
MCE-103 HILLTRANSPORTATION 5 Credits (3-1-2)
UNIT  I     

Introduction: Special aspects of hill roads, preliminary investigations, Classification of hill 
roads, Environmental considerations and their impacts

UNIT II 
Alignment of Hill Roads: Basic considerations, Survey and requirements of alignments,
Gradient and selection of alignments, Future traffic considerations, Cross drainage.

Geometric Design of Hills Roads: Types of hill zones and terrain, Geometric Elements,
Width of formation and land, Right of way, Speed limit requirement, Camber, Gradients,
Sight distances, Horizontal curves Superelevation
curves, Super-elevations, Transition curves, Pavement widening curves, Hair-pin-bends,
Over-takingcrossing places, Vertical curves, Minimum vertical clearance.

UNIT    III 
Rock Blasting and Cutting Techniques: Rock cutting and blasting, Mechanism of blasting, 
Explosives for rockblasting and techniques for blasting, Drilling pattern.



UNIT   IV 
Drainage in Hill Roads: Drainage of water form hill slope, Roadside drains,
Cross drainage, sub surface drainage

Retaining Walls:Types of retaining walls, Stability of slopes, Backpressure on 
retaining walls, Design of retaining walls

Cross drainage, sub surface drainage

Maintenance Problems of Hill Roads: Common problems and their causes,
Landslide Problems, Types of Landslides, Measures to prevent landslides,
Breast walls

Safety Requirements and Labour Laws: Importance of safety and Labour laws
on hill roads, type of accidents,accidents during hill cutting and blasting.
Accidents with machines, various safety measures, Remedial measures,
Labour regulation laws



LABORATORY WORK

1.Crushing Value Test ofAggregate
2. Impact Value Test ofAggregate
3. Los Angeles Abrasion Value ofAggregate
4. Shape Test (Flakiness Index, Elongation Index) ofAggregate
5. Penetration Test of BituminousSample5. Penetration Test of BituminousSample
6. Softening Point Test of BituminousSample
7. Stripping Test of BituminousSample
8. DuctilityTestofBituminousSample
9. Flash & Fire Point Test of BituminousSample
10. Classified both directional Traffic Volume Study
11. Traffic Speed Study (Using Radar Speedometer orEnoscope)
12. Marshall test 



Books & References:
1. Highway Engineering-S.P. Bindra(DanpatRai Publication, 
NewDelhi)NewDelhi)

2. Transportation Engineering (Vol.1)-V.N. Vazirani & S.P.     
Chandola (Khanna Publications, NewDelhi)

3. Highway Engineering-L.R. Kadiyali& Dr. N.B. Lal (Khanna
Publications, NewDelhi)
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HILL ROAD

 Classified based on terrain.
Sr. No Type of terrain Cross slope
1 Plain or Level terrain 0 to 10 %
2 Rolling terrain 10 to 25

 Roads located in terrain having Cross slope of  
25% or more considered Hill road or Ghat  road

2 Rolling terrain 10 to 25
3 Mountainous 25 to 60
4 Steep Above 60



HILLROAD

Characteristics
Cross slope of 25% or more
Widely differing elevationWidely differing elevation
Steep slope
Great number of water courses.



HILLROAD

Our objectives
Shortest route
Safe routeSafe route
Economy
Less VOC ( Vehicle operating cost)
Lessmaintenance.



Problems with Hill Road

 Alignment
 Stability.
 Soil erosionSoil erosion
 Land slides
 Maintenance.
 Drainage.
 Snow fall



Importance of Hill Road

Economic development.
Industrial development
Forest wealth.Forest wealth.
Strategic consideration.
Tourism



Classification of Hill Road

1)According to Boarder Road Organization.  
(B.R.O.)
฀ NH,
฀ Class-9(6m wide),
฀ Class-5(4.9 mt wide),฀ Class-5(4.9 mt wide),
฀ Class-3 (2.45 to 3.65 mt wide)

2) According to general classification.
฀ N.H., S.H., MDR, ODR, VR

3) According to use.
฀ Motor road(for fast vehicle),
฀ Bridle Road(for pedestrian,horse),
฀ Village track.



Elementary Principles of  
Alignment in Hilly area

Features of Good alignment for Ghat road
1) Minimum cost
2) Comfortable travel
3) Lower VOC3) Lower VOC
4) Stable and safe road.
5) Sharp curve with small radius.
6) Easy gradients.
7) Minimum cutting and filling.
8) Minimum walling and bridging.



Elementary Principles of  
Alignment in Hilly area

Principles for Ghat road at a glance
1) Stability. ( Common problem land slide)
2) Drainage. ( Minimum C.D. works)
3) Geometric standards of Hill Road.3) Geometric standards of Hill Road.
4) Resisting length. ( as low as possible)

Ineffective rise -minimum
Excessive fall.-minimum



Before a highway alignment is finalised in highway
project, the engineering survey are to be carried out.
The various stages of engineering surveys are

 Map study (Provisional alignment Identification)

Engineering Surveys for Highway locations

 Reconnaissance survey

 Preliminary survey

 Final location and detailed surveys



HILL ROAD-ALIGNMENT SURVEY

 IRC-52
 ALIGNMENT SURVEY

฀1) Reconnaissance survey and  
Trace cutting ( foot path for detail survey)Trace cutting ( foot path for detail survey)

฀2) Preliminary survey
฀3) Determination of final centerline.
฀4) Final location survey.



MAP STUDY

• From the map alternative routes can be suggested  
in the office, if the topographic map of that area is  
available.

• The probable alignment can be located on the map  • The probable alignment can be located on the map  
from the fallowing details available on the map.
Avoiding valleys, ponds or lake
Avoiding bend of river
If road has to cross a row of hills, possibility of  

crossing through mountain pass.
• Map study gives a rough guidance of the routes to

be further surveyed in the field



RECONNAISSANCE SURVEY
• To confirm features indicated on map.
• To examine the general character of the area in field for

deciding the most feasible routes for detailed studies.
• A survey party may inspect along the proposed alternative

routes of the map in the field with very simple instrument
like abney level, tangent clinometer, barometer etc…. To
collect additional details.collect additional details.

• Details to be collected from alternative routes during this
survey are,
Valleys, ponds, lakes, marshy land, hill, permanent

structure and other obstruction.
Value of gradient, length of gradient and radius of curve.



RECONNAISSANCE SURVEY cont..

 Number and type of cross drainage structures.
High Flood Level (HFL)
Soil Characteristics.
Geological features.
source of construction materials- stone quarries,  watersource of construction materials- stone quarries,  water

sources.
• Prepare a report on merits and demerits of different

alternative routs.
• As a result a few alternate alignments may be chosen for

further study based on practical considerations observed
at the site.



Preliminary survey
Objective of preliminary survey are:
• To survey the various alternative alignments proposed after

the reconnaissance and to collect all the necessary physical
information and detail of topography, drainage and soil.

• To compare the different proposals in view of the  
requirements of the good alignment.

• To estimate quantity of earthwork materials and other  
construction aspect and to workout the cost of the alternate  
proposals.

Methods of preliminary survey:
a) Conventional approach-survey party carries out surveys 

using the required field equipment, taking measurement,  
collecting topographical and other data and carrying out soil  
survey.



Preliminary survey cont…
• Longitudinal and cross sectional profile.

: 100 – 200m
: 50m
: 30m

 Plain Terrain`
 Rolling Terrain
 Hilly Terrain

• Other studies
 Drainage, Hydrological survey, soil survey, Traffic andDrainage, Hydrological survey, soil survey, Traffic and

Material survey.
b) Modern rapid approach-

By Aerial survey taking the required aerial photographs for
obtaining the necessary topographic and other maps
including details of soil and geology.

• Finalise the best alignment from all considerations by  
comparative analysis of alternative routes.



Final location and detailed survey
• The alignment finalised at the design office after the

preliminary survey is to be first located on the field by
establishing the centre line.

Location survey:
• Transferring the alignment on to ground.
• This is done by transit theodolite.• This is done by transit theodolite.
• Major and minor control points are established on the

ground and centre pegs are driven, checking the
geometric design requirements.

• Centre line stacks are driven at suitable intervals, say 50m
interval in plane and rolling terrains and 20m in hilly
terrain.



Final location and detailed survey cont..

Detailed survey:
• Temporary bench marks are fixed at intervals of about 250m

and at all drainage and under pass structure.
• Earthwork calculations and drainage details are to be workout

from the level books.
• Cross sectional levels are taken at intervals of 50-100m in• Cross sectional levels are taken at intervals of 50-100m in

Plane terrain, 50-75m in Rolling terrain, 50m in built-up area,
20m in Hill terrain.

• Detail soil survey is to be carried out.
• CBR value of the soils along the alignment may be determined

for design of pavement.
• The data during detailed survey should be elaborate and

complete for preparing detailed plans, design and estimates of
project.



Drawing and Report

 Key map
 Index map
 Preliminary survey plans
 Detailed plan and longitudinal section
 Detailed cross section
 Land acquisition plans
 Drawings of cross drainage and other retaining

structures
 Drawings of road intersections
 Land plans showing quarries etc



New highway project

• Map study
• Reconnaissance survey
• Preliminary survey
• Location of final alignment• Location of final alignment
• Detailed survey
• Material survey
• Geometric and structural design
• Earth work
• Pavement construction
• Construction controls



Components of Hill roads



Elementary Principles of  
Alignment in Hilly area







Types of Curves in alignment of  
Hill Road
Hair pin Bend

฀ Min straight length-20mt,
฀ Min design speed 20 kmph
฀ Min. R=14mt, e= 1in 10Min. R=14mt, e= 1in 10
฀ Gradient =Min. 1 in 200, Max 1 in 4o

Corner bend
Salient curve
Re-entrant curve



HAIR PIN BEND CURVE



HAIR PIN  
BEND

Prof. Ujjval J. Solabki, Darshan Institute of Engg. and Technology-RAJKOT





CORNER BEND  
CURVE

Prof. Ujjval J. Solabki, Darshan Institute of Engg. and Technology-RAJKOT



Corner band



Salient curve ( Convex curve) and Re-
entrant curve(Concave curve)









GEOMETRIC DESIGN STANDARDS OF HILL ROAD

 Width of carriage way, Shoulder, Roadway and land.
 Camber.
 SSD ( same).
 OSD
 Gradient.
 Superelevation.
 Radius of horizontal curve
 Widening of curve
 Transition curve



Pavement width



Hill Road cross section





DESIGN SPEED FOR HILLROAD



Camber





Sight distance



Drainage in Hill Road- surface drainage



Drainage in hill road





Drainage



MAINTENANCE PROBLEMS IN HILL ROAD

 1) Maintenance of drainage structures
 2) Snow clearance.
 3) Control of avalanches*.

* ( large mass of loosened snow, Earth)
 4) Prevention of land slides. 4) Prevention of land slides.

฀ (i) Falls (free flow)
฀ (ii) Slides ( shear failure)
฀ (iii) Flows ( movement within displaced mass)
฀ (iv) complex land slides ( combination)

Possible solution to prevent land slides

(ii)

(iii)

(i) Effective drainage measure  
Slope treatment
Construction of buttress at toe and retaining wall

(iv) Realignment



PROTECTIVE WORKS FOR HILL ROAD

 1) Retaining wall.
 2) Parapet wall.













Curves

Def: The geometrical arcs provided at the change of
alignment or gradient of roads are called curves
Types of curves
1: Horizontal curves: (i) Simple curves (II) Compound 1: Horizontal curves: (i) Simple curves (II) Compound 
curves (iii) Reverse curves (Iv) Transition curves

2: Vertical curves:  (I) Summit curves  (II) Valley curves



Horizontal curves

Horizontal curves : The curves provided at the turning 
points in the alignment of  roads are called horizontal 
curves. curves. 

Vertical curves: The curves provided at the change of 
gradient (in vertical plane) of a road are called vertical 
curves.











Vertical Curves:
•The vertical curves used in highway may be  

classified into two categories:

a. Summit curves or crest curves

‘
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b. Valley curves or sag curves



a. Summit curves or crest curves:

‘
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b. Valley curves or sag curves:

‘
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Length of summit curve:
•While designing the length the parabolic summit  
curves, it is necessary to consider SSD and OSD  
Separately.

‘
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•Length of summit curve for stopping sight  
distance (SSD):
Two cases are considered in deciding the length:
a. When L>SSD

b. When L<SSD

‘
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b. When L<SSD



a. When L > SSD
The general equation for length of 

curve is  given by:‘

• Substituting the value of H=1.2m and h=0.15m,
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b. When L < SSD
The general equation for length of curve is

given by:

• Substituting the value of H=1.2m and h=0.15m,

‘

• Substituting the value of H=1.2m and h=0.15m,

•The minimum radius of the parabolic summit  
curve is calculated from relation R=L/N
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•Length of summit curve for overtaking sight  
distance (OSD):
Two cases are considered in deciding the length:
a. When L > OSD

b. When L < OSD

‘
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b. When L < OSD



a. When L > OSD
The general equation for length of 

curve is  given by:‘

• Substituting the value of H=1.2m,
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b. When L < OSD
The general equation for length of 

curve is  given by:‘

• Substituting the value of H=1.2m,
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where,
N= deviation angle i.e. algebraic difference  

between two grade
H=height of driver eye above carriageway i.e.

1.2 m
h=height of object above carriageway i.e. 0.15 m  
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h=height of object above carriageway i.e. 0.15 m  
L=length of summit curve, m
S=sight distance i.e. SSD or OSD



Length of valley curve:
•The important factors to be considered in valley  
curve design are:
a.Impact free movement of vehicles at design  
speed or comfort to passenger.

‘
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speed or comfort to passenger.
b.Providing adequate sight distance under head  
lights of vehicles for night driving
c.Locating lowest point of valley curve for  
providing suitable cross drainage facilities



•The valley curve and its length are designed as a  
transition curves to fulfill two criteria:

a. Allowable rate of change of centrifugal  

Acceleration or comfort conditions

‘
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b. Required head light sight distance for night  
driving



a. Length of valley transition curve for
comfort  condition:

Total length of valley curve is given by:‘

If ‘V’ is in kmph,
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where,

v or V= design speed in m/sec or kmph  
C=allowable rate of change of centrifugal

acceleration=0.6 m/sec3
L=length of valley curve=2Ls
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N= deviation angle i.e. algebraic difference  
between two grade



b. Length of valley curve for head light
sight  distance:

•The length of valley curve for head light sight  
distance may be determined for two condition:

a. When L > SSD

‘
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b. When L < SSD



a. When L > SSD
The general equation for length of

valley  curve is given by:‘
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b. When L <
SSD The general equation for length of valley  
curve is given by:

‘

where,
N= deviation angle i.e. algebraic difference  

between two grade
L=total length of valley curve, m  
S=SSD, m
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