisciplinary Science, Vol. 1, Special Issue, No. 1,
December 2022.

[2] Bhashkar and Dr. A.K. Mishra, [UP-GRADATION OF
GEOMETRIC DESIGN OF MAJOR DISTRICT ROAD
(MDR 26B)], International Journal of Science
Technology and Management, Volume no.10, Issue No.
9, September 2021.

[3] Yifei Zhao, Xinzhi Ying and Jingru Li, [Research on
Geometric Design Standards for Freeways under a Fully
Autonomous Driving Environment], Appl. Sci. 2022, 12,
71009.

[4] Pankaj Raghuwanshi, Dr. Rajeev Jain2 , Prof. Sanjay
Saraswat3 , Deepti Gangele, [Improvements in the
Horizontal Alignment and Vertical Profile of Balampur
Ghat Section in Bhopal-Vidisha State Highway Road
(SH-18) using MXRoad Software], International Journal
for Research in Applied Science & Engineering
Technology (IJRASET) ISSN: 2321-9653; IC Value:
45.98; SJ Impact Factor: 7.538 VVolume 11 Issue VIII Aug
2023.

[5] Sasa Ahac and Vesna Dragcevi, [Geometric Design of
Suburban Roundabouts], Encyclopedia 2021, 1, 720-743.
https://doi.org/10.3390/encyclopedial030056.

[6] Towhidul Islam, S. M. R. Rahman and Md Saiful Amin,
[INTERSECTION DESIGN AS A ROUNDABOUT], 5
th International Conference on Civil Engineering for
Sustainable Development (ICCESD 2020).

[7] Ameera Alkhlaif and Abdulla Galadari, [Identifying the
risk factors affecting crash severity at intersections with
considering crash characteristics and signal configuration
using an ordered logistic model], Proceedings of the 2018
Advances in Science and Engineering Technology
International Conferences.

[8] Prashant Agarwal, Tushar Singh, Tanish Choudhary,
Rajat Verma, Satwik Singh and Vivek Kumar Kaul,
[GEOMETRIC DESIGN OF ROAD REMOTELY
USING CIVIL 3D], International Research Journal of

www.ijsart.com


https://doi.org/10.3390/encyclopedia1030056.%C2%B4

IJSART - Volume 11 Issue 5 — MAY 2025

Modernization in Engineering Technology and Science,
Volume:05/Issue:06/June-2023, ISSN: 2582-5208.

[9] Amit S. Chame, Dr. M.R. Vyawahare and A.R. Bijwe,
[Case Study on Highway Geometry for Two Lane
Highway], International Research Journal of Engineering
and Technology (IRJET), Volume: 09 Issue: 09 | Sep
2022, ISSN: 2395-0072.

[10] César de Santos-Berbel,Mohamed Essa, Tarek Sayed and
Maria Castrol, [Reliability-Based Analysis of Sight
Distance Modelling for Traffic Safety], Hindawi Journal
of Advanced Transportation Volume 2017, Article ID
5612849, 12 pages.

[11]Raffaela Cefalo, Tatiana Sluga, Giulio Ossich and
Roberto Roberti, [Assessment of Design Consistency for
Two-Lane Rural Highways with Low Tortuosity
Alignment], Sustainability 2024, 16, 987.

[12] Aman Mewara and Rakesh Mehar, [Design of smart road
from Durganagar square to Ahmedpur junction (Vidisha
city) as per smart city guidelines], JETIR October 2024,
Volume 11, Issue 10, ISSN-2349-5162.

[13]Prasanna P N, Dr. Prakash P, Mr. Suhas R,
[COMPARATIVE ANALYSIS OF GEOMETRIC
DESIGN OF HIGHWAY USING AUTOCAD CIVIL 3D
AND MX ROAD], International Research Journal of
Engineering and Technology (IRJET), Volume: 09 Issue:
10 | Oct 2022, ISSN: 2395-0072.

[14]Payal Gaikawad,Sujesh. D. Ghodmare and Prashant
Sandel, [A STUDY- GEOMETRIC DESIGN OF
HIGHWAY WITH THE HELP OF AUTOCAD CIVIL
3D], JETIR August 2020, Volume 7, Issue 8, ISSN-2349-
5162.

[15] Manoj Mandal, Dr. Prashant Pawade and Prashant Sandel,
[Geometric design of highway using Civil 3D], (Volume
5, Issue 3), ISSN: 2454-132X, 2019.

[16]Ankit Verma and Akhilesh Nautiyal, [Sustainable
Approach for Geometric Design of Highway using
OpenRoads: a Case Study of NH-05], Journal of Mining
and Environment (JME), Vol. 14, No. 3, 2023, 825-837.

[17]Pradeep Patange, Brijbhushan, Siddharth Baeen and
Maneeth.P.D, [Evaluation of highway geometric design to
achieve clear visibility envelopes by using Mx road ss4],
International Journal of Scientific Development and
Research (IJSDR), September 2019 1JSDR | Volume 4,
Issue 9, ISSN: 2455-2631.

[18] Ameyu Abeyo, [Design of Highway Route Connecting A
and B by Considering Safety and Economy], International
Journal of Advanced Information Science and
Technology (IJAIST) ISSN: 2319:2682 Vol.5, No.11,
November 2016.

[19]Ali Ashraf, Nishant Singh, Yashraj Shrivastava and JS
Vishwas, [DESIGN OF SUB-ARTERIAL URBAN
ROAD USING MXROAD SOFTWARE], International

Page | 1096

ISSN [ONLINE]: 2395-1052

Research Journal of Engineering and Technology
(IRJET), Volume: 05 Issue: 05 | May-2018, ISSN: 2395-
0072.

[20]Bara Al-Mistarehi, Rana Imam, Majdoleen M. Al-
Shawabkah, Amir Shtayat and Aslam Al-Omari,
[Assessing the Effect of Geometric Design and Land Use
on Roundabouts Using Video Camera], Civil Engineering
Journal Vol. 10, No. 11, November, 2024, ISSN: 2476-
3055.

[21] Diachuk, M.; Easa, S.M. Guidelines for roundabout
circulatory and entry widths based on vehicle dynamics. J.
Traffic Transp. Eng. 2018, 5, 361-371.

[22] Montella, A.; Turner, S.; Chiaradonna, S.; Aldridge, D.
International overview of roundabout design practices and
insights for improvement of the Italian standard. Can. J.
Civ. Eng. 2013, 40, 1215-1226.

[23] Sethi, M., Smart Cities in India: Challenges and
Possibilities to attain Sustainable Urbanisation #.
Nagarlok - Journal of Indian Institute of Public

Administration...0027-7584, 2015. 47: p. 20.

[24]Verma, A., H. Vajjarapu, and G. Harihara Subramanian,
Evolution of Urban Transportation Policies in India: A
Review and Analysis. Transportation in Developing
Economies, 2021.

[25]Ng, C.P., et al.,, Road infrastructure development and
economic growth. IOP Conference Series: Materials
Science and Engineering, 2019. 512: p. 012045.

www.ijsart.com



