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Abstract: Geometric highway design involves the creation of visible elements like horizontal alignment, vertical profile, cross-
sectional features, sight distances, curves, and superelevation, all vital components in maintaining road safety. Concentrating on
the stretch of road from Bhopal to Salkanpur, specifically the area around Salkanpur Ghat in Madhya Pradesh, India, this
research aims to enhance the horizontal and vertical geometry using Civil 3D Software. Spanning approximately 1.860 km in
hilly terrain, this section poses significant risks with sharp curves and steep vertical gradients ranging from 6.5% to 7%. These
conditions contribute to its status as an accident-prone area, resulting in both physical and economic losses. The outputs
demonstrate that both improved alignments have shorter lengths compared to the existing road, with smoother curves and
reduced maximum gradients (5.3% compared to 7%). Moreover, the minimum design speed has significantly increased from 20
kmph to 65-80 kmph, indicating enhanced safety and efficiency for vehicular traffic."

Keywords: Civil 3D Software, Geometric Design, Road, Manual Method, IRC, Design Speed, Superelevation Introduction.

L. INTRODUCTION
Highway geometry elements are expected to be selected, sized and positioned in a way that satisfies such design criteria as sight
distance, vehicle stability, driver comfort, drainage, economy, and aesthetics. The road design procedure using AutoCAD Civil 3D
has been presented. Manual geometric design of the same road was also performed, the results of which was compared favourably
with that of AutoCAD Civil 3D.
Objectives of the project-
1) To study the various geometric features of road.
2) To design geometric features by using civil 3D Software.
3) To determine safe geometric features of a road to minimize the accident rate.

1. STUDY AREA LOCATION-
The study area is located in Sehore district Ichhawar taluka, the project road start from Bhopal to Salkanpur road. Length of stretch
is 2.8 km. Project area passes through Hilly and Mountainous terrain. Existing study area consists of asphalt road and Soil Road.
The alignment comprises of significant Sharpe horizontal curves which would require geometric corrections

1. DATA COLLECTION
Gathering information and systematically analysing data from a survey conducted within the study area to gain a comprehensive
understanding of the chosen area. This process enables thorough evaluation of outcomes and responses to research inquiries.

A. Surveying

Data from reconnaissance surveys are typically used to plan detailed surveys and investigations, aiding in the selection of potential
alignments for alterations or adjustments. During preliminary surveys, survey specialists utilize total stations to gather essential data
such as latitude, longitude, elevation, and other necessary measurements along proposed alternate alignments. Finally, the centreline
of the ground is determined during the final location survey.
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PROJECT LOCATION ON SATELLITE IMAGE

Existing Ghat Start Point
(Ch 0)

Existing Ghat End Point
(Ch. 2+730)

B. Traffic Volume Count

To decide the number of lanes and roadway width, pavement design, economic analysis traffic surveys are conducted. The main
focus of traffic survey is to determine of vehicle composition in traffic stream which helps to design geometric features of the road.
Cumulative ESAL applications over 20 years @ 5% growth rates.

N = To x 365 x (1+r)"— 1 x L

r
Where,

To = ESAL per day = number of commercial vehicles per day
in the year of opening x VDF

L = Lane distribution factor = 1 for single lane / intermediate
lane

Assuming a uniform annual growth rate “r” of 6% over the
design life (n) of 10 years

Cumulative ESAL applications (N) over the design life can be
computed by substituting the values,

(AVA DESIGN OF FLEXIBLE PAVEMENT FOR 20 YEARS AS PER IRC 37:2018

Data,

1. Two Lane carriageway

2. PCU = 3645

3. No. of commercial vehicles as per last count (P) = 241 CVPD

4. Traffic growth rate per annum (r) = 5%

5. Design life (n) = 20 years

6. Vehicle damage factor (F) =3.1

7. CBR of subgrade soil = 8%

8. Lane distribution factor (D) = 0.50

9. Initial Traffic in the year of completion of construction in terms of the number of commercial vehicles per day (A)

=265
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Calculation of MSA is given by formula,

365 x [(1+r)r-1]
N = xAxDxF

N=4.9 MSA (Say 5 MSA)
For traffic adopted 5 MSA design crust composition is considered as per IRC 37:2018- Fig. 12.4 Catalogue for Pavement with
Bituminous Surface Course with Granular Base and Sub-base - Effective CBR 8% (Plate-4)

Pavement Layers Design Crust
BC 30
DBM 50
Granular Base 250
Granular Sub Base 150

V. TOTAL STATION

Total Station is a combination of Electromagnetic Distance Measuring (EDM), Theodolite and Microprocessor used to measure
horizontal angles, vertical angles and sloping distances of the objects. It gives high accuracy, easy to work and tasks can be
completed in time. For each point or station, codes are created and entered and surveying is started at different stations. Northing,
easting, elevation of the ground co-ordinates was obtained along the proposed alignment. These co-ordinates enroll for map making
and plotting contour and cross section in AutoCAD civil 3D. At end of the work/ the details stored in the instrument is downloaded
to computer further used for AutoCAD civil 3D.
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Figure-02 CSV File for import survey in Civil 3D Software
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VI. AUTOCAD CIVIL 3D
AutoCAD civil 3D is a tedious process but after several rehearsal it will be easy, needs a training, taken a lot of practices to become
fluent, and prepared to get this technique right. Below flow chart shows the general review of AutoCAD civil 3D design procedure.

PROPOSED PROFILE

Figure-03 Flow chart of Geometric design in Civil 3D Software

Select the file of the survey points which is saved in notepad or in excel sheet to import the points to AutoCAD civil 3D. Create the
surface for the existing ground surface, create alignment for the profile and select criteria-based design, create corridor to run

corridor in 3D view, develop sample lines and assembly to create cross sections and to generate volume report. All these can be
viewed in object viewer. The below figures show the design procedure-
. Y v

@ e @ H PO s ROl

|m o - o0 x

BAB-——

Figure: - 04 Survey File in CSV file format. Figure: - 05 Imported Survey Data Output.

[ Click on Surface than |
_ (Crestesurface
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Figure: - 08 Create Proposed Alignment on Surface. Fig: - 09 Created Proposed Alignment on Surface.
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Figure: - 11 Created Alignment
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Figure: - 14 Create a Assembly
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(" Click on “Corridor” than |
“Create Corridor”
Tools

VII. OUTPUT OF THE DESIGN
The aim of re-alignment of the Salkanpur ghat section (Bhopal — Salkanpur Road) is to improve the horizontal geometry and
vertical geometry as per IRC specification and also increase the speed on that section with more safety. Improvement plan on
google earth of the road section is given below-

VIIl.  CONCLUSION
The objective of the study was to improve the horizontal alignment and vertical profile of the Salkanpur Ghat Section along the
Bhopal-Kolar Dam-Salkanpur Highway in Madhya Pradesh, following IRC recommendations. The project aimed to implement two
enhancements to the current roadway in line with IRC guidelines, while also addressing high-risk zones for accidents.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 2112




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue VI June 2024- Available at www.ijraset.com

REFERENCES

[1] S.A. Raji, A. Zava, K. Jirgba, A.B. Osunkunle, “Geometric Design of a Highway Using Autocad Civil 3d”, Journal of Multidisciplinary Engineering Science
and Technology (JMEST), Volume 4, Issue 6, June 2017.

[2] Ananya Augustine, Sahimol Eldhose, “3D Model for Highway Alignment”, International Journal of Scientific Engineering and Research (IJSER), Volume 4,
Issue 3, 2016.

[3] Dr. Md. Kamruzzaman, Tanzila Islam, Smrity Rani Poddar, “Accuracy of Handheld GPS comparing with Total Station in Land Use Survey: A case study in
RUET campus”, International Journal of Innovation and Applied Studies (IJIAS), Volume 7, No.1, July 2014.

[4] ‘Yaguba Jalloh, Anuar Ahmad, Zulkarnaini Mat Amin and Kuyoro Sasaki, “Conventional Total Station versus Digital Photogrammetry in Land Development
Applications” Journal of Environmental and Analytical Toxicology (JEAT), Volume 7, Issue 1, January 2017.

[5] Chen-Fu Liao, David M. Levinson, “ROAD: Interactive Geometric Design Tool for Transportation Education and Training”, Journal of Professional issues in
Engineering Education and Practice, Volume 139, No. 2, April 2013.

[6] Anitha Jacob, Dhanya R, Anjaneyulu. M.V.L.R, “Geometric Design consistency of multiple horizontal curves on twolane rural highways”, Elsevier, 2013.

[71 Naman Agarwal, “Design of Rural Road in Uttarakhand”, International Journal of Research in Engineering and Technology, Volume 4, Issue 1, January 2015.

[8] IRC: SP: 20- 2002, “Rural Roads Manual”, 2002. [9] IRC: SP-72- 2015, “Guidelines for the Design of Flexible Pavements for Low Volume Rural Roads”,
2015

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 2113



d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




