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3.1 Definition and scope of Geometric Design

3.2 Design Controls and Criteria
3.3 Elements of Cross-section: Urban Roads, Rural Roads
3.4 Elements of Horizontal Alignment
3.4.1 Definition and Types of Horizontal Curve
3.4.2 Design of Horizontal Curve Including Night Visibility Consideration
3.4.3 Sight Distance: Stopping Sight Distance, Overtaking Sight Distance, Set-back from Obstructions
3.4.4 Super-elevation
3.4.5 Extra-widening
3.4.6 Transition Curve: Definition and Types of Transition Curve, Design of Transition Curve
3.5 Elements of Vertical Alignment
3.5.1 Definition and Types of Gradient
3.5.2 Momentum Grade
3.5.3 Grade Compensation
3.5.4 Definition and Types of Vertical Curve
3.5.5 Design of Vertical Summit Cutve
3.5.6 Design of Vertical Valley Curve

3.5.7 Lowest and Highest point of vertical curve
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1 Definition and Scope of Geometric Design

*  Definition
* Dimension and layout of
*  Physical elements of the highway
. visible to drivers and users

Designed for optimum efficiency in traffic operation with maximum safety and comfort at reasonable cost

* Scope
* Cross sectional elements

Traffic Lane, carriageway, shoulder, median strip, right of way, side slope, camber, superelevation, extra
widening,
* Sight Distance Characteristics

* Stopping sight distance, overtaking distance

* Elements of horizontal and vertical alignment

* Radius of curve, curve length, transition curve, grades, etc.
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3.2 Introduction to Road Standards in Nepal (Strategic Roads, L.ocal Roads and Urban Roads

*  Nepal Road Standard 2070 @
*  Nepal Rural Road Standard 2071

Government of Nepal

*  Nepal Urban Road Standard 2076

Government of Nepal

Nepal Rural Road
Standards (2055)
2™ Revision, 2071

Ministry of Urban Development

Singhadurbar, Kathmandu

y Ministry of Federal Affairs
and Local Development

Government of Nepal
Ministry of Physical Infrastructure & Transport Department of Local Infrastructure
Department of Roads Development and Agricultural

Planning and Design Branch - Roads (DoLIDAR)
Road and Traffic Unit

Babarmahal, Kathmandu

December 2014 Nepal Urban Road Standard- 2076

Nepal Road Standard 2070

2076, Jestha
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3.3 Design Controls and Criteria: Criteria for Geometric Design

* Speed @ @

o .
Safet} Government of Nepal

e Comfort

Government of Nepal
Nepal Rural Road Ministry of Urban Development
Standards (2055)
2" Revision, 2071

*  Economy

Singhadurbar, Kathmandu

_ Ministry of Federal Affairs
and Local Development

Department of Local Infrastructure
Development and Agricultural
Roads (DoLIDAR)

@ Government of Nepal
Ministry of Physical Infrastructure & Transport
Department of Roads
Planning and Design Branch
Road and Traffic Unit
Babarmahal, Kathmandu

December 2014 Nepal Urban Road Standard- 2076

2076, Jestha

Nepal Road Standard 2070
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3.3 Design Controls and Criteria: Design Controls

* Design Speed
* Highest speed with which an individual can travel with safety on the road under consideration when the weather

conditions are favorable.

*  Governs design of almost all elements.

Table 7-1 Design Speeds, km/h

Road Class Plain Rolling Mountainous Steep
| 120 100 80 60
Il 100 80 60 40
1] 80 60 40 30
\ 60 40 30 20

Source: NRS 2070 Table 6-1 Terrain Classification

S.No. Terrain Type Percent Cross Slope Degree
1 Plain 0-10 0°-5.7°
2 Rolling >10-25 >57°-14°
3 Mountainous >25-60 >147-31
Source: NRS 2070 4 Steep =60 >31
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3.3 Design Controls and Criteria: Design Controls

* Design Speed
* Highest speed with which an individual can travel with safety on the road under consideration when the weather
conditions are favorable.

*  Governs design of almost all elements.

| Road Categories I Hills e o

Ruing Minimiry Ruling ] Minimum
20 50 ' 40

Village Road 15 30

=

Uistrict Road (Core Network)

N
o

Source: NRRS 2071

Abhash Acharya | Geometric Design of Highway

3.3 Design Controls and Criteria: Design Controls

* Design Speed
gn Sp
* Highest speed with which an individual can travel with safety on the road under consideration when the weather
conditions are favorable.

*  Governs design of almost all elements.

Table 13: Recommended Design Speeds for Different Classes of Urban Roads

Type of Road Design Speed (Km/hr)
Arterial Roads 40-50
Sub Arterial Roads 30-40
Collection Roads 20-30
Local Streets 10-20

Soutce: NURS 2076
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* Design Vehicle

*  Vehicle that governs the design.

*  Vehicle dimension, weight, operating characteristics affect the design.

4.1 Vehicle Dimensions

The maximum dimensions of vehicles considered for design of roads in Nepal are as follows:

Maximum Width, m 250
Maximum Height, m 475
Maximum Length, m 18.00
Maximum single axle load, kN 100 Source: NRS 2070
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3.3 Design Controls and Criteria: Design Controls

* Design Vehicle
*  Vehicle that governs the design.

*  Vehicle dimension, weight, operating characteristics affect the design.

5.1 Vehicle type and dimension

In Nepal the most cammeonly used vehicles are of Indian make. Vehice type

adopted

nere are Typ M sindle tire and aual tre’ having two axes and the maximum axe

weight is 10.2 tonnes for rear axle with the folowing dimensicn.

Width — overall width 2.5

Heaight — 3.8 m for normal application

Length of whee! bass - 6.1

Length - maximum averall length excluding fiont and rear bumpers, 11 i

(Souwrce: IRC: 54-1894)

Source: NRRS 2071
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3.3 Design Controls and Criteria: Design Controls

* Topography

*  The design standards specified for different classes of roads vary depending on the terrain classification.

Table 6-1 Terrain Classification

S.No. Terrain Type Percent Cross Slope Degree
Plain 0-10 0°-57°
Rolling > 10-25 >57°-14°
Mountainous >25-60 >14°-31°
Steep >60 >31°

B W N -

Source: NRS 2070
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3.3 Design Controls and Criteria: Design Controls

e Topography

* The design standards specified for different classes of roads vary depending on the terrain classification.

4 TERRAIN CLASSIFICATION

A simple ¢

ssificalion of Terrain into “Terai' and ‘Hill' is adopted based on the
topography of courtry. While dassfying terain, shon isolated stretches of verying
terrain should not bs taken Into consideraton. Generally, 'lerai' covers the plain and
rolling terrain and varies from 0 to 25 percen! cross slope, Hils' covers mountanous

and sieap terain and varies from 25 to 60 percent and more.

Source: NRRS 2071
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* Traffic Composition
*  Vehicles and road users with different characteristics.

* Traffic composition affects capacity and other design considerations.

Table 1- Equivalency Factor

Source: NRS 2070

Mula or Harsa draw
Pack Ardimal and mules
Pecestrian

Source: NRRS 2071

3.3 Design Controls and Criteria: Design Controls

R SN Vehicle Type Equivalency Factor Table 4: Passenger car unit (PCU)
Table 4-1 Vehicle types. Equivalency Factors 1| Car, Light Van, je 10
SN Vehicle Type Equivalency Factor |2 Lah Tk o 15 S Vehicle Type Equivalency
3 uck ud to 1 ~ -
4 Bicycle,Motorcycle 05 4 Truckupto 1 | Motorcycle, Bicycle, Porter 05
Car, Auto Rickshaw, SUV,Light Van | 2 [Car. Auto Rickshaw. SUV. Light Van, 1.0
1 ' ' b 10 6  2W Trador Pick
and Pick Up 7 Busup to 40 pa .
- 8 3 Light (Mini)Truck. Tractor. Rickshaw 15
2| Light (Mini) Truck, Tractor, Rickshaw 15 g ight Min)Truck, Tractor, Rickshaw
— - = 4 Truck. Bus . Minibus. Tractor with trailer 30
3 Truck,Bus,Minibus, Tractor with trailer 30 10 05 =
1 10 5 Non-motorized carts 6.0
5 Non-motorized carts 6 1 0.75
1 20 Source: NURS 2076

* Design Volume and Capacity

36
*  Number of vehicles that pass a point on a highway or a
32
given lane or direction of a highway during a specified time S A=[iEoT i Teerage Fuctustion || |
o
interval. 3
c 24 \ /
. . . 3 l—30 Hv Exceeded ot 15 Percent
* Anindex of importance of highway. 5. I\ 7|77 Logations
. . °f N
*  Usually expressed as vehicles per unit time. 83 oy
T N N~ ~—_|
. ¥
* Average Annual Daily Traffic (AADT), Average 13 ~—_|
=S » Sea
. E e
Annual Weekday Traffic (AAWT), Average Daily 35 . T
<
Traffic (ADT), Average Weekday Traffic (AWT) . Exceeded af 85 Percent {—|
o 20 40 60 80 100 120 140 160
Number of Hours In One Year with Hourly Volume
Greater thon that Shown

arya | Geome sign of Hig
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3.3 Design Controls and Criteria: Design Contr

* Design Volume and Capacity
* Traffic Capacity
*  Maximum number of vehicles in a lane or a roadway that can pass a given point in unit time usually an hour,
i.e. vehicles per hour per lane of roadway.
* Ratio of volume to capacity affects the level of service of the road.
*  Design capacity is required to determine the number of lanes required and the total width of the road.
* Basic/Theoretical Capacity
* Under the most ideal roadway and traffic conditions which can possibly be attained.
* Possible Capacity
* Under prevailing roadway and traffic conditions.
* Design/Practical Capacity
* Without traffic density being so great to cause unreasonable delay, restrictions to drivers freedom to maneuver

under the prevailing roadway and traffic conditions. Used for design.
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3.3 Design Controls and Criteria: Design Controls

* Design Volume and Capacity

Table 5-1:Capacity of Roads. PCU/day

Mountainous

Plain Rolling
and steep
S. - - -
Category Low High Low High Low High
No. curvature | curvatur | curvatur | curvatur | curvatur | curvatur
(0-50 e (>50 €(0-100 e(>100 €(0-200 e(>200

deg/km) deg/km) deg/km) deg/km) deg/km) | deg/km)
1 Single Lane Road(3.75 m) with good 2000 1900 1800 1700 1600 1400
quality shoulders at least 1.0m wide

2 | Intermediate lane Road(5.5m) with 6000 5800 5700 5600 5200 4500
good quality shoulders at least 1.0m
wide

3 | Double lane Road(7.0m) with good 15000 12500 | 11000 | 10000 | 7000 5000
quality shoulders at least 1.0m wide

4 | Four lane road with a minimum 3.m 40000 35000 | 32500 | 30000 | 25000 | 20000
wide median

Source: NRS 2070
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* Design Volume and Capacity

Table 5: Traffic Capacity

Capacities in PCUs per hour for various traffic conditions
No of Roads with no | Roads with | Roads with free
o Traffic frontage access, no | frontage access | frontage
traffic lanes ) . .
and width flow standing vehicles, | but no standing | access, parked
District Road (( ’ very little cross | vehicle and high | vehicles and
Design Parameters SAbAAL R traffic capacity heavy cross
Hil intersections traffic
ign Capacity- In 200 1- One way | 750 700 650
both directions [Vehicle ‘;}ﬁ‘(” Lane(3.5-
per cayPCL per day) g . j.0m)
- — P-lane(7- One way 2400 1500 1200
Nepal Rural Road Standard, 2055) [7-3m) Two 1500 1200 750
way
B-lane . 2

Source: NRRS 2071 10.5m) One way 3600 2500 2000

H-lane One way 4800 3000 2400

14.0m) Two way 4000 2500 2000

-lane One way* 3600 2500 2200

21.0m) Two way 6000 4200 3600
* For three lanes in predominant direction flow. Source: NURS 2076
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3.3 Design Controls and Criteria: Design Controls

* Road User Behavior
* Both pedestrians and drivers show different behavior.

* Its influence cannot be quantified but should not be ignored.
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3.3 Design Controls and Criteria: Design Controls

* Road User Behavior
*  Physical Characteristics
*  Mental Characteristics
*  Psychological Characteristics

*  Environmental Factors
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3.3 Design Controls and Criteria: Design Controls

. .
Road User Behavior Peripheral vision (120°-180°)

*  Physical Characteristics

//\/
. Permanent: Vision, hearing, strength, smell ] ﬁ:f_ -
A

. Temporary: Fatigue, illness, effect of drugs ~£ ™ Fairly clear (10%-127)
-

[““Acute vision cone (3%-10°)

|

. Vision

. About 90% of the information is received in visual. driver’s cone of vision

. Human eye sees and evaluates the size, shape and color of an

object and estimate the distance and speed of the bodies.

*  Visual acuity is the ability to see fine details clearly. Kozeswitlispeed

. Peripheral vision relates to an individual’s ability to see

objects not necessarily clearly. Such vision serves as a warning

sign.
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3.3 Design Controls and Criteria: Design Contr

* Road User Behavior
*  Physical Characteristics
. Permanent: Vision, hearing, strength, smell

*  Temporary: Fatigue, iliness, effect of drugs

. Hearing
. Important to both drivers and pedestrians. However, more important for pedestrians.
*  Can be helpful in gaining information regarding warning sounds as sirens, horns, bells, etc.
. It has been found that drivers with hearing problem can have 1.8 times more crashes than the drivers
with normal hearing.
. Strength

. Most important for drivers driving heavy vehicles.
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3.3 Design Controls and Criteria: Design Controls

* Road User Behavior
*  Physical Characteristics
. Permanent: Vision, hearing, strength

e Temporary: Fatigue, illness, effect of drugs

. Fatigue
e Tired drivers usually suffer from lack of concentration and have longer perception-reaction time.
. More likely to commit an error of judgement on the roadway.

. Iliness

. May cause physical inability to drive, mental tension and lack of concentration.
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3.3 Design Controls and Criteria: Design Contr

* Road User Behavior
*  Physical Characteristics
. Permanent: Vision, hearing, strength

. Temporary: Fatigue, illness, effect of drugs

. Effect of drug and alcoholic drink

. Lack of concentration and overconfidence.

Not everyone who gets hit
by a drunk driver dies.

Jacqueline Saburido was 20 years old when the car she was riding in was hit
b Today,at 23,she s st 1910 put her ife back together,

Abhash Acharya | Geometric Design of Highway

3.3 Design Controls and Criteria: Design Controls

* Road User Behavior

. Mental Characteristics

. Knowledge, intelligence, skill, experience and

literacy can affect the road user characteristics.

. Psychological Characteristics

. Emotional factors as attentiveness, fear, anger,
impatience, distraction and worries may lead to
lack of concentration of road user towards
traffic regulations and may not have right

attitude to the other traffic.

Your EMOLIONS affect the way you drive,
don'tlet Stress Dictate your driving

Fear

(

Abhash Acharya | Geometric Design of Highway
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3.3 Design Controls and Criteria: Design Controls

¢ Environmental and other Factors

Air pollution, sound pollution, landscaping, aesthetic conditions and road side environment should be considered

in design.
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3.3 Design Controls and Criteria: Design Controls

* Perception and Reaction

Outside world Sensation Perception
(raw data) i nle;;r%k;:;w of
. Perception is a process of extracting information from the environment.
gyt S
The driver tends to attain movement from one point to other througt -
three tasks.
e Control — physical manipulation of the vehicle through lateral and longitudinal control by steering,

acceleration and braking.
Guidance — driver’s decision process, a task of selecting safe speed, path. Information comes from the
environment, traffic control devices and other traffic surroundings.

Navigation - driver’s ability to execute a trip from origin to destination for which the information comes from

maps, signs and landmarks.

Abhash Acharya | Geometric Design of Highway
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3.3 Design Controls and Criteria: Design Contr

* Perception and Reaction
. Perception time may be divided into two parts:
. Perception delay — time between visibility and point of perception.

*  Appreciation interval — time required to determine that there is a potential hazard.

. Reaction involves analytical and decision making portion.

*  Total reaction time involves reaction plus actual control response.
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3.3 Design Controls and Criteria: Design Controls

* Driving Strategy

A
________ - e b e e - e e o - e
Tol & v iy pheehe 2
( >3 B I . . =%}
Bl /
~ e
SRR - .
" ¢ Stalled vehice

Oriver Strategy (Vanstrum and Caples, 1971)

. Distance 1 - during the perception time.

. Distance 2 - during the time needed to take a decision.

. Distance 3 - during the reaction time.

. Distance 4 - minimum stopping distance.

*  T-—True point of no return (last point at which action can be taken to avoid hazard).
. If hazard is in motion, T will also be in motion.

. M — Mental point of driver (last point at which action must be taken).

Abhash Acharya | Geometric Design of Highway
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3.3 Design Controls and Criteria: Design Contro

* PIEV Theory
. Perception — the recognition or realization of stimulus exists
and requires response.
. Sees a sign
. Intellection — an interpretation/identification of the
stimulus.
. Identifies it as a STOP sign
. Emotion — the determination of an appropriate response to
the stimulus

. Person is aware that, a brake need to be applied.

*  Volition —the physical response resulting from the decision

*  Applies brake.
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3.4 Elements of Cross Section: Utban Road, Rural Road

* Cross section of Road
*  Section along the width of the road and perpendicular to the center line of the road.
* Includes traffic lane, carriageway, shoulder, side slope, side drain, right of way, lay-bys, camber, superelevation,

extra widening, footpath, kerb, median strips, cycle track, service roads, green belts, etc.

Roadway —
- SweetLight
Side Side |Shoulder Carriageway Shoulder| - side Slope —Bilding
Drain | Slope LI (E T T
s Foot Path s Grating
n n / Kb TL  TL
] LN | L ; je Iy TL
I, 7
L F
& N e s
N Formation Width ! L 1} Storm drainage pipe
s " VL=l
: '
- | -
Il Gz 77,
N 112 of (oad width = Formation width = Kight of way)
Bottom Width F
Urban Road

1/2 of Right of way
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3.4 Elements of Cross Section: Urban Road, Rural Road
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Cross section of Road

-:';,
rw
|

12.50+3.5"n

/~Shoulder

=

Median
/ ~Carmiageway

3.75 3.50°n 5.00 3.50°n 3.75
1 T
In Cutting In Filling

CROSS SECTION OF CLASS | ROAD(n=23...)

Source: NRS 2070

12.00

jariageway

4 e
2.50 7.00 2.50
I I
In Cutting In Filling

CROSS SECTION OF CLASS Il ROAD

Source: NRS 2070
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3.4 Elements of Cross Section: Utban Road, Rural Road

Cross section of Road

11.00
™ ~Shouider
/.’ /A:am«\gm Y
,/( /
O{ 7-_—/» } / ) |
T 47 | _>07L B
2.00 | 7.00 2.00
In Cutting In Filling
CROSS SECTION OF CLASS Il ROAD

Source: NRS 2070

6.750r 85
~Shoulser
,"/ ~Cariagewy
/// /‘l
| i
_j 75 q 7L T
15| 3750055 |15
In Cutting ‘ In Filling

CROSS SECTION OF CLASS IV ROAD

Source: NRS 2070
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3.4 Elements of Cross Section: Urban Road, Rural Road

* Cross section of Road

Fig 6.1District Road —Core Network, Single Lane Road without drain in Hill area Fig 5.2 District Read ~Core Netwark, Single Lane Road with drain in Hil area

Source: NRRS 2071
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3.4 Elements of Cross Section: Urban Road, Rural Road

* Cross section of Road I
e —
H
Fig €.3 District Road — Core Network Single Lare Read in Terai
5 ’ '
HFL
s = = —
Fig 6.4 District Read - Core Network, Intermediate Lane Road wittout drain in Hil
area
Source: NRRS 2071
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3.4 Elements of Cross Section: Urban Road, Rural Road

* Cross section of Road

0:6t61.00m

By

Fig 6.5 District Road — Ccre Network, Intermediate Lane Road with drain in Hill area

Fig 6.6 District Road — Core Network, Intermediate Lane Road in Terai

Source: NRRS 2071
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3.4 Elements of Cross Section: Urban Road, Rural Road

* Cross section of Road

Fig 6.7.¥lllags Rcad, Single Lane Road without drain in Hill area

o Fig 6.8Village Road, Single Lane Road wit drain in Hill area

Source: NRRS 2071

HFL

Fig 6.9Village Road, Single Lane Road in Terai

Abhash Acharya | Geometric Design of Highway
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3.4 Elements of Cross Section: Urban Road, Rural Road

* Cross section of Road

: i | == O
¥ = & =l = o — = £ % ‘

ARTERIAL ROAD SECTION OPTION 2

Source: NURS 2076
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3.4 Elements of Cross Section: Urban Road, Rural Road

* Cross section of Road

SUB ARTERIAL ROAD SECTION OPTION 1

L. -

UL i
SUB ARTERIAL ROAD SECTION OPTION 2

Figure 2:Typical Sub-Arterial Road Sections

Source: NURS 2076
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3.4 Elements of Cross Section: Urban Road, Rural Road

* Cross section of Road

6% Figure 4:Typical Local Road Section

~
=

Figure 3: Typical Collector Road Section

Source: NURS 2076

Abhash Acharya | Geometric Design of Highway

3.4 Elements of Cross Section: Utban Road, Rural Road

* Carriageway/Pavement Width (Cy) 3.75m

25 m

*  Main width of the road meant for vehicular traffic movement.

0.625m 0.625m§

C\x‘ = T\v .N

where, -
Shoulder (1) () Shoulder

Ty = Width of traffic lane ) AL e

Single Lane Pavement

n = Number of traffic lane
*  Width of Traffic Lane (Ty)
* Width of carriageway on which a standard vehicle can

move safely in one direction along the road.
- 7.0m

* Sum of width of design vehicle and minimum side

clearance on either side of road (side clearance required L = 1.0m 25m 0sm

for safety between vehicle and edge of carriageway and . | T “ 0 v il

for safety between vehicle and adjacent traffic).
Double Lane Pavement

Abhash Acharya | Geometric Design of Highway
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3.4 Elements of Cross Section: Urban Road, Rural Road

* Carriageway/Pavement Width (Cy) 3.75m
25 mw
*  Main width of the road meant for vehicular traffic movement.
0.625m| 0.625m{
Cw = Tw .N
where, -
Shoulder (1) ()) Shoulder
Ty = Width of traffic lane dis SERESS S
Single Lane Pavement
n = Number of traffic lane
* Number of traffic lane required for a road (n)
N
n=-—
C
where, 7.0m
N = Design hourly volume of traffic
0.5m 2.5m 1.0m 2.5m 05m
C = Theoretical or basic capacity of traffic lane
Shoulder ( | ( } ) Shoulder
1000V . . ; > -t
C= where, V = Design speed in kmph Z
. . Double Lane Pavement
S = center to center distance between front and rear vehicles

3.4 Elements of Cross Section: Utban Road, Rural Road

* Carriageway/Pavement Width (Cy)
Table 11-1Width of Carriageways. m

j ) Multilane pavements width per
Single lane road Intermediate lane
lane
375 Source: NRS 2070
(upto 3.0 m in difficult 55 35
terrain)

b. In case of single lane roads it is recommended to have two treated shoulders on either side to
make a total width of 5.5m of treated surface.
Source: NRRS 2071

Table 17: Recommended Carriage Width

Table 6 1- Carriageway, Shoulder, and Roadway width Description Width , m
T ‘Arterial and Sub-arterial roads:
Carriageway Width (m) Shoulder Roaaway a) Single lane 35
- width (mi widih (m) ) 2- lane without raised kerb 7
( if iraffic > 400 vpd 0.78 7.0 ©) 2-lane lane with raised kerb 75
Hill ( ¥ traffic > 100 vpd 075 5.25 d) Multi-lane carriageway, width per lane 35
istrict - - = p——
Diztrict Road 3 (iftraffic < 100 vpd) 075 75 Collector streets:
{core netwark) 55 E a) Single lane 35
i 40! g
5.5  ( if traffic > 400 vpd 1.0 1.5 b) 2- lane without raised kerb 7
léral (3./5 (it traffic > 100 vpd 15 6.75 ©) 2-lane lane with raised kesb 75
| 3 ( if traffic < 100 vpd) 15 6 d) 3-lane with or without kerb 10.511.0
Vitage Road Hil 13 05 2 ©) 4 lane with or without kerb 14
=T Local street, per lane 3
Terai |3 075 45
The above given road way widths excude drain, parapet and top of Fetakiing wal) Note: Minimum width of a kerbed urban road is 5.5 m including mlln\x;:uce for a stalled vehicle.
; Source: NURS 2076
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3.4 Elements of Cross Section: Urban Road, Rural Road

Shoulder

* Provided along the road edge. :'\

* Serves as an emergency lane for parking vehicles with som

* Shoulders |.__gradea W

* Advantages

Provide space for parking vehicles and support removal of out of order vehicles.

* Provide space for fixing up traffic signs and signals.

* Provide space for people to walk.

* Provide opportunities for overtaking in single lane road.

* Adds structural strength of the pavement and provide lateral stability.
* Increase the lateral clearance and the sight distance.

Table 11-2 Width of Shoulders, m

Road Class Class | Class Il Class Il Class IV
Minimum
) 375 25 20 15
shoulder width, m

Source: NRS 2070
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3.4 Elements of Cross Section: Utban Road, Rural Road

* Roadway/Formation Width

Sum of widths of pavements or carriageway including separators if any and shoulders.

Top width of the highway embankment or the bottom width of highway cutting excluding the side drains.

Roadway

* Side Slope of Fill/Cut

Side , So [Shouder  Cariageway  Shouide] Side Siope

Drain | Slope

* Earthwork is provided with side slopes to keep the slope stable and free

from slides. ‘ N

 Fomton wioh _
| .
— J' ‘
* Tlatter slopes are preferred for traffic safety (for filling zone) and sight gaton 040 )
1/2 of Right of way
distance (for cutting zone). Table 11-5 Cuttings side slopes
Table 11-4: Embankment Side Slopes Soil type Side Slope(vertical:horizontal)
Height, Side Sl rtical:horizontal - ;
elght, m ide Stope{verticat-horizontal) Ordinary Soil 12t0 1:1
<15 14
Disintegrated rock or conglomerate 1'hto1: Y,
1530 13
Soft rock, shale 1Y to1: '
3.045 1:25
45120 12 Medium Rock 1 t01: g
>12.0 Design specially Hard Rock Almost vertical

Source: NRS 2070
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3.4 Elements of Cross Section: Urban Road, Rural Road

~=] Road Margn Rasd Wi

* Right of Way (ROW) / Land Width of Road

—=Shoulder -Carriage W

i
]

*  Width of the land acquired to accommodate the width of carriageway,

the shoulders and road margins. i EMBANKMENT 5 .

H s H

* Includes drainage facilities, frontage roads, land required for future L — et vy B 5
AR AR

expansion.

* Contributes to proper visibility.

* Building Line: No building activity is permitted at all between

—ofporcer control

this line and the road boundary.

* Control Line: Provided to exercise control of building Table 16: Right of Way Width
construction up to a set back distance Classification Recommended Right of Way Width , m
Table 11-6: Right of way Total right of | Setback amancefr'orr:’cbmmé;( ST Arterial 50
- way (RoW)|Road land boundary /
Road Type Total Right of Way,m (m) (RoW) to Building line | Sub-arterial 30
on either side (m)
Highways 50 District _Road = % 10 m RoW on either side Collector 20
Feeder Roads 30 (Core Network) o G| VO i from road centre line -
m 7.5 m Row r sid

District Roads 20 Village Road 15 3 ,mﬂmaz eidiathallon Local 10

Source: NRS 2070 Source: NRRS 2071 Source: NURS 2076
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3.4 Elements of Cross Section: Utban Road, Rural Road

* Lay-bys

* Intermittent shoulders provided in situations where the continuous shoulder on either side cannot be provided.

15m for each number of buses

/ 15 ToRel -
— LT

20mmin.__| 15.2 Lay-bys
Lay-bys may be provided for parking or for bus stops to allow vehicles to stop safely
without impeding passing traffic. The minimum bus lay-by width shall be 3 m (i.e
Figure 13-3 :Bus Lay Bys Plan minimum 6 m carriageway widths) and the length 12 m along the outside edge and
30 m along the inside edge.This means that passing zones and lay bys should be
Source: NRS 2070 tapered gradually towards the carriageway so that vehicles can leave or join the traffic

stream safely.

Source: NRRS 2071
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3.4 Elements of Cross Section: Urban Road, Rural Road

* Footpath (Sidewalk)
* Provided for the movement of pedestrian traffic.

* Raised at certain height from the carriageway by laying stone or concrete block to ensure safety of the pedestrians.

Table 13-1: Width of footpath Table 18: Capacity of Footpaths

Hourly Design F|°W(pb::2:43y5] of 15 min peak Footpath width,m Number of Pedestrians per hour Required width of
- T - Footpath, m
Upto 500 15 Allin one direction In both directions
2400 800 2
500-1500 20 3600 2400 25
1500-2500 25 4800 3200 3
2500-3500 30 6000 4000 4

Source: NRS 2070 Source: NURS 2076
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3.4 Elements of Cross Section: Utban Road, Rural Road

. 1
Kerbs _ 1
. . . 10em 15cm
* A raised structure at footpaths/islands/parking spots to ) )
Y carriageway carriageway
isolate them from the carriageway. 2 Low or Mountable b. Semi-bartier type

* A boundary between carriageway and shoulder in rural

shoulder carriageway

roads. 20cm

*  Separates vehicular traffic from pedestrians. N A
) c. Barrier type d. Submerged
*  Provides firm support to the footpath.

* Tacilitates drainage. 49 Kerbs

Kerbs shall be provided in Urban roads considering appropriate situation for use of each
type as indicated below:

a) Mountable type: within the roadway at channelization schemes. medians, outer
separators and raised medians on bridges

b) Semi-barrier type: on the periphery of the roadway where pedestrian traffic 1s light
and a barrier type could tend to reduce traffic capacity.

c) Barmer type: Built-up areas adjacent to footpaths with considerable pedestrian
traffic.

Source: NURS 2076
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3.4 Elements of Cross Section: Urban Road, Rural Road

e  Median
*  Central raised strip to separate opposite stream of traffic.

*  Minimize head-on collision and head light glare.

drainage and other determinants. Minimum width of median at intersections to
accomplish various purposes should be as follows:

¢ Pedestnians refuse. 1.2 m.

® Median lane for protection of vehicle making right tum. 4.0 m.

e Absolute width of median in urban areas 1s 1.2 m a desirable minimum 1s 5 m.

e Fence or any other barrier medium should be provided at middle of median.

Source: NURS 2076
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3.4 Elements of Cross Section: Utban Road, Rural Road

* Cycle Lane
* A paved area adjacent to and flush with the traffic lane pavement for the movement of cyclists.
*  Should be continuous and provide uninterrupted movement.
* Should be physically separated from the main carriageway to ensure comfort and safety.

The minimum width of cycle track should be 2 m.

Table 19: Capacity of Cycle Tracks

13.3 Bicycle Tracks Width of Cycle Capacity in number of cycles/hour
a. In all roads with ADT of more than 4000 PCU and movement of bicycles more than 1000 track
nos/day bicycle tracks should be constructed. The minimum width of each lane of the bicycle One-way traffic Two-way traffic
track should be 1.2m for each direction of movement. Two lanes (3 m) 250-600 50-250
b. The track should be constructed on a separate formation or at least 1 m away from the edge -
of the roadway. Three lanes (4 m) > 600 250-600
Four lanes (5m) — 600

Source: NRS 2070
Source: NURS 2076
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3.4 Elements of Cross Section: Urban Road, Rural Road

e Camber

. C
* Transverse slope given to the road surface. g ¥
* Provided by raising the center of the carriageway with respect to edges. v %
R
*  The highest point is called crown. 8
L wi2 o wi2 )
* Expressed in % slope. : T i
.
= =1

* Purpose:
* To drain out surface water and protect the bituminous pavement layers as continued
contact with water causes stripping of bitumen from the aggregates.
* To quickly dry out the pavement surface and ensure safety.
* To protect sub-grade preventing infiltration of water.
* Required camber depends on:
* Amount of rainfall

*  Type of pavement

Abhash Acharya | Geometric Design of Highway

3.4 Elements of Cross Section: Utban Road, Rural Road

e Camber
Table 11-3 Camber. %

C
Pavement type Cement Concrete Bituminous Gravel Earthen x ¥
Camber, % 151020 25 40 50 Source: NRS 2070 ¥ %
R
8
L wi2 o wi2 ,
Table 13.1. Recommended camber cross slope k ) X
District Road . 3 w =
Camber (Core Network) WEEaRaE:
Hill Terai Hill Terai
) Earthen(existing) 5 5 5 5
Carrlagew/ay ol 4 4 4 4
cross slope (%) - = >
Bituminous Seal Coat 3 3 - = Soutce: NRRS 2071
Table 20: Recommended Camber
wi2 )
=
Surface Type Camber, %
WBM or gravel 251035% <
m% m%
Thin bituminous surfacing 2t02.5% .
2% me<n a%
High type bituminous surfacing or 15t02%
Cement concrete surfacing s Wy wM g wH gy wH

Source: NURS 2076
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3.4 Elements of Cross Section: Urban Road, Rural Road

* Camber
*  Excessive camber should be avoided because:
*  Vehicles will tend to tilt and there will be possibilities of overturning and skidding of loaded
trucks.
* Edge of road surface will wear out faster than central part.
*  Vehicles will tend to move along the centerline and the road capacity will be reduced.
* Formation of cross-ruts.

*  Overtaking operation will be more dangerous.

L
+ + +

Straight Line Camber Parabolic Camber Composite Camber
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3.4 Elements of Cross Section: Urban Road, Rural Road

e Camber

* Straight Line Camber * Parabolic Camber * Composite Camber
¢
x ¥ 2
m% m%
¥ 0
n% n% me<n 2%
]

Kk wi2 o wi2 . ke wi4 " wid S wid4 % wid |
= w =

}Y = nx

* Used when very flat camber is
provided as in cement concrete Yy=w?
pavements.

* Flatter profile at the middle.

* Provide favorable condition for .
overtaking at high speed.

* Suitable for roads with high
speed traffic.

Increases contact area of
wheel and decreases
intensity of pressure.
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3.4 Elements of Cross Section: Urban Road, Rural Road

¢ Camber: Numerical /(\ S/IM—’

T
In a region of heavy rainfall WBM pavement is to be constructed. If the width of the road is 3.

75 m, find the height of the crown
. T . ) i L —

with respect to the edges. What would be the height of crown with respect to the edges if 7.5 m width bituminous pavement is to be
constructed: LT

St Liane cawm

‘a“. M \fMQ
2. 9,
P:E*/o'_c}g%[ﬁ'(] 21.7 02 74{2]
9. z
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3.4 Elements of Cross Section: Urban Road, Rural Road

*  Camber: Numerical

In a region of heavy rainfall WBM pavement is to be constructed. If the width of the road is 3.75

5 m, find the height of the crown
with respect to the edges. What would be the height of crown with respect to the edges if 7.5 m width bituminous pavement is to be
constructedr

y = nx
- Y:llX
w
R=n*=—
2

w
R=n*—
2

For WBM pavement For bituminous pavement For WBM pavement For bituminous pavement

2
R=0075m R=0056m R=0075m
R =0.056 m

.50 — 003 @& =002 &
R =003 * 3.75 R:O,OZ*T R =003 (2) R=0.02 (2)
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3.4 Elements of Cross Section: Urban Road, Rural Road

¢ Camber: Numerical

The center line of two lane road has an elevation 320.50m. The camber of the pavement is 2.50% and cross slope of shoulder is 5%.

o e~ .
Calculate the elevation of pavement at center of lane, edge of pavement and road edge if w = 3ot §
-——

Straight line camber is to be provided.(yt=—- @ ol
Parabolic camber is to be provided. (}~

'@M&Js—to be provided.
Take width of the lane as 3.50m and shoulder width as 1.50m.

Gewote o Cert—f lowne s QR0 So—"4y

/%‘ idqe 7 fre POWJr

2,
—no (',,V\'r\’x?/ = R%e So .—’LVV 7°’VL

P
Sdge 4 24 el
:Q’l"f"’f—’g B0 - ghqeef W 'q?°r°'_h/;f(/mx{ ]
; ) CYESCIVE SR _ 300 W — —%é_x]fl 7?Q="\% .
O o i jooX3 _ 90393 Grto
clo ' Vo~ LSS A a2
; gotqt M é/\", :j ?GM M.
- ~ Pl S Sy
e Con ol e loves 2200 — ¢ = glqeef I St
o/

L B T RAT
PR 2SI T@w&.m AT
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3.4 Elements of Cross Section: Utban Road, Rural Road

e Camber: Numerical

The center line of two lane road has an elevation 320.50m. The camber of the pavement is 2.50% and cross slope of shoulder is 5%
Calculate the elevation of pavement at center of lane, edge of pavement and road edge if
¢  Straight line camber is to be provided.
Parabolic camber is to be provided.
Composite camber is to be provided.

Take width of the lane as 3.50m and shoulder width as 1.50m.

g’* L€
Y 6. -
cert "5{ lowe = _?QLLL—

of voord _.]/352/4’(:'\»
Sdq-
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3.4 Elements of Cross Section: Urban Road, Rural R

Camber: Numerical

Calculate the elevation of pavement at center of lane, edge of pavement and road edge if
¢ Straight line camber is to be provided.
¢ Parabolic camber is to be provided.
¢ Composite camber is to be provided.

Take width of the lane as 3.50m and shoulder width as 1.50m.

The center line of two lane road has an elevation 320.50m. The camber of the pavement is 2.50% and cross slope of shoulder is 5%.

Considering parabolic camber

Considering straight line camber a) Elevation of road surface at the center of the lane

2) Elevation of road surface at the center of the lane RL of crown —y;

- 2n
RL of crown -, RL of crown - 752

- w
RL of crown - n.* = THE G~ (%:

320.50-0.025*7 / 8 = 320478 m

b) Elevation at the edge of pavement
RL of crown - % * (2 =320.50-0025* 7/2 = 32041m
¢) Elevation at the edge of shoulder
RL of edge of pavement % *1.50% = 320.41 —0.075 = 320.335m

320.50 - 0.025 ‘% =320.45m
b) Elevation at the edge of pavement

RL of crown - 1 * 2 = 320.50 — 0.025 *2 = 320.41m
c) Elevation at the edge of shoulder

RL of edge of pavement —n * 1.50
32041 - 0.05* 1.50 = 320.335 m

Considering composite camber
a) Elevation of road surface at the center of the lane

RL of crown —y,
RL of crown - = 5°
w
RL of crown - 2= * (ﬁ)l
w4
320.50-0.025*7 / 8 = 320478 m
b) Elevation at the edge of pavement
RL of crown - % = (%}3 =320.50-0.025*7/2
=32041m
) Elevation at the edge of shoulder
RL of edge of pavement —n * 1.50
=320.41 —0.05 * 1.50 = 320.335 m

*  Definition and types of horizontal curve

*  Design of horizontal curve

*  Design of elements of horizontal curve
* Superelevation
* Extra widening

* Transition curve

*  Sight distance

18/02/2023
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3.5 Elements of Horizonal Alignment: Horizontal Curve

Tangent

the route.

o L = Net length of tangent between IP; and IP;.4
\ ‘. =Dj—Tin for first line
ylr

x\ L & 5 =Di-T for last line

V%, "-,.:/\‘\ \“\'/wf 7, =D~ (T;+ Tw1)  for intermediate lines
o \ 1 T LYY \ ¢ Di = Distance between Ip; and Ipi+

o | | N A 4

‘; { 2 0. LY T = Tangent length of i curve

'\} N

b s N S B P

\‘// | 7 O (,7 |
'—\”x&_;
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Straight line obtained by joining the two successive points of intersections of the two straight traverse lines along

3.5 Elements of Horizonal Alignment: Horizontal Curve

Horizontal Curve

e Circular curve with or without transition curve.

Necessary for gradual change in direction when the deviation in horizontal alignment is encountered.

Should be gradual to secure safety together with comfort to the passengers.

Tangent

Circular curve

\ / Transition curve

Circular curve
Circular curve

Tangent
Tangent

Transition curve

V\Transmon curve

Tangent

Circular curve

Transition curve

Abhash Acharya | Geometric Design of Highway
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3.5 Elements of Horizonal Alignment: Horizontal Curve

Horizontal Curve
* Reasons of deviations
* Topography
* Restriction imposed by property
* To provide access to particular locality
* To avoid structures with religious,
cultural and environmental values

* To make use of existing right of ways

* To keep the driver alert.

tife

\\Heserve

p S8

~ Existing Road
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3.5 Elements of Horizonal Alignment: Horizontal Curve

Horizontal Curves

Types of Horizontal Curve

Circular Curves

Reverse

Compound
Spiral or Clothoid

Lemniscate

Transition

Cubic Parabolic

i

Circular Curve

R R
R

Simple circular curve: Adopted for slow moving traffic.

Compound Curve: Adopted where deviation of

alignment is unavoidable.

Reverse curve: Adopted
when there is obstruction
on ecither side of straight
alighment

usually in

mountains.

Abhash Acharya | Geometric Design of Highway
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3.5 Elements of Horizonal Alignment: Horizontal Curve

* Elements of Circular Curve

PI:  Point of Intersection, Apex point

TC:  Tangent to curve, Beginning of curve

CI:  Curve to tangent, End of curve

MC: Middle point of curve

a Angle of deviation

R: Radius of curve

T ‘Tangent length, distance between P to
tangent point

E: Apex distance, distance from PI to MC

L: Length of curve

M:  Chord to curve length (Mid ordinatc)

LC: Long chord length.
From the geometry

T=RTana/2

E=R(seca/2-1)

M =R (1 -cosa/2)
TRa

L=——
180

LC=2Rsina/2
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3.5 Elements of Horizonal Alignment: Horizontal Curve

¢ Curve: Numerical

While measuring angle by theodolite at a certain deviation point by setting zero along preceding deviation point, the

reading was equal t0230°40°45”. The radius of circular curve to be provided was 200m. Calculate the elements of

curve. o
o S " \ UU/
Ae 2260 U (§0° = €= e w o
: S
Re Q0™ )
e SN o0
=
e o by o Y R
: 2
S %(SPC{O-WWL’}]: e 1/ 19692
o (0T, - = e -z o 17
o NPT R Lt Tl
\8:24%. ™. — 0 = = 1§0

me R (1m@hy) =

Len by = 119 m.
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3.5 Elements of Horizonal Alignment: Horizontal Curve

¢ Curve: Numerical

While measuring angle by theodolite at a certain deviation point by setting zero along preceding deviation point, the reading was equal
to 230°40°45”. The radius of circular curve to be provided was 200m. Calculate the elements of curve.

P
T=RTana/2 T = R Tan a/2 = 200 * Tan 50°40'45

E=R(seca/2-1)

=94 71m

50°40'45"

M=R@=cx, E =R (sec @/2—1) = 200 * (sec ——- 1) = 21.29m

_ TMRa
" 180

LC =2Rsina/2 M =R (1 —cosa/2) =200 * (1 — cos

5040

_ mRa _ m*200+50°40'45"

= = =177 m
180 180

0 { =
LC = 2R sin @/2 = 2 * 200 * si115°4+“5 =170 m
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3.5 Elements of Horizonal Alignment: Horizontal Curve

* Design of Horizontal Curve
. . wv?
Inside of Curve Olitslda: of Ciirvie Centrifugal force: P= oR
cG P
— | » v: Speed of vehicle, m/sec
R: Radius of the circular curve, m
g: Acceleration due to gravity, 9.81 m/sec2
9 . . . P v?
7~ ‘ 7~ Centrifugal ratio/Impact factor: 72 = P
FA = fRA { )a | /B FB=fRB
~i
8 /2 1§ b/2
RA
W
P: Centrifugal force, kg
W Weight of the vehicle, kg
Ry Rp: Normal reactions of the pavement on the wheels
Fy4, Fg: Frictional resistance between tire and pavement

Abhash Acharya | Geometric Design of Highway
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3.5 Elements of Horizonal Alignment: Horizontal Curve

* Overturning effect

Tendency of

* Design of Horizontal Curve

centrifugal  force to

overturn the vehicle outwards about the

outer wheels B.

Equilibrium/Limiting Condition

* For safety,

Ph=w2
2

P v2 b

W grR 2h

b v?
— > —
2h gR

Inside of Curve

FA=fRA FB = fRB
L o/2 { b/2 ]
RA 5
\i
w
P: Centrifugal force, kg
W Weight of the vehicle, kg
Ry Rp: Normal reactions of the pavement on the wheels
Fy4, Fg: Frictional resistance between tire and pavement
.- - Wv?
Centrifugal force: P=
S gR

v

R: Radius of the circular curve, m
g: Acceleration due to gravity, 9.81 m/sec2
s . - P v?
Centrifugal ratio/Impact factor: —=—
W  gR

Outside of Curve

<G 3
L

Speed of vehicle, m/sec
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3.5 Elements of Horizonal Alignment: Horizontal Curve

* Skidding effect:

* Design of Horizontal Curve

The tendency of the vehicles to skid

laterally outward due to centrifugal force.

Equilibtium/Limiting conditions:

P=F,+Fz=f(Ry+Rp) =fW
P

w

fis the coefficient of lateral friction

* For safety,

f ::>l—

gR

If f < b/2h, skidding

If b/2h < f, overturning before skidding

Inside of Curve

FA=fRA

P:
W
R4 Rp:
Fy, Fp:

Centrifugal force: P =

v-

R: Radius of the circular curve, m
g: Acceleration due to gravity, 9.81 m/sec2
.. ., . P v2
Centrifugal ratio/Impact factor: —=—
W gR

Outside of Curve

ce P
— { »

FB=fRE
-%

==

Centrifugal force, kg

Weight of the vehicle, kg

Normal reactions of the pavement on the wheels
Frictional resistance between tire and pavement

_ wv?
gR

Speed of vehicle, m/sec
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3.5 Elements of Horizonal Alignment: Horizontal Curve

* Design of Horizontal Curve
* Comfort to the passenger
*  When vehicles enters the curved path, the passengers
inside are pushed to the sideways (fling) due to the lateral
force.

* The lateral force should not exceed the value at which

passenger feels discomfort.
Speed(km/h) f
120 0.09
100 0.12
80 0.14
60 0.17
40 0.23
30 0.28
20 0.33

Source: NRS 2070

Inside of Curve Outside of Curve

<G 3
L

FA=fRA FB = fRB
L b/ { b/2 ]
RA 5
\
w
P: Centrifugal force, kg
W Weight of the vehicle, kg
Ry Rp: Normal reactions of the pavement on the wheels
Fy, Fp: Frictional resistance between tire and pavement
.- - Wv?
Centrifugal force: P=
S gR
v: Speed of vehicle, m/sec
R: Radius of the circular curve, m
g: Acceleration due to gravity, 9.81 m/sec2
. . - P v?
Centrifugal ratio/Impact factor: —=—
W  gR
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3.5 Elements of Horizonal Alignment: Horizontal Curve

* Design of horizontal curve
*  Economy in Travel
* The lateral force on the wheels causes slipping of wheels
and rotation of wheels around the vertical axis called
yawing,
* This causes sharp rise in engine horse power consumption

and wear and tear of tires.

Inside of Curve Outside of Curve

c6

FA=fRA 78 = fRE
|-y o/2 ]
RA RB
\
w
P: Centrifugal force, kg
W: Weight of the vehicle, kg
R4 Rg: Normal reactions of the pavement on the wheels
Fy, Fg: Frictional resistance between tire and pavement
.- . wo?
Centrifugal force: P =
gR
v: Speed of vehicle, m/sec
R: Radius of the circular curve, m
g: Acceleration due to gravity, 9.81 m/sec2
.. ., . P v2
Centrifugal ratio/Impact factor: —=—
W gR
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.5 Elements of Horizonal Alienhment: Superelevation/Cant/Ban

¢ Radius of Horizontal Curve

® Ruling radius (Maximum e and f):

2
2

ruling = g (e+f)

R

® Minimum radius for different combination of design

speed and super elevation:

Abhash Acharya | Geometric Design of Highway

3.5 Elements of Horizonal Alignhment: Superelevation/Cant

(S+1)=RBx—

¢ Radius of Horizontal Curve T80
. . o . . S+1)180
* Radius of Curves from Night Visibility Considerations R = %
= Half of the road crashes occurs at night. From figure, § = 2@ R = (S+1)180 _ 28.6(S+1)
e T xX2a a

=  Visibility is attained by headlights.

Sincel «< S, R ~—

Length of the wheelbase

Distance of the object from driver

Radius of curve required to see the object
Angle of headlight beam dispersion on
horizontal plane

Angle subtended by an arc of a length equal
(S+])

* @ is 2° approximately.

* For sight distance of 100m to 300m, radius required is 1500m to 4500m.

*  Often not possible in hill roads.
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.5 Elements of Horizonal Alienhment: Superelevation/Cant/Ban

* Superelevation/Cant/Banking
* Transverse slope provided at the horizontal curve to counteract the centrifugal force by raising the outer edge of

the pavement with respect to the inner edge.

Vo Carriageway : i Carriageway L
w | ) ™
|
Yz 1
e=—=tanf 1
XZ :
6 is very small, Outer edge i Inner edge i 1
. Outer edge ~  Innzredge
€ g
. E ;- e - superlevation
se=tanf ~ sinf =— Mié Cambes superievel
B 2) two sided slope (b) one sided slope

*  Superelevation rate (e) is measured as relative elevation of Two forms of road surface

the outer edge of the pavement to the width of the

pavement.
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3.5 Elements of Horizonal Alignhment: Superelevation/Cant

* Superelevation/Cant/Banking

* Analysis of Superelevation

P Centrifugal force, kg

W~ Weight of the vehicle, kg

R4, Rp: Normal reactions of the pavement on the wheels

Fy, Fg: Frictional resistance between tire and pavement acting transversely

along the pavement surface towards the centre of the curve.
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.5 Elements of Horizonal Alienhment: Superelevation/Cant/Ban

* Superelevation/Cant/Banking

* Analysis of Superelevation

. - . -~ P Centrifugal force, k;
“* Resolving all the forces perpendicular to the road surface: w Weight R -
— : R4, Rp: Normal reactions of the pavement on the wheels
RA + RB Psin@ + W cos@ Fy, Fg: Frictional resistance between tire and pavement acting transversely

along the pavement surface towards the centre of the curve.

+* Resolving all the forces parallel to the road surface:
Pcos8 = Wsin0+F4 + Fp
=Wsin0+fRy + fRp = Wsin0+f(Ry + Rp)

where f Coefficient of lateral friction

Abhash Acharya | Geometric Design of Highway

* Superelevation/Cant/Banking

* Analysis of Superelevation

S o 1 Centrifugal force, kg
? W: Weight of the vehicle, kg
R4, Rp: Normal reactions of the pavement on the wheels
_ : . Fy, Fg: Frictional resistance between tire and pavement acting transversely
P cos 0 - W sin 6+f (P sin 0 + W Cos 9) along the pavement surface towards the centre of the curve

= P(cos@ — fsin@) = W (sinf + f cos )

P _sinb+fcosf _ tanf+f _ e+f
W  cosfO—fsin@ 1-ftan@ 1-fe
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.5 Elements of Horizonal Alionment: Superel

* Superelevation/Cant/Banking

* Analysis of Superelevation

For design, f = 0.15 maximum e =7%, so

1—fe=1-015+0.07 = 0.9895 ~ 1 T r—
W Weight of the vehicle, kg
A, Rp ormal reactions of the pavement on the wheels
R4 R N al f the p: he wheel:
.2 Fy, Fg: Frictional resistance between tire and pavement acting transversely
~ —_ —_ v along the pavement surface towards the centre of the curve.
Therefore, =e+ f Ty —
Where,
e: Rate of super elevation
I Coefficient of lateral friction 0.15
v: Speed of vehicle in m/sec
R: Radius of the curve inm
4 Acceleration due to the gravity 9.81 m/sec?
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* Superelevation/Cant/Banking

* Analysis of Superelevation

If speed of the vehicle is represented as ¥ kmph

__(0.278v)%_ v?

e+f = =
9.81R 127R
. . V2 i e S .
% Case L If /=0, e= R P Centrifugal force, kg
W Weight of the vehicle, kg
* Pressures on both the wheels of the vehicle become equal. R4, Rp: Normal reactions of the pavement on the wheels
* Equilibrium superelevation, very high F,, Fpg: Frictional resistance between tire and pavement acting transversely

along the pavement surface towards the centre of the curve.

e CTE p— - vz
* Case ILIf e=0, f=1om 4 Case IIL: If €=0.07, f= 0.15

* Speed should be restricted to * Speed should be restricted to

v = JTTR V, = J127R(e + f)
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* Superelevation/Cant/Banking

* Analysis of Superelevation

% Resolving all the forces perpendicular to the road surface:

Ry +Rp =Psin6 + W cos6
% Resolving all the forces parallel to the road surface:
Pcos6 = Wsin6+F, + Fp
= Wsin6+fRs + fRg = Wsin6+f(Rs + Rp)
where f Coefficient of lateral friction
So,
Pcos® = W sin6+f(Psinf + W cos6)

= P(cos@ — fsin@) = W (sinf + f cos6)

P

W
RA,RBI
Fy, Fg:

18/02/2023

W sin#

Centrifugal force, kg

Weight of the vehicle, kg

Normal reactions of the pavement on the wheels

Frictional resistance between tire and pavement acting transversely
along the pavement surface towards the centre of the curve.

W cosO—fsin® 1-ftan® 1-fe

For design, f = 0.15 maximum e =7%, so
1-fe=1-0.15+0.07=0.9895~ 1

2

P v
Therefore, —=e+ f =—
w OrR
Where,
e Rate of super elevation
b Coefficient of lateral friction 0.15
v Speed of vehicle in m/sec
R Radius of the curve in m
e Acceleration due to the gravity 9.81 m/sec?

. vz
“ Case L. If £=0, e=

If speed of the vehicle is represented as ¥ kmph

et+f=

127R

3.5 Elements of Horizonal Align

* Superelevation/Cant/Banking

* Maximum Superelevation

Maximum superelevation to be provided is limited to:
¢ In plain and rolling terrain 7%
* Insnow bound areas 7%

¢ In hilly areas not bound by snows  10%
Source: NRS 2070

*  Minimum Superelevation

than the camber.

(0278V)2_ v?
9.81R  127R

. vz
 Case IL If €=0, f=

* Speed should be restricted to

v = J127fR

“* Case III: If €=0.07, f=0.15

* Speed should be restricted to

* Pressures on both the wheels of the vehicle become equal.

* Equilibrium superelevation, very high Vo =+/127R(e + f)

of Highway

Abhash Acharya | Geometric

* Tor fast moving vehicles, higher superelevation may provide easy conditions but causes lots of inconvenience

to slow moving and specially heavily loaded trucks.

Maximum Super Elevation Value

In plain terrain, non-motorized vehicles travel with high centre of gravity, so the

maximum value of super elevation shall be limited to the following values;

Terai

Hill

The designer should aim at providing flatter super elevation but it should not be less

7%

10%

Source: NRRS 2071

Minimum value of superelevation should be equal to the rate of camber of the pavement.  Source: NRS 2070

Source: NRRS 2071
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3.5 Elements of Horizonal Alischment: Supere

* Superelevation/Cant/Banking

*  Design of Superelevation

* For fast moving vehicles, higher superelevation without considering coefficient of friction is reasonable.

* For slow moving vehicles lower superelevation considering coefficient of friction is safe..

Superelevation is provided on horizontal curves. Value of superelevation is calculated using
following formula:

v? .
= - 5 v
=z P X | e= ... Equation 6
Where, Where, V is the speed in Km/h and R s the radius of the curve.
e-value of superelevation, m/m Super elevation obtained from the expression should be limited to 7 percent. However,

on the urban sections with frequent intersections, it will be desirable to limit the super
elevation to 4 percent for convenience in construction and for facilitating easy and safe
turning movement of vehicles.

R-Radius of horizontal curve
V-Design Speed, km/h
f-co-efficient of lateral friction, depends on the vehicle speed and taken as in Table 24-4

Table 24-4 : Coefficient of lateral friction

f
120 009
100 012
80 014
60 017
40 023
30 028
20 033
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3.5 Elements of Horizonal Alignhment: Superelevation/Cant

* Superelevation/Cant/Banking

* Design Procedure (IRC):

* Step 1: Calculate the superelevation for 75% design speed without considering coefficient of friction f.

_(0.75v)  (0.75V)?
°T7gr " T127R

e Step 2: If the calculated value of e < 1—15 (7%), the value so obtained is provided.

If e > 7%, provide a maximum e of 7% and proceed to step 3 and 4.

* Step 3: Check the coefficient of lateral friction for the maximum e = 7%.

VZ
f=om—

e If calculated f < 0.15, the maximum e of 7% is safe for the design speed. If f > 0.15, proceed to step 4.
*  Step 4: Calculate the allowable speed for e = 7% and f = 0.15.

V,=J127R(e + f)

If V. < design speed, the speed is limited to V,and needs a warning sign and speed limit regulations.
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3.5 Elements of Horizonal Alignhment: Superelevation/Cant/Ban

Superelevation/Cant/Banking: Numerical \/ N

The design speed of a highway with mixed traffic i.qnd radius of horizontal curve is ltﬁ‘)'m. Design

superelevation for the highway. If the maximum superelevation of 7% is not to be exceeded, calculate the maximum

allowed speed on this horizontal curve. Assume coefficient of lateral friction (s 0.15. )

3 ) frw(‘" 3
V{=0 0.4 Sl BV e
o (03 ) 12538
2R e \‘).ﬂdc £
= (039’( qu Q:D‘O/}‘
190 feols
Q> 00t

= e
T WAt0' X
Vo2 \J‘HV\'\%*(" te

- 28 6 lévnf"{f
———
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3.5 Elements of Horizonal Alignhment: Superelevation/Cant

* Superelevation/Cant/Banking: Numerical

The design speed of a highway with mixed traffic 1s 75 kmph and radims of horizontal curve is 190 m. Design

superelevation for the highway. If the maximum superelevation of 7% is not to be exceeded, calculate the maximum
allowed speed on this horizontal curve. Assume coefficient of lateral friction 1s 0.15.

Step 1: Calculate the superelevation for 75%

design speed without considering coefficient
of friction f.

Step 3: Check the coefficient of lateral friction for the maximum e = 7%.

(0.75v)? (0.75V)? = -
e:g—R OI'W 127 » 190
o (0.75 x75)2 £=016

" 127x190 If calculated f < 0.15, the maximum e of 7% is safe for the design speed.

e=0.13 If £ > 0.15, proceed to step 4.

Step 2: If the calculated value of e < 1 Step 4: Calculate the allowable speed for e = 7% and f = 0.15.
15

the value so obtained is provided. If e > 7%,

V, =127 R(e + f)
provide a maximum e of 7%.
V,=4/127 *190 = (0.07 + 0.15)
Take e = 0.07

V, = 72.86 kmph
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3.5 Elements of Horizonal Alignment: Superelevation/Cant/Banking

* Superelevation/Cant/Banking: Numerical

A two lane road with a design speed 80kmph has horizonta
—

e g

mixed traffic. By how much should the outer edges of th

width of the pavement at the horizontal cum"x’

Tordred®

e 1ovs Yoo = Q.

Yo - "

I curve of radius 480m. Design the rate of superelevation for

—

e pavement be raised with respect to the inner edge, if the

£-

0'UH2) wm.

Erexic :
[ T oy widbeoy ?“vgwut
4 v
o L
P 0
f-o 0 - Pageit - iy S
- F e TN
Adeft €= ke
0 0 XF S
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3.5 Elements of Horizonal Alignhment: Superelevation/Cant

* Superelevation/Cant/Banking: Numerical

A two lane road with a design speed 80kmph has horizon
for mixed tratfic. By how much should the outer edges of
width of the pavement at the horizontal curve is 7.50 m.

tal curve of radms 480 m. Design the rate of superelevation
the pavement be raised with respect to the inner edge, if the

750,

Step 1: Calculate the superelevation for 75%

design speed without considering coefficient =
of friction f.

E =

o (0.75v)? ) (0.75V)2

gR %" T127R E=

_ (0.75 +80)2
127 =480

e = 0.059
Step 2: If the calculated value of e < 1—15 (7%,
the value so obtained is provided. If e > 7%,

provide a maximum e of 7%.

Take e = 0.059

Step 3: Raising of outer edge with respect to the inner edge of pavement.

eB
0.059 * 7.50
0.44 m

YZ
e=—=tanf
XZ

6 is very small,

X E
“e=tanf ~ sinf =—
B
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3.5 Elements of Horizonal Alighment: Superel

f’ IL‘xc"f” : '\/‘T 6o lcan )'12” : [, o lf-

— = RS i

* Superelevation/Cant/Banking: Numerical

The radius of circular curve is 140 m, the design speed is 60kmph and the design coefficient of lateral friction 1@

a) Calculate the superelevation required if full lateral friction is assumed to develop. 7
ettt g il e gl e
b) Calculate the coefficient of friction needed if no superelevation is provided. _Q.’?@
¢) Calculate the equilibrium superelevation if the pressure on inner and outer wheels should be equal.
g = 2 ) ~ 0. ( a e 5
D apt_ [P PR,
\;,/ 129 K 102 eA41 = =
£ (271
0:15: 2. 0.
. , g .
O*C‘“lt"ﬁ[;‘#{!‘a[)‘ :\ _?—_’_J_f//“(/ @- fo”
- 294! ( 12 A (% ==
t \_q ,} vy ),; Yo

e:
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3.5 Elements of Horizonal Alionment: Superelevation/Cant

* Superelevation/Cant/Banking: Numerical

The radius of circular curve is 140 m, the design speed is 60 kmph and the design coefficient of lateral friction is 0.15.
a) Calculate the superelevation required if full lateral friction is assumed to develop.

b) Calculate the coefficient of friction needed if no superelevation is provided.

¢) Calculate the equilibrium superelevation if the pressure on inner and outer wheels should be equal.

a) For full lateral friction to develop

- v?
et f =
127R .. .
b) When no superelevation is provided
602 . . ~ g .
2
127 *140 et f 4 c) Condition of equilibrium

" 127R ,
602 4
e=———-0.15 2 e=
127 *140 7= _ 607 127 R
) 127 140
e =0.052 602

et+f=

e =
- 60% 127 +140
127 *140

60?2
e =
127 x140

e=10.202

f =0.202
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3.5 Elements of Horizonal Alignment: Superelevation/Cant/Banking

* Superelevation/Cant/Banking

* Method of Providing Superelevation

Carriageway y | Carriagewzay L

Outer edge i Inner edge i :
: Outer edge ~  Innzredge
¢ & iy
n - Camber e - superlevetion
a) two sided slope (b) one sided slope

= The provision of superelevation from cambered to full superelevation should be made gradually.
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3.5 Elements of Horizonal Alighment: Superelevation

* Superelevation/Cant/Banking

* Method of Providing Superelevation

= Involves
= Elimination of crown of the cambered section

* Rotation of the pavement cross section to attain full superelevation
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3.5 Elements of Horizonal Alignment: Superelevation/Cant/Banking

* Superelevation/Cant/Banking

* Method of Providing Superelevation

= Involves
= Elimination of crown of the cambered section
= By rotation of the outer surface
® The outer half of the cross slope is rotated about the crown at a desired rate such that

the surface falls on the same plane as the inner half,
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3.5 Elements of Horizonal Alignhment: Superelevation/Cant

* Superelevation/Cant/Banking

* Method of Providing Superelevation

= Involves
= Elimination of crown of the cambered section
= By shifting position of crown (Diagonal crown method):
® The crown is progressively shifted outwards, thus increasing the width of the inner half

of cross-section progressively.
s Y
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.5 Elements of Horizonal Alienhment: Superelevation/Cant/Ban

Superelevation/Cant/Banking

Method of Providing Superelevation

= Involves

Rotation of the pavement cross section to attain full superelevation

= Rotation of roadway surface about its center line

Full superelevation is attained by depressing the inner edge and raising the outer edge.

= Balanced earthwork and least distortion to center line.

o=NWw

] oo |
V‘A e \

| ~
(a) Rotation about the Center Line
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3.5 Elements of Horizonal Alignhment: Superelevation/Cant

Superelevation/Cant/Banking

Method of Providing Superelevation

= Involves
* Rotation of the pavement cross section to attain full superelevation
* Rotation of roadway surface about its inner edge:
* Inner edge is taken as axis of rotation. Outer edge is raised.
* Provided in very flat terrain with high rainfall to prevent damage.

(b) Rotation about the Inner Edge

100
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18/02/2023

Superelevation/Cant/Banking

Method of Providing Superelevation

= Involves
= Rotation of the pavement cross section to attain full superelevation
= Rotation of roadway surface about its outer edge:

= Outer edge is taken as axis of rotation. Inner edge is depressed.

¢
|

(c) Rotation about the Outer Edge

w N = O

101
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3.5 Elements of Horizonal Alignhment: Su

Superelevation/Cant/Banking

Method of Providing Superelevation

= Selection of method depends on rainfall and terrain
type.

® The crowned cross-slope should be changed to
single cross-slope before start of the circular curve
and full superelevation should be provided at the
start of the circular curve.

®  Where transition curve cannot be provided for some
reasons, 2/3' of the superelevation will be attained
on the straight section before the start of the circular

curve and balance 1/3" on the curve (IRC).
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3.5 Elements of Horizonal Alignment: Extra Widening

* Extra Widening
= Itis common to widen the pavement for small radius horizontal curve.
® The increased width is called extra widening of the pavement.
= Reasons of providing extra width

= Off-tracking due to rigidity of wheelbase

= Tendency of driver to use outer lane for greater visibility
. . . Off-tracking
= Transverse skidding at higher speeds

= DPsychological tendency to maintain greater clearance in cu:

with safety considerations

®  Trailer units require larger width at the curves

Tendency to use outer lane for greater visibility
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3.5 Elements of Horizonal Alignment: Extra Widening

* Extra Widening
* Amount of extra widening to be provided depends on:
* Length of wheel base of the vehicle T
= Radius of the curve ‘R’

= Psychological factor

Abhash Acharya | Geometric Design of Highway
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3.5 Elements of Horizonal Alignment: Extra Widening

* Extra Widening
® Analysis of Extra Widening
® Mechanical Widening

® The widening required to account for the off-tracking

Ry: Radius of the path traversed by the Ry =R+ Wy
. ;’L‘“e,““f“'heel _ R% — R% 2= (RZ_Wm)Z + 12
) adius of the path traversed by the 2 2 2 2
outer front wheel R3 = R5 — 2R, Wy, + W5 + l
W, Mechanical widening 2 _ g2
m — =
: Length of wheel base. 2R, Wn W"; L
1
Wi =
2R,—Wn
12
Ry = Ry = R (Mean radius) and W},, < R: Wy, = 3R
. ni?
For road with n lanes: Wy, = R

Y
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3.5 Elements of Horizonal Alignment: Extra Widening

* Extra Widening
®  Analysis of Extra Widening
*  Psychological Widening
*  Widening provided for psychological reasons: Tendency of drivers to drive near outer edge of
pavement in curves, tendency of drivers to keep greater clearance for crossing and overtaking,

=  Empirical relation proposed by IRC:

R 4 V: Design speed in Kmph
PSY ~ 95yR R: Radius of curve (m)
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* Extra Widening

® Analysis of Extra Widening

Total Widening (W) required on a horizontal curve is the sum of mechanical widening and psychological

widening and is given by:

We=W,

m

nl?

+ Wy,

vV

W,=—+——
® 2R 95yR

number of traffic lanes.
Length of wheelbase in m.
6.1m

Design speed, kmph

Radius of horizontal curve, m.

107
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3.5 Elements of Horizonal Alignment: Extra Widening

* Extra Widening

Table 9-4 Extrawidening on curves

Radius of
curve,m

20 20-40 40-60 60-100

100-300

>300

single
lane
road

09 06 06 Nil

Nil

Nil

Double
Extra lane
width,m [ road

06

Nil

Multi
lane(n-
lane)
road

0.75n 0.75n 0.6n 0.45n

0.3n

Nil

Source: NRS 2070

For single lane roads, only mechanical widening is required for low traffic speed

W

2R

Where,

W = Widening, m

L = length of wheel base of longest vehicle (m)

R = Radius of horizontal curve, m

The recommended increase in width is given in Table 10.2 below

Table.10.2-Recommended Minimum Widening for Single Lane Road

Curve Radius (m) Upto20 |[21-60 Above 60
Increase in width (for 3 m carriageway ) (m) 1.5 0.6 Nil
Increase in width (for 3.75 m carriageway),(m) 0.9 0.6 Nil

Source: NRRS 2071

108
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3.5 Elements of Horizonal Alignment: Superelevation/Cant/Banking
i Al
* Extra Widening: Numerical

Find the total pavement width required for four lane highway on a horizontal curve of radius 200 m. The design speed is
Of touf ‘anc aigaway |

50 kmph and length of the wheel base of vehicle is 6.1 m.

te—
(embe of ey s DX g 2¢f  2X 200
~ 4XES ~ 02321y
= i WV s So = oR32L,
e o S
ﬁj - W 9‘(1\@73

W.
on Qo qor2ArLe 0 FEEET

: 232t
_Syrourdeyy, e~ Pt Wty = 0%

We - L”m+wuocd~ 'm\vﬂ QMmb\AD'JL ?"\JM SN

I = (U2
=

Quwede (A0 R T:
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3.5 Elements of Horizonal Alignhment: Superelevation/Cant

* Extra Widening: Numerical

Find the total pavement width required for four lane highway on a horizontal curve of radius 200 m. The design speed
1s 50 kmph and length of the wheel base of vehicle is 6.1 m.

V. =W, 14
W, = W, + W, W, =W, + W,
2
nl 2 v W. = ﬂ By Y
o =——+ € 2R 95VR
2R " 95VR
o 4%6.12 50
n number of traffic lanes. €7 2¢200 9.5v200
1: Length of wheelbase inm _
P W, = 0.372 + 0.372
v: Design speed, kmph 7 — 07
R: Radius of horizontal curve, m \‘VC =074m

Total Width of the pavement =nT, + W,
=4%*350+0.74
=1474 m
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3.5 Elements of Horizonal Alignment: Superelevation/Cant/Bankin

gL 3 S -
* Extra Widening: Numerical
I f
Calculate the extra widening required for a pavement of width 7m on a horizontal curve of radius 200m if the longest
—— — ————=0
wheel base of vehicle expected on the roa@ Design speed is 65kmph.
LRrocom. Q.
" = ned ,(—
, — T gy
(= 65w L
— . 1 £
V= 6¢ e b = Zx 6007y =
e — 94 260
2260
0695 m.
—c=
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3.5 Elements of Horizonal Alignhment: Superelevation/Cant

* Extra Widening: Numerical

Calculate the extra widening required for a pavement of width 7 m on a horizontal curve of radius 200 m if the
longest wheel base of vehicle expected on the road is 6.50 m. Design speed is 65 kmph.

W, =W, +W,
e m psy AR 7
W, =W, + W,
W nl? |4 - v
— + 7 —
e 7] = —
2R 95VR LA 2R + 95VR
n number of traffic lanes. S 2%6.52 65
l: Length of wheelbase in m. € 24200 9.5v200
6.1m _ ,
V: Design speed, kmph \\"e =021 + 0.48
R: Radius of horizontal curve, m.

W, = 0.69 m
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3.5 Elements of Horizonal Alignment: Superelevation/Cant/Banking

* Extra Widening: Numerical

=
r

Find out the total width of pavement on a horizontal curve| for a new highway with a ruling minimum radius if the speed

of slow moving vehicle is 80 kmph. The highway width is 7.0m and the length of wheel base is 6.1m.

Vel | pptetes woles | g VB g sk
IS = 3+ e [ (et = 0T
=PV loes Wit ety o0 - 3,
— © ( 2 ﬁ:o'i(r
NRS L SR 2.
T IR ﬁ—;V/qLW
0- 0ot
~ 2x61" J\—’—g”_/ e

o sV R = 0906

- erb
2x R PR
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3.5 Elements of Horizonal Alignment: Extra Widening

* Extra Widening

® Methods of Introducing Extra Widening
= On curves with Transition Curve
* Introduced from the beginning of the Transition Curve (TP)
* Increased at uniform rate till the full value of widening is reached at the end of the transition curve.
® The full value is continued throughout the circular curve.

* Decreased gradually along the length of transition curve.
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3.5 Elements of Horizonal Alignment: Extra Widening

* Extra Widening

® Methods of Introducing Extra Widening
= On curves with Transition Curve

= Case I: When 300 m > R > 60m = on either side of the curve.

i LR S
-—
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3.5 Elements of Horizonal Alignment: Extra Widening

* Extra Widening

® Methods of Introducing Extra Widening

= On curves with Transition Curve

= Case II: Sharp Curves (R: 30 — 60m) of hill roads on single lane roads having radius less than 150m

- on the side of the cut.

et S &
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3.5 Elements of Horizonal Alignment: Extra Widening

* Extra Widening
® Methods of Introducing Extra Widening
®  On curves with Transition Curve
= Case III: On mountainous roads with very small radius r = 20 — 30 m, vehicles with long wheelbase

cannot keep within the inner half of the carriageway. In this case, extra width should be preferably be

applied fully on the outside.
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3.5 Elements of Horizonal Alignment: Extra Widening

* Extra Widening
® Methods of Introducing Extra Widening
= On curves without Transition Curve:

= 12 W to 2/3 W, is provided before the start of the curve over L to 2.25L in straight part and the

remaining is provided on the circular curve.

!
T tangentPath —>*
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* Transition Curve

= Transition curve has a radius that decrease from infinity at the tangent point to a designed radius of the circular
curve.

= Itis also called easement curve.

0 A DEFLECTION
I.-' 4 ANGLE, A

\
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e Transition Curve

= Centrifugal force diagram without transition curve and with transition curve

Circutar Path , \ Circular pag,

= Objectives:
= To introduce gradually the centrifugal force avoiding a sudden jerk on the vehicle.
= To enable the driver turn his vehicle gradually for his/her own comfort and security
= To introduce gradually designed superelevation and extra widening of the pavement.

= To improve the aesthetic appearance of the road.
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* Types of Transition Curve

= Spiral or Clothoid

Radius inversely proportional to its length.

Ideal shape for horizontal alignment of highway easy for field implementation.

= Bernoullis Lemniscates

Radius inversely proportional to length of chord.

1
= The decrease in radius is not uniform beyond 30 degrees deflection angle. P&
c
= Cubic Parabola /
= Radius inversely proportional to its abscissa. v X
= Used in railways. ‘
L
x —_— i
px< Y
>’
X X

(c) Cubic parabola
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e Transition Curve

Ideal shape of transition curve for horizontal alighment

Rate of introduction of centrifugal force

Rare of change of centrifugal acceleration

Should be consistent
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* Equation of Steering Curve
= Assumptions:

le = The speed at approach does not vary.

= Driver steers the wheels of the vehicle with constant angular

velocity.

= The vehicle is at two types of motion:

= Translational motion characterized by speed w

ds

v =—

! dt
I o where, 5 = distance traveled along the transition curve
j/ = Rotary motion characterized by angular speed w

a = Steering angle da

where, @ = steering angle

Abhash Acharya | Geometric Design of Highway
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* Equation of Steering Curve 1

l 1
tan X=—-— — &= tan —
P P

. l
Since l «< p, &=-—
p

Taking first derivative with respect to p

l do l dp
dX= ——=dp —-— = ——5—
2P T g p? dt
1 d
— W = __’_P
p? dt
a = Steering angle . (IS — _l_vg
w p2
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* Equation of Steering Curve

74 Assuming constant angular velocity of wy:

Integrating both sides:

T> ......... e s .
, S =—"+K
] Wop
<i3 e > ForS = 0,p =
| o K=0§ = -~
py Wop
E ForC=l—V,
Wo
o s €yl
I/ _p'p_.‘i P S

a = Steering angle

Spiral is the most appropriate curve for transition curve.
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1 1
. . tan x=— — «=tan"!—
* Equation of Steering P P
Curve .
Since | «< p, o&=-—
P
'
L m—

Taking first derivative with respect to p

o dc _ ldp
da=-Ltap -2 - L%
| _ 1 dp
| /cﬂ WS
|
1}

dt ~ p?dt
lvdp

sds = ——
«/ .
S

| Assuming constant angular velocity of wy:

Integrating both sides:

s= 4k
a = Steering angle Wop
For§ = 0,p=»
k=05 ="
Wop
ForC=I—V,
Wo
s £l poa
=P TIPS

Spiral is the most appropriate curve for transition curve.
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Design of Transition Curve

Length of transition curve is designed for

Rate of change of centrifugal acceleration to be developed gradually.

Rate of change of super elevation to be reasonable.

Minimum length requirements.

(Maximum of the length obtained for the three criterions is adopted.)

127
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Design of Transition Curve

Length of Transition Curve

Rate of change of centrifugal acceleration to be developed gradually:

NRS (2070):

V3
ls = S7CR [V in kmph]
IRC:
80 _
= 136w forv inm/s
rse 0.5<C<08
C= 751V for V in kmph

128

Abhash A

charya | Geometric Design of Highway

62



18/02/2023

129

130

* Design of Transition Curve

= Length of Transition Curve

Rate of change of centrifugal acceleration to be developed gradually:

= At tangent point centrifugal acceleration = 0.

= Let the length of transition curve be I m, R the radius in m. If t(s) is the time taken to traverse this

transition length at uniform design speed of v m/secs then,

. . . 2
= Centrifugal acceleration introduced 1n time t = ve

R
* Rate of change of centrifugal acceleration (C): NRS (2070):
v2 )
B _E_¥ _ v .
t s LR ls= 27CR [V in kmph]
v
* Length of transition curve ( 1 s)
IRC:
=2 inm/ €= forvi
s = R [vin m/sec] = 75136y, rvin m/s L
v 30 05<C<08
Is [V in kmph] C= 755V for V in kmph

Abhash Acharya | Geometric D n of Highway

* Design of Transition Curve

= Length of Transition Curve

Rate of introduction of

superelevation

* Length of transition curve (lg):

ls = eN(W + We) [If pavement is rotated about inner edge]
eN(W+We) . .
ls = — [If pavement is rotated about center]

Rate of change of the outer edge of the pavement should not be steeper than 1 in 150 in plain
and rolling terrain and 1 in 60 in mountainous and steep terrain in comparison with the grade

of the centre line.

Abhash Acharya | Geometric Design of Highway
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* Design of Transition Curve
g | Rate of change of the outer edge of the pavement should not be steeper than 1 in 150 in plain
and rolling terrain and 1 in 60 in mountainous and steep terrain in comparison with the grade

| of the centre line

= Length of Transition Curve \

= Rate of introduction of

superelevation

= Let e be the rate of superelevation

A
designed for 75% design speed for
a highway curve having normal /
pavement width of W /

= Let W, be the extra widening /
provided at the circular curve so

that the total pavement width = /
W+W.. / /’ / /
// ?/n’ff\ln\/ Z Soutce: NRS 2070
L w e
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* Design of Transition Curve
| Rate of change of the outer edge of the pavement should not be steeper than 1 in 150 in plain
and rolling terrain and 1 in 60 in mountainous and steep terrain in comparison with the grade

| of the centre line.

= Length of Transition Curve

= Rate of introduction of superelevation

* Total raising of pavement (E) for rotation
about inner edge:

A E
/ / tanf = WiWe — e
[ ) ' )
/ /’ Textra c"" L // E= e(W + We)
/ ,/," / //
/¢ jo=1N ~ . . ~ .
Soutce: NRS 2070/ / ///K\ / * Let rate of introduction of superelevation
/o / be 1in N:
b et ,A S /

£ E 1 l
W | © tanx=—=-——-FEF ==
' R . N N

ﬁs =e(W + We) - Iy = Ne(W + We)

~
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* Design of Transition Curve

g | Rate of change of the outer edge of the pavement should not be steeper than 1 in 150 in plain
and rolling terrain and 1 in 60 in mountainous and steep terrain in comparison with the grade
of the centre line.

= Length of Transition Curve \

= Rate of introduction of superelevation

el l
N T * Length of transition curve ((¢):
i /‘ 9//‘ Zo= g S)
/ /! ls = eN(W + We) [If pavement is rotated about inner edge]
[/ ‘ eN(W+We) X .
/ /- exra ) ls = B — [If pavement is rotated about center]
/ //’,’ /] /
Source: NRS 2070/ @ ,./.ﬁff”';/

:i/”%i;ii \/ | //
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* Design of Transition Curve
| Rate of change of the outer edge of the pavement should not be steeper than 1 in 150 in plain
and rolling terrain and 1 in 60 in mountainous and steep terrain in comparison with the grade

| of the centre line.

= Length of Transition Curve

= Rate of introduction of superelevation

= Lete be the rate of superelevation designed for 75% design speed for a highway curve having normal
pavement width of W

= Let W, be the extra widening provided at the circular curve so that the total pavement width = W+W,.

* Total raising of pavement (E) for rotation * Length of transition curve (lg):
about inner edge: I =eN(W +We) [If pavementis rotated about inner edge]
tanf £ e , = HWwe) b tis rotated about center]
=——T=¢e€ == - avement is rotated about center
WiWe s 2 P
/ i ) E=e(W +We)
/ / iextra // b /
/ /! / / * Let rate of introduction of superelevation
// la=1N i :
Source: NRS 2070/ / P g / be 1in N:
/ / / E_ 1 Is
/i / / tanX=—=——=F ==
[ el n\/ / I, N N

Lo oW+ We) = I, = Ne(W + We)

-
v o ~
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* Design of Transition Curve

= Length of Transition Curve

=  Minimum length requirement

* IRC empirical relations:

1_2.7V2 S L
s =R for plain and rolling terrain

& - . .
ls = 7 for mountainous or steep terrain
Where V 1s in kmph

Abhash Acharya | Geometric Design of Highway
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* Design of Transition Curve

= Length of Transition Curve

= The length of the transition curve I required on a horizonal curve depends upon the following factors:
= Radius of the circular curve, R.
= Design speed, V.

= Allowable rate of change of centrifugal acceleration C.

*  Maximum amount of superelevation E which depends on the maximum rate of superelevation (e)
and the total width of pavement (B) at the horizontal curve.

= Whether the pavement cross section is rotated about the inner edge or the center line, after the
climination of the camber.

= Allowable rate of introduction of superelevation which depends on the terrain.

Abhash Acharya | Geometric Design of Highway
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*  Design of Transition Curve
g

= Calculation of Lateral Shift
*  The transition curves are provided on both the ends of the circular curve.

= After providing the transition curve, the circular curve gets shifted towards the inner side and this shift (S) of curve

2
can be calculated as: Shift (S) = 2I4—R , where, R is the radius of the circular curve.

*  When the shift value (S) of the transition curve is less than 0.25m, no transition curve need to be provided.

= After providing the transition curve on the horizontal curve, the elements of combined curve will be:

= Tangent Length (T) = (R + S) Tan a4k /\O_v DEFLECTION
2 y

ANGLE, A

2
= Apex Distance = (R+S) (sec é- 1)
2

15¥180
2R

ls
= Spiral angle (¢p9 = ypradian = degree
= The angle obtained by circular curve (As) = A - 2¢p,

mRAs
180

= Length of circular curve (L) =

Abhash Acharya | Geometric Design of Highway
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3.5 Elements of Horizonal Alignment: Transition Curve

* Transition Curve: Numerical

The radius of a circular curve of two lane highway with a design speed of 70kmph is 220m. Assume extra widening is not
necessary, calculate the length of the transition curve and shift of the curve. Assume other necessary data approximately.
Consider the rate of introduction of superelevation be 1 in 100.
0 ke of <torye of cotrfugel sleete: W) Yok of \vwww& o Qupelomhin
- 2 = NQUDU(";"Z,B ™= e oL

) C@?" 23 - e W ye LS.
1'3_:C7&mo Jyc door X +
<. 8O = oS &F L%Q‘ 0’—}
Ft o ” oy, b, SRR
Jg o Go AV if E\%ﬁ% e %’rc AT e;ﬁoiz{!f:ﬁf -
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3.5 Elements of Horizonal Alignment: Transition Curve

e Transition Curve: Numerical

The radius of a circular curve of two lane highway with a design speed of 70kmph is 220m. Assume extra widening is not
necessary, calculate the length of the transition curve and shift of the curve. Assume other necessary data approximately.

Consider the rate of introduction of superelevation be 1 in 100.

Adop X oy d 2

Q) vem Ak eeqeh Poufemrs  fomodn Cotomkof B
2. .
4o 2AVS Lo ] V" S
£ = Eva
2 - 1,7 G
Aty = c 0 62F™
e
T W
= 6o~ g

~ fo q'qu
< BdLMe
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3.5 Elements of Horizonal Alignment: Transition Curve

* Transition Curve: Numerical

The radius of a circular curve of two lane highway with a design speed of 70kmph is 220 m. Assuming extra widening
1s not necessary, calculate the length of the transition curve and shift of the curve. Assume other necessary data
approximately. Consider the rate of introduction of superelevation be 1 in 100.

Length according to rate of change

of centrifugal acceleration

| = v: _ 703
S 47CR 47 +C %220

80 80 o
= = =0.55
75+V 75+70

1, =60.31m

NRS (2070):

[Vin kmpl]

for V in kmph

80
= S5 1560 forv inm/s
T3 05<C <08

T U5 +v

140

Length according to rate of
introduction of superelevation

Let the rate of introduction of
superelevation be 1 in 100 and rotation
of pavement is about the inner edge.

I, = N*e*W

Design of superelevation

2 -n2
e=——="2"_-010> 007
225R 225 R
Take e = 0.07
Check for f
2
f=——_e=0.105 < 0.15 (OK)
127R »
1, = NeW = 100 * 0.07 * 7 = 49 m

Minimum length recommended by IRC for
plain terrain

_ 2.7+70%
T 220

=60.14 m

Taking length of transition curve as
maximum value obtained from three cases.

I, =61 m.

e 12 512
Shift (S) = == = —

=——=——=070m
24R ~ 24 %220
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3.5 Elements of Horizonal Alignment: Transition Curve

e Transition Curve: Numerical

A national highway curve of 525m radius is to be set out to connect two straights. The maximum speed of the moving vehicles
on this curve is restricted to 90kmph. Transition curve are to be introduced at each end of the curve. Calculate a) Suitable length of
transition curve b) The necessary shift of the circular curve ¢) Chainage of Beginning of transition curve and End of transition
curve. Given that the angle of intersection = 130°24’, rate of change of centrifugal acceleration = 0.52 m/sec? and the chainage at the
point of intersection = 1092.50 m. Consider the rate of introduction of superelevation be 1 in 100.

S A e o A gt SRVE

2
L= N7 - ,
Z(%—( e N (U’%UQ_) \r’(f\-”‘\\f:\wFQJ
- 9% < looyex L AVe) .
= 0 . ~ ) 19 4em % _apll A
2( = (oo X0 06(%')( SR A
47 pCks s e T ot
Ce 0 (2" ) 2L 0-
7 ) . Coar)b S ULS  2
] c N Heo-er Cotnlo R L
,—L T e E g \19 & xees  9\ns
UFro SIS = gk
= oruguv:
I - Jof €r 00 sk °
= seyLvm Aol x = 0" 66827
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3.5 Elements of Horizonal Alionment: Transition Curve

* Transition Curve: Numerical

A national highway curve of 525m radius is to be set out to connect two straights. The maximum speed of the moving vehicles
on this curve is restricted to 90kmph. Transition curve are to be introduced at each end of the curve. Calculate a) Suitable length of
transition curve b) The necessary shift of the circular curve ¢) Chainage of Beginning of transition curve and End of transition
curve. Given that the angle of intersection = 130°24’, rate of change of centrifugal acceleration = 0.52 m/sec? and the chainage at the
point of intersection = 1092.50 m. Consider the rate of introduction of superelevation be 1 in 100. /<ﬁ§m/

QD MR Lrqbs ot

Cow? d\rj Qlom ‘\0"’\“\“/
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5 Elements of Horizonal Alignment: Transition Curve

e Transition Curve: Numerical

A national highway curve of 525m radius is to be set out to connect two straights. The maximum speed of the moving vehicles
on this curve is restricted to 90kmph. Transition curve are to be introduced at each end of the curve. Calculate a) Suitable length of
transition curve b) The necessary shift of the circular curve ¢) Chainage of Beginning of transition curve and End of transition
curve. Given that the angle of intersection = 130°24’, rate of change of centrifugal acceleration = 0.52 m/sec? and the chainage at the
point of intersection = 1092.50 m. Consider the rate of introduction of superelevation be 1 in 100.

Uy p =€ °

goC = © £ X M'U) \('q/"“

Urery of B0 0= oo TP— Tl =

Qs+ eeCt+ g+t ey

= (29§ TR
= (22

Toqet (ogfes () o & QCL

o ol
- C;’zr—l—o«’Zf??ﬂWu\g’ St

2 &

toy2-9e—

Sl = \ 23T 6 \CMN.

- Zq_i,qw\rvx <

NRTe §UY)

-L[ _ _A_EES— - 7&(&—7!55)
tgo fto
- Lyt gt
i e C el
:_?D,{‘ZX“

Loz BIHA

o Q t
- (fo -2y M
= ¢26h
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3.5 Elements of Horizonal Alignment: Transition Curve

* Transition Curve: Numerical

A national highway curve of 525m radius is to be set out to connect two straights. The maximum speed of the moving vehicles on this curve is restricted to 90kmph.
Transition curve are to be introduced at each end of the curve. Calculate a) Suitable length of transition curve b) The necessary shift of the circular curve c) Chainage of
Beginning of transition curve and End of transition curve. Given that the angle of intersection = 130°24’, rate of change of centrifugal acceleration = 0.52 m/sec® and the
chainage at the point of intersection = 1092.50 m. Consider the rate of introduction of superelevation be 1 in 100.

= A4k
(T)—(R+S)Tanz+2 -
(T) = (525 + 0.26) Tan 22 + 28 50

2
(T) = 273.30 m

Leug?l‘] according tol rate of change of W, = W, + W, Tangent Length
centrifugal acceleration . _nl? |4
W, = 28 T osvm Tangent Length
v3 903 2+6102 . 90 T
= —-. 7 — 2*6. angent Length
L 47CR 47 +0.52 %525 W= 2+525  9.5V525 e ogt
1,=56.82m W, =0.48 m Spiral angle () =

Length according to rate of introduction of
superelevation

Let the rate of introduction of superelevation
be 1 in 100 and rotation of pavement is
about the inner edge.
1, = N*e*(W+W,)
Design of superelevation

v2 902

e= = = 0.069 < 0.07
225R  225R

Take e = 0.069
1, = N*e*(W+W,) = 100 * 0.069 * (7+0.48)
1 =51.612m

144

Minimum length recommended
by IRC for plain terrain

L

_2.7Vv2% _ 2.7x90%

15+180
2R

A = 180° —130°24°
A = 49°36

degree

_ TRAs

Length of circular curve (L) =

m*525+43929"
———— =396.3.7m

180

=
< 180

= 41.65 m

Taking length of transition
curve as IHQX_L[IIUH] \'alue
obtained from three cases.

L,=57m

Total length of composite curve
L=L,+ 2l =396.37 + (2*57)
L=51037m

Shift (S) =
S=0.26 m

12 _ 572
24R  24+525

Chainage of beginning of transition curve (BC)

= Chainage of IP - T
=1092.50 —273.30 = 819.20 m
Chainage at the end of transition curve (EC)

= Chainage of BC + L = 819.20 + 510.37 = 1329.57 m
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* Design of Transition Curve

9.2 Transition Curves or Spirals
(see also annex 24.4)

a. Transition curves are necessary to allow a vehicle smoothly enter the circular curve from
straight section and vice versa.

Table 9: Length of the Transition Curve

Curve radius, m

Design speed, Km/h

10

20 | 30 | 40

Transition length, m

g. Details of combined circular and transition curves are given in annex 24.4

Source: NRS 2070

10 30 NA
b. Al horizontal curves with radius less than 1000m should be provided with transition curves. 2 s . -
c.  When circular curves of very large radius (>1000m) are provided the effect of fransition from 30 NR 10 30 NA
straight section to circular section becomes negligible and no transition curves are provided. —
50 25 50 86 NA
d. Clothoid curves (Euler's spiral) with curvature changing linearty with the length are used for > >
transition curves. 100 15 25 45 70
e. Minimum length of transition curves should be as shown in Table 9-2* 150 NR 20 30 45
Table 9-2 Length of Transition Curves 200 15 25 35
Radius,m 20 [ 30 | 50 | 60 | 80 | 100 | 150 | 200 | 250 | 300 | 400 | 500 | 1000 250 NR |20 3
Length of transition | 5 | 39 [ 35 | 40 | 45| 50 | 60 [ 70 | 80 | 90 | 100 | 110 | 120 300 15 25
curve.m
. When the shift value of the transition curve (see 24.4) is less than 0.25m no transition curve 400 NR |2
need to be provided 500 NR

NA-Not Applicable; NR-Transition not required

Source: NURS 2076
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* Sight Distance

distance to control their vehicles.

to the driver from some distance ahead.

= This distance is known as sight distance.

carriage can see objects either moving or stationary on the road surface ahead.

= Itis necessary that sight distance of adequate length should be available to permit drivers enough time and

* The geometric design of the road should be done such that any obstruction on the road length could be viible

= Sight distance is the actual distance along the road surface which a driver from a specified height above the

146
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* Restriction to Sight Distance Visibility obtained
g

= Due to sharpness of horizontal curves

= Objects obstructing vision (building, trees, cut slope or due to

inability of headlight to throw its beam along the curved Visibility desired :

alighment) at the inner side of the road curve

. . Sight line
= Due to vertical summit curves 1a
) i &o" /‘/ |— Sight trangle
= At road intersections WORZONTAL Rl %
e h; l o Conflict point

— , v .
) — -% [:'L.__——t{
- __,-"“ OBSTRUCTION TO Wisioy &

'Lw‘

oBJECT Restriction in Sight Distance at Intersections
0.15 m HIGH |

(b) SIGHT DISTANCE AT VERTICAL SUMMIT CURVE

hash Acharya | Geometric of Highway
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Available
Sight Distance
- —— Required Sight Distance

* Restriction to Sight Distance

*  Due to sharpness of horizontal curves

= Objects obstructing vision (building, trees, cut

slope or due to inability of headlight to throw

:L‘u-x't“(;' Sight

Available

O~ | sight Distance )
its beam along the curved alignment) at the {a) Restirction to required SO (b) Restricted visibility at night
due to building inside due to headlight limitation

inner side of the road curve
Road Situations with Sight Distance
] ) Restrictions at Horizontal Curves
= Due to vertical summit cutrves

= At road intersections

Vehicle Path

Carriageway

(c) Restriction Visibility due to
Trees/Shrubs

Road Situations with Sight Distance Restrictions
at Horizontal Curves

Abhash Acharya | Geometric Design of Highway
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* Restriction to Sight Distance

(a) — SO desired for the visibility of road surface
= Due to sharpness of horizontal curves { 53 fﬁ;"lﬁ','ﬁlf’;‘{';:;‘;ﬂ’”"’
= Objects obstructing vision (building, trees, cut 1\ h=0.15m (Obstruction)
slope or due to inability of headlight to throw he=1 1'“1 Ih-l 2m
its beam along the curved alignment) at the /
inner side of the road curve ILdﬂlred for the visibility of opposing vehices
= Due to vertical summit curves (b) SO required for

the visibility of
road surface at night

= At road intersections

Visibility actually obtained

u®
Road Situation with Sight Distance Restrictions at Vertical &%

Abhash Acharya | Geometric D n of Highway
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*  Types of sight distance

= Tollowing sight distance situations are considered for design:
= Stopping sight distance (SSD) or the absolute minimum sight distance.
= Intermediate sight distance (ISD) is defined as twice SSD
= Opvertaking sight distance (OSD) for safe overtaking operation.
=  Headlight sight distance is the distance visible to a driver during night driving under the illumination of
head lights.

= Safe sight distance to enter into an intersection.

* The most important consideration in all these is that at all times the driver travelling at the design
speed of the highway must have sufficient carriageway distance within his/her line of vision to allow
him/her to stop vehicle before colliding with a slowly moving or stationary objects appeating

suddenly in his/her own traffic lane.

Abhash Acharya | Geometric Design of Highway

150

73



18/02/2023

* Stopping Sight Distance (SSD)

= Stopping Sight Distance (SSD) is the minimum sight distance available on a highway at any spot having
sufficient length to enable the driver to stop a vehicle travelling at a design speed, safely without collision with

any other obstruction.

= Stopping sight distance is also known as non passing or non overtaking sight distance.
= The sight distance available on a road to a driver at any instant depends on:
= Feature of the road ahead
Hotizontal alignment / vertical profile of road / traffic conditions / position of obstructions.
= Height of the drivers eye above the road surface.

= Height of the object above the road surface.

Abhash Acharya | Geometric Design of Highway
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* Factors governing Stopping Sight Distance (SSD)

= Total Reaction time of the driver

= Speed of the vehicle

= Efficiency of the brakes

=  Frictional resistance between the tite and the road

*  Gradient of the road

Abhash Acharya | Geometric Design of Highway
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* Factors governing Stopping Sight Distance (SSD)

= 'Total Reaction Time of the Driver

Reaction time of a driver is the time taken from the instant the object is visible to the driver to the instant
when the brakes are applied.
The stopping sight distance increases with increase in reaction time of the driver.
The total reaction time is splitted into: perception time and brake reaction time.
Perception time is the time required for the driver to realize that brake must be applied.

= It depends upon the speed of the vehicle, distance of object and other environmental conditions.
The brake reaction time depends on skill of the driver.

= Itis the time that elapses between the moment the foot is removed from the accelerator paddle and

placed on the brake paddle and time to actuate brake action.

The total reaction time may be split up into four components based on PIEV theory

The reaction time of 2.5 seconds is considered in the design of stopping sight distance (SSD).
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* Factors governing Stopping Sight Distance (SSD)

= Total Reaction Time of the Driver

BRAIN

PIEV Theory
P - PERCEPTION
1-INTELLECTION
E - EMOTION
V-vounon

= As per PIEV theory, reaction time of the driver can be further
classified as:

= Perception: The recognition of realization that a signal or ETaRGE nesponse

stimulus exists and requires a response. REFLEX ACTION

= Intellection: An interptetation/identification of the stimulus.

* Emotion: The determination of an appropriate response to

the stimulus.

= Volition: The physical response resulting from the decision.

154
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* Factors governing Stopping Sight Distance (SSD)

= Speed of the vehicle
= Higher the speed of the vehicle, more will be the distance required to stop the vehicle.
= Efficiency of brakes
= Efficiency of brakes depend upon the age of the vehicle, vehicular characteristics, etc.
= Higher the brake efficiency shorter the sight distance.
= Frictional resistance between the tyre and the road
=  When the frictional resistance is more, the vehicles stop immediately. Thus, sight distance required will be
less.
= Gradient of the road
= While climbing up a gradient, the vehicle can stop immediately therefore sight distance required is less.
= While descending a gradient, gravity also comes into action and more time will be required to stop the

vehicle, therefore sight distance required will be more.
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* Analysis of Stopping Sight Distance (SD)

= The stopping distance of a vehicle is the sum of:
= Reaction/lag distance and braking distance
=  Reaction/lag distance
= The distance travelled by the vehicle during the total reaction time known as lag distance/reaction

distance.

Reaction distance (m) = vt v(m/sec)
Reaction distance (m) = 0.278Vt V(Kmph)

= tis considered 2.5 secs for the calculation of SD.
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157

Braking distance l

Analysis of Stopping Distance (SD)

= Braking Distance

coefficient of longitudinal friction
weight of vehicle

maximum frictional force developed per unit length

of road = fxW
the braking distance

Work done in stopping vehicle against frictional force =f X W X [

- . . 1 1wp?
Kinetic energy at design speed of » (m/sec) = 3 mv? = -—-

2 g

Equating work done in stopping vehicle and change in Kinetic energy:

The distance travelled by the vehicle after the application of the brakes to a dead stop position which

is known as braking distance.

. 2
(fxWcos6 + Wsmg)l =1

v? m
l=—7—7— v (—)
2g(f+0.01n) sec.

"~ 254(f+0.01n)

1wv?
fxWxl = 2 g

<

=297 v(m/sec)
[ V(Kmpl
2541 (Kmph)

V2
SD =0.278Vt er

Considering braking efficiency 5

2
SD = 0278Vt +——oe V(kmph)

ash Acharya | Geometric

100 2 g

ve V(kmph)

m
v(—
sec.

V(kmph)

of Highway

Let f:
w:
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- i - 1 5 1ww?
Kinetic energy at design speed of » (m/sec) = Smvt =3

Analysis of Stopping Distance (SD)

= Braking Distance

is known as braking distance.

coefficient of longitudinal friction
weight of vehicle

maximum frictional force developed per unit length

of road = fxW
the braking distance

Work done in stopping vehicle against frictional force =f X W X [

g

Equating work done in stopping vehicle and change in kinetic energy:

1wv?
fxWxl = 2 g
2
Braking distance 1= % v(m/sec)
Ve
1= 2547 V(Kmph)

The distance travelled by the vehicle after the application of the brakes to a dead stop position which

: 2
(fxWcos6 + Wsme)l L

- v(5)
" 2g(f+0.01n) sec.

l= 254(f+0.01n)

%
254(f£0.01n)

Considering braking efficiency 5

254(f+0.01n)n

Abhash Ackh

harya | Geometric Design of Highway

100 2 g

V(kmph)

()
v(—
sec.

V(kmph)

V(kmph)

77



18/02/2023

* SD Requirements

Table 2: Stopping Sight Distance value for Different Speeds

Table 8-1: Stopping distance Design Lag Stopping Sight Distance
Speed Distance Braking Distance (m :
Speed, km/h 20 30 | 40 60 80 | 100 | 120 (,fm_‘.,,) (m) ) Calculated (m) R.:;lg“
Stopping Distance,m 20 30 50 80 | 130 | 190 | 260 10 6.9 1.0 79 10
20 13.9 3.9 | 178 20
Source: NRS 2070 30 208 38 [207 30
40 27.8 16.6 443 45
50 347 26.6 [613 65
Source: NURS 2076
Table 8.1-Safe Stopping Site Distance
A —_ = s
Perception and Brak oefficient of \K Safe Stopping Sight

Speed, km/hr

Reaction Time, t (sec) | Longitudinal Friction | Distance, m

B 25 0.4 [ 15

[F w2 ZE508 = T 0.40 5
1 25 25 T W
[ 80 25 0.40 | 30 ‘
= 25 0.38 45 ]
50 25 037 | G

Source: NRRS 2071
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Safe Stopping Sight Distance

For one way or two way movements in same number of lanes:

$SD=SD
= SD =88D “____
I
X — O
:q O Object ———-———==f oo
Object — Q4 * ,EI:I
i | ssp=sp |

@ %

For two way traffic movements in single lane:
= SSD =2 SD (Intermediate Sight Distance ISD)

! sD SD

'SSD=2*sD!

When overtaking sight distance cannot be
provided, intermediate sight distance (ISD)

is provided to limited overtaking

opportunities to fast vehicles.

160
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3.5 Elements of Horizonal Alionment: Transition Curve

* Sight Distance: Numerical

Compute the minimum sight distance required to avoid a head on collision of two busses approaching from the
opposite directions. The speed of both the buses is 70 kmph. Assume a total perception and brake reaction time of _2.5
— ===
seconds. Coefficient of friction is 0.40 and brake efficiency is 50%.
| =
o
S S — o= ooatVEt Y \
/ s Sz Cf AN
{ ZZ S
( e-
s \
N B —02A8K Fo R @S+ .
Fe— atbr (80RO
9Lt ST,
é > _ I“\f\((m < SrD\
SO ———
— oAU
SeD= §D 5P, = 2RID = 2 Q-
= e
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* Sight Distance: Numerical

Compute the minimum sight distance required to avoid a head on collision of two busses approaching from the
opposite directions. The speed of both the buses is 70 kmph. Assume a total perception and brake reaction time of 2.5
seconds. Coefficient of friction is 0.40 and brake efficiency is 50%.

Ve
D =0.278Vt + Z5a(rz001m)n V(kmph)

L
=] sSD=2*SD!

2 _— - S —

AR
254 (f +n)n

SD = 0.278 Vt +

702
SD = 0.278 * 70 * 2.50 + 254 x0.40 *0.50

SD = 145.10 m

Adopt minimum sight distance = 2 * SD = 2 * 145.10 m

Minimum sight distance = 290.20 m
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3.5 Elements of Horizonal Alignment: Transition Curve

* Sight Distance: Numerical

Calculate the safe stopping distance for design speed of 60kmph for a) two way traffic in two lane road b) two way

traffic in a single lane road.
2.
D= otV N — .
zgz(({—i‘m)%}’t foicqttfz 021 @

§5D=SPT A9

Jom.  —— (@)

= .
&) 7= 28D = €8

2
SEDSD +5P,
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* Sight Distance: Numerical

Calculate the safe stopping distance for design speed of 60kmph for a) two way traffic in two lane road b) two way
traffic in a single lane road.

2]

—

254 (f +n)n
60

SD =0278*60*250 + 3550038 | - T2

SD =79 m

D = 0278Vt + V(kmph) SD =0.278 Vt +

254(££0.01n)n

Table 24-2 : Coefficient of longitudinal friction

SD | SD
Speed(km/h) [

20
30

— — =] SSD = 2* 8D
40 ! E—
60 . SSD

I

80
100
120

a) Safe stopping distance for two way traffic in two lane road = SD = 79 m

b) Safe stopping distance for two way traffic in a single road = 2 SD = 2*79 = 158 m
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* Sight Distance: Numerical [Practice Questions]

Calculate the minimum sight distance required to avoid a head-on collision of two cars approaching from the opposite
directions at 90 and 60 kmph. Assume a reaction time of 2.5 seconds, coefficient of friction of 0.70 and brake
efficiency of 50 percent in both the cases.

Calculate the stopping sight distance on a highway at a descending gradient of 2% for a design speed of 80kmph.
Assume other data.

The design speed of a road is 65 kmph, the friction coefficient is 0.36 and reaction time of driver is 2.5 secs. Calculate
the values of a) Head light sight distance and b) Intermediate sight distance required for the road.

Abhash Acharya | Geometric Design of Highway
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* Opvertaking Sight Distance (OSD)

* Also known as passing sight distance

*  Minimum distance that should be available ahead to the driver of a vehicle intending to overtake a slow

vehicle, to avoid collision with vehicles coming in the opposite direction.

c
sl

N

Distance (m)

fials)

=1}

At \ehicle intending to overtake
B : \ehicle to be overtaken

C: \ehicle coming from opposite direction

m
o)
L=
e

>0 o0

o e=

Time(s)

3|
I

Dynamics of Overtaking Operation
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Factors affecting OSD

Speed of  overtaking, overtaken and vehicles coming from opposite direction
Spacing between vehicles
Skill and reaction time of driver

Rate of acceleration of overtaking vehicles

Gradient of road

Abhash Acharya | Geometric D n of Highway

Analysis of OSD

Slow vehicle travels at uniform speed
Drivers require short time (2 secs in average) to perceive the situation, react and start acceleration
Fast vehicle reduces its speed and follows the slow vehicle as it prepares for overtaking

Overtaking is accomplished under a delayed start and early return and travel during actual overtaking operation is

an uniformly accelerated travel.

Al A2 B1 B2 A3
[ XN— [ X [ ®— L X -T X
AN —— A - mm S
c2 Cc1
s 1 b L S
I di d2 d3 |
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*  Analysis of OSD —=] =
Let R ——— - I |
vb:  Speed of vehicle B to be overtaken m/sec . b . ¢ ) “
v: Design speed of the vehicle A and C in m/sec a1 l a2 J a3

The complete overtaking maneuver can be split up into three parts, thus dividing OSD into three parts di, d2

and d3
du: Distance travelled by overtaking vehicle A during the reaction time (t) of the driver from A1 to A2
(to decide whether or not to overtake, 2 secs)
d2: Distance travelled by overtaking vehicle A from A2 to A3 during the actual overtaking operation in
time (T)
ds:

distance travelled by on-coming vehicle C from Ci to C2 during the overtaking operation of

vehicle A i.e. T secs.

Abhash Acharya | Geometric Design of Highway
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* Analysis of OSD

d1:

* \ehicle A approaches vehicle B
* A reduces its speed to the speed of  the slow vehicle B and moves behind it during the reaction time (t) till there is an
opportunity for safe overtaking operation.

* The distance travelled by the vehicle A during this reaction time t between the position A1 and Azis di.

dy = vpt

Abhash Acharya | Geometric Design of Highway
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* Analysis of OSD

* Equating:

e d2
¢ From A2 the vehicle A starts to accelerate shif
to the adjoining lane, overtakes the vehicle B

and shift back to the original lane ahead of B to

1
25 +v,T = (vpT + EaTZ)

m

l d3 A T=

Va

* The distance travelled by B during overtaking

. - . dy = vyT +25
position A3 in time T sec which is the actual operation T between the position B1 and B2 is

. . b During this time vehicle A travels d2 from
duration of overtaking

T= \/E s = (0.69v, + 6.1)
position A2 to A3. So, a

 \khicle A keeps the spacing s between A2 to
d, =2s+b=2s+v,T

B1 and between B2 to A3. s may be taken as

Speed Maximum overtaking
[kmph/(m/5)] acceleration (m/<?)
the minimum spacings of two vehicles while * Assuming Vehicle A accelerated from initial 25/6.95 141
30/8.34 130
moving with the speed vym/s given by velocity v}, with uniform acceleration (a): 40/1110 124
50/13.86 L1l
formula: 1 2 65/18.00 0.92
s = (0.69v, + 6.1) dy = (v,T + EaT ) 80/2220 013
100/27.80 053

Source: NRS 2070

Abhash Acharya | Geometric Design of Highway

174

Al A2 81 B2 A3
* Analysis of OSD CH— [(®, [ — = e
e —— s [
[>] c
d3: s b -

* The distance travelled by vehicle C moving at design speed v m/s during overtaking operation of A i.e. during time T is
distance ds between positions C1 and Cz.

d; =vT

0SD = vpt+v,T + 25 +vT for vin m/sec

0SD = 0.278Vyt + 0.278V,T + 25 + 0.278VT  for V in kmph

When speed of overtaken vehicle V}, is not given, assume

Vp = (V —16) kmph

vp = (v — 4.5) m/sec

Abhash Acharya | Geometric Design of Highway
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Recommended OSD CR—» (X [W—> [X.-T X

Tvo way traffic road
OSD = di+da+ds

. On divided highways and one way traffic roads, OSD = (di+d2)

Inter mediate sight distance (2SSD) is provided when provision of OSD is not possible.

Table 8-2: Overtaking distance

Speed, km/h 40 60 80 100 120

Minimum Overtaking Distance,m 165 | 300 | 470 | 640 880

Source: NRS 2070

h Acharya | C of Highway
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Overtaking Zone

= Provided when OSD cannot be provided throughout the length of highway

3-5 times osd

,
|
|
1
1

i i
H 8.4 Overtaking Zones
1
i a. In stretches of roads where sufficient overtaking sight distance cannot be provided or on

single lane roads where overtaking or crossing opportunity is not available, overtaking or
passing zones shall be provided

b. The width of the overtaking zone shall be the same as that of a minimum two lane road

c. Length of the overtaking zone shall be at least 3 times the overtaking distance on two and
more lane roads.

d. On single lane roads length of passing zones shall be at least 2 times the overtaking sight
distance.

l e. On single lane roads overtaking/passing lanes should be provided at not more than 1km
interval.

1
)

.—osd,;

f.  The start and end of overtaking zone shall be well informed by placing appropriate signs at

i
3-5 times osd least stopping distance before the start and end of the zone.

Si— Overtaking zone begin
S>-End of Overtaking zone Source: NRS 2070

177
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]S alehedien, fesnpln. g

* | Overtaking Sight Distance: Numerical E

The speeds of overtaking and overtaken vehicles are 70 and 40 kmph, respectively Calculate safe overtaking sight
distance considering a) two lane road with two way traffic b) two lanes with one way traffic. Assume all data suitably.
Acceleration = 0.99 m/s2. 0{‘—\—5\1{'&2‘ A4,

@ \)i/f, @ . drd A8z
e =aA3am
_J&er

0:9% ok"w\z

~ 20-22%\e¥
. pucafiees . -
= l?z:(]fh/\.

=

o\z-—\\wlﬁ’—}‘uﬂ y 2xI3:366 '

dg- Fort
V- uo XS o M
- T

1. 28ee-
G 2229\

dy = WTH2S

((-(MTWLO’?(S' = 1\ 0: 895V,

\/

AV S Y

o o5y LU A6
- |- 466

dz -~ ¥XT

. 90 W
- Ao RSy FUCF ﬁ//
€ G (ASW™:
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* Opvertaking Sight Distance: Numerical

The speeds of overtaking and overtaken vehicles are 70 and 40 kmph, respectively Calculate safe overtaking sight
distance considering a) two lane road with two way traffic b) two lanes with one way traffic. Assume all data suitably.
Acceleration = 0.99 m/s2.

dl = 17bt

for two way traffic for one way traffic

OSD = di+datds I OSD = dit+d

0SD = vpt+vpT + 2S5 +vT for vin m/sec

4y = vt dy = v, T +25 = 11.11¥T + 25 4 =vT Minimum length of

o 3 5 overtaking zone = 3 OSD
v, =40% ;g =1111m/secs JT = JZS = /64;1 v = 7075 = 19.40 m/sccs

= = *
t = 2 secs s = 0.69v, + 6.10 d; = 19.40 * 7.47
d; =11.11%2=2222m s=0.69*11.11 + 6.10 d; = 144.90 m

=13.76 m

} BT e | O i S Thm
0.99 0.99 for two way traffic

(11.11 * 7.47) + 2s OSD = ditd2=132.74 m
d_ =83 + (2¥13.76) = 110.52 m for one way traffic

Abhash Ac | Geometric
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nt: Ol
@ |
Overtaking Sight Distance: Numerical —

Calculate the safe overtaking sight distance for a design speed of 96 kmph for acceleration of/ 2.5 kmph/secs.)Assume

el Q-

all other data suitably. Ve
V{:(sé—lﬂ) levpl OL. Roxs _oz-oamisy | f, - a2 1ixtil A 2RINE 2. € lomn.
= R0 lcw\(’l/‘\ & \ T &Y F Ly Jeer
e 22 X6
S=06ox 2222 <
. Yl f‘\M
= 203 ™ Az = VT M

.

_ofrg ¢ e\

SFE 54_§ . [_kx 25K 60
e 2600

| grerus = 2967

o

A tde = 630 HETE o pggys

_ ZRLMT- = w
N Toeoy ,

= (f\\sed
= ISt
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Overtaking Sight Distance: Numerical
Calculate the safe overtaking sight distance for a design speed of 96 kmph for acceleration of 2.5 kmph/secs. Assume
all other data suitably

OSD = ditdbtds I OSD = ditdb s = (0.6, + 6.1) dy — uT
T:J:
a

for two way traffic for one way traffic

0SD = 0.278V,t + 0.278V,T + 25 + 0.278VT  for Vin kmph When speed of overtaken vehicle Vp is not given, assume
Vy = (V — 16) kmph

Given, V = 96 kmph dy = 0.278V, T +2s v (o — 45), mlie
Vi, = 96 — 16 = 80 kmph D, = 0.278%80%T + 25

T= [l44s _ 144xs Minimum length of
a A T4 250 d; = 0.278VT overtaking zone = 3 OSD

d, = 0.278%96*11.31

d; = 0.278V,t s = 0.69%0.278*V,, + 6.10
d, = 0.278*%80*2 s = 0.20*80 + 6.10
s =2210 m d; = 301.84 m

6y = sl _ [144ss _ [1440x22.10
T=0%50 {230 OSD = di+dotds = 642.49 m
T

= 11.31 secs for two way traffic
d; = (0.278*80%11.31) + 2s
d; = 251.61 + (2*22.10) = 295.85 m

OSD = di+d2= 340.65 m
for one way traffic
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Sight Distance at Intersection

= Atintersections, visibility should be provided for the drivers approaching the intersection from either side.
= They should be able to perceive a hazard and stop the vehicle if required.
= Stopping distance for each road can be computed from the design speed.

= The sight distance should be provided such that the drivers on either side should be able to see each other.

= Design of sight distance at intersections may be used on three possible conditions:

. . . Sight line
= Enabling approaching vehicle to change the speed. ]
. ) . & L,— Sight trangle
= Enabling approaching vehicle to stop. %\)\\5
Conflict point
= Enabling stopped vehicle to cross a main road. 5 > g
- e

Restriction in Sight Distance at Intersections

182
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Setback Distance

= Clearance distance required from the centerline of a horizontal curve to an obstruction on the inner side of the curve to

provide adequate sight distance at horizontal curve.

*  Depends on: S
= Sight Distance (SSD, ISD and OSD), S
A ¢ B
* Radius of the curve, R
= Length of the curve, L.
R R
a/2

Abhash Acharya | Geometric Design of Highway
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e Setback from Obstructions /sﬂ/%\
c

Casea) L. > S

a is angle subtended by S at the center of the curve.
= S Aodiam R R
e 'Nwt‘( ) od= R. 0(-? i
m= 0d-oC = &~ ol = 180XS degrees a/2
2AR..
T AoAC:
coso = 0 = 2% = oc- Rcos%, o)
2 OA (28 2 = For single lane road

o )Xox&“]
e R Reasty = B RO/ 0]

=5 diane = 1805
a—Rla l1ans = R egrees

—R—R («)_R R 180S
m= cos )= cos >R
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* Setback from Obstructions /Rmun e
* Casca).>S « :
" «ais angle subtended by S at the center of the curve. \;
- C/ *
A . m= O »-0
Pord centyr v e oc. \

<A N OPVC' a=Ridradiaus=%d€Ef“5
5{‘ Cogo(/ ~ 0 c
<% 0 of- m:R—(R—d)cos(%):R—(R—d)cos(%)
o8, -~ 0C
RN,

oc = Cp-d) €8 O<fz,

N S 'g_ CL'&) Cdfo%
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Setback from Obstructions

For multi lane road

= Sight distance is measured along the
= Casea)L.>S§S

middle of the inner side lane.
a is angle subtended by S at the center of the curve.

d = Distance between the center line of carriageway and the center of inner
lane.

For single lane road

i 1808 a
a = — radians = —— degrees
R ™ &

a/2

a 180S
m = R — Rcos (E) =R — Rcos

2nR

=

S adians <1805
R_dra lans—n(R_d) egrees

m = R = R~ e (5) = R R~ eos (s

187
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* Setback from Obstructions = .
c i m [} A (s-L2
___________________________ ™ 7\\
= Caseb) L. <S { //
* a must be determined with reference to L. \\ ?R
//
' N i //
Cotodakion off Mg \ ////
. \y/
Mg = 0D~ O o
hiatchtal "\"W\Z-
= kool R Rcose = For single lane road
= Re[lcose, :
2
oc s P, T e
2 2
g L Q“ Q\QCJOQZ- m1=R—RCOS(;)
whent
To ATEL m= S5 an3)
cmm . SE Ly Flen My TNy, - L xogions.
: (Z - 3 180L,\ (S—1L.) . [180L,
TL ‘ m:R—Rcos(ZﬂR>+ 3 sm( 2nR)
‘-[LL]“"‘/ s 180l
2 2. dq'wf/_?
2R
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¢ Setback from Obstructions

= Caseb) L. <S
* @ must be determined with reference to L.
b & cokr Dines
e Ay
o _cp-4) QoM[/L‘

my (L] By
A W\\ *WVL

- ?\FCL&VOMQ

S

18/02/2023

d = Distance between the center line of carriageway and the center of inner
lane.
= For multi lane road

< radians *—Lc
R-d “m(R-d)

a= degrees

my; =R — (R —d)cos (%)

5 an(3)

my =

180L, S—1L, 180L,
m=R—[R—d)cos< < )+( ")sin( < )

2n(R - d) 2 27(R - d)

189

Abhash Acharya | Geometric Design of Highway

e Setback from Obstructions

= Caseb) L. <S

* a must be determined with reference to L.

= For single lane road

L.

degrees

Lo 180
a= 7 radians =

my; = R — Rcos (%)

B 180L,\ (S—L.) . [180L,
m=R Rcos( 7R )+ 3 sin 7R

Rood Center lina

d = Distance between the center line of carriage:

y and the center of inner
lane.
= TFor multi lane road

L 0L
< radians = =

1
R—d —mR—d) degrees

=

my =R — (R —d)cos (%)

LR

my =

180L, S—1L, 180L,
m:R—[R—d)cos( L )+( c)sin( < )

2m(R—d) 2 2n(R —d)
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¢ Setback Distance: Numerical

A four-lane divided highway has a curve 1000m long and a radius of 550m. The safe stopping sight distance was 250m.
Calculate the minimum setback distance from the inner edge of a road to ensure safe visibility The pavement width per
lane is 3.50m.

Q 1805
| _ dians —
c g radians = degrees

Distance between the center line of = s m=R-@- d)m() R—R- ‘”C“(zn:;o-sd))

3.50
Or,d =350+~

d=525m

Central angle subtended by the arc of length S

m (B-d)

180%250 260" . Setback distance frorn the edge of carriageway Or, Setback distance from
T mx(550-525) 0 =R-R-d) cos £ > 7 the edge of carriageway
26°17'4031" 350 x4
Setback distance from the center of the road, eI CRIUR )RS e — - (R-d) cos - (3.50 * 2)
m =R — (R-d) cos £ — 1253 m

2 = 12.53 m
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R le ¢ & MyT CE-CDL g kAt L = 1503
* Setback Distance: Numerical KP"’}Q kS
- ncl

The radius of center line of circular curve is 650m and the sight distance required is 400m. Thc length of curve is

300m. Find out the set back from an obstruction to the center line.
p = z§§ Y
C- L™
[c =R
=

Cerrder Lne -
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195

Setback Distance: Numerical

The radius of center line of circular curve is 650m and the sight distance required is 400m. The length of curve is
300m. Find out the set back from an obstruction to the center line.

RS [a——
Distance between the center line of
carriageway and the center of inner lane.

Central angle subtended by the arc of length S
_ 180L¢

" w(R—-d)

m=R~— (R~ d)co

_ 180300

= 26°30°56.14” IR

m+(650— m =R - (R-d) cos it - siu;

26°30'56.14° | 400-300 . 26°30'56.14°
+ sin

Setback distance from the center of the road, >

m=R— (R-d) cos%+37

m = 650 — (650 — 1.75) cos
m = 3049 m

Acharya | Geometric Design of Highway

Gradient

= Rate of rise or fall along the length of road.

=  Expressed as a ratio of 1in N (1 vertical to N hotizontal) or n%
P

)

1
(X
' 100

|f—————»|

197
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Elements of Vertical Alignment: Gradient

¢ Resistance to Traction

= Alir resistance (R,)
= Caused by:
= Reaction pressure of the air against the front
of the vehicle.
= Friction of the air against the sides of
the vehicle body:
= Eddying of the air steam behind the vehicle,

under the body and around the wheels.

198

= Rolling Resistance (R,)

= Resistance against the impact when the vehicle wheels run
over the irregular road surface.
= Grade Resistance (R;)
* Resistance against the additional force required to move
the vehicle up along the inclined plane.
= Inertial Resistance (R;)
= Inertial resistance is due to the tendency of the
vehicle to continue its original state of uniform
motion of acceleration or deceleration.
= Total force required for the vehicle to overcome tractive
resistance is given by:
P =R, +R, +R; tR;

Dynamic factor: P/W = f(R,, R;, R;)
= Tractive force or effort to be gained by vehicle engine mainly

depends on the gradient i.

h Acharya | C of Highway

¢ Momentum Grade

road resistance due to grade.

= Economic, reduced tractive effort.

Vi:  Approach Speed

Vo:  Esit speed

i Gradient at the approach
section

‘ ~  ipmgy Maximum steep grade
= — I Length of road section
Momentum Grade with grade imax

199

* Grades on which the momentum gained by the vehicles at the beginning of a steep climbing section is used to overcome the

= Practical significance when the steeper grade is encountered after the mild grade.

= For every momentum grade there is certain length L that can be overcome with approach speed to get the desired exit speed.

* The difference in momentum is used to overcome the additional resistance due to resultant grade (imax — 1)-

Graderesistance: R, = W (i, . — i)

Work done by vehicle
in overcoming the grade resistance

Change in momentum =
in terms of kinetic energy

Em (1,2 - 12) = LW (i — ©)

L= 3(V1: - V“e)
29 (imax—1)
Where, § = Coefficient of inertia

(Air resistance is assumed constant)

Abhash Acharya | Geometric Design of Highway
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*  Momentum Grade

*  The maximum economic ascending grade
*  Permit the vehicle to ascend without any shifting of gears and within a reasonable speed change.
*  The safe descending grade for economical operation
= Does not requite the use of brakes and on which the vehicle shall not develop unsafe speed.
= Magnitude of momentum grade should be selected in such a way as not to get the end speed too low
= For a given magnitude of momentum grade, its length should be such that the end speed should be within the reasonable

limit.

Abhash Acharya | Geometric D n of Highway
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e Types of Grade

Classification as per Indian Road Practice:
*  Ruling Gradient
¢ Limiting Gradient
*  Exceptional Gradient

¢ Minimum Gradient

Abhash Acharya | Geometric Design of Highway

201

95



18/02/2023

* Types of Grade: Ruling Gradient
* Maximum gradient  within which the designer attempts to design the vertical

profile (design gradient)

* Adopted as a normal course in design and accordingly the quantities of cut and fill

are balanced. Roling Gradient

* Amount of gradient should be such that the vehicle could overcome the long stretch of  road with this gradient

with an economic consumption of fuel. Table 12.1 Recommended gradients
S District Road (Core Network) Village Road
. Design Standard
Depends on N S Hill Terai Hil Terai
. 1 | Ruling gradient (%) 7 5* 7 5
o The type of terrain 2 [Limiting gradient (%) 10 5 10 6
[ -
3 | Exceptional gradient (%) 12 7 12 7
Length of grade —
o Le gt ot g Limitation of maximum
. 4 |gradient length (m) above 300 - 300
o Speed of vehicles average gradient of 7%
. Maximum recovery gradient
. Source: NRRS 2071 (%) to be applied after gre
; = | (%) to be applied after gradi-
o Power of the vehicles 3 |entin excess of 7% for a mini- : = 4 2
mum recovery length of 150 m
o Type of traffic . [Maximum gradient at bridge =
. . . g approach (%) X o 22 3 B
o Presence of horizontal curves in the road alignment. S [Minimum gradient on il
roads (for better drainage) (%)

202

Elements of Vertical Alignment: Gradient

e Types of Grade: Ruling Gradient
+ In flat terrain or plain country possible to adopt a flat gradient. In hill roads, uneconomical or sometimes not
even possible.

® IRC recommendation:

o Plain and rolling terrain: 3.33%
1 Q o e 0,
o Mountainous terrain: 5% Table 12.1 Recommended gradients
. 0 " =
= - . S District Road (Core W a
I} Stccp terrain: 6% S Design Standard istrict Road (Core Network) Village Road
N Hill Terai Hill Terai
1 | Ruling gradient (%) 7 5* 7 5*
2 | Limiting gradient (%) 10 6 10 6
3 | Exceptional gradient (%) 12 7 12 | 7
Limitation of maximum
4 |gradient length (m) above 300 - 300
average gradient of 7%
Maximum recovery gradient |
5 (%) to be applied after gradi- 4
~ | entin excess of 7% for a mini- 4
mum recovery length of 150 m
- [Maximum gradient at bridge A & =
8 approach (%) 9 2 P 5
- |Minimum gradient on hill 0.5 0.5
Source: NRRS 2071 roads (for better drainage) (%) |  (max1%) = (max1%)

Abhash 2 Design of High
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Types of Grade: Limiting Gradient

*  Steeper than ruling gradient

* May be wused in restricted length if significant savings in earth

works and other aspects can be achieved
e Should be a stretch of

followed by road having very small

gradient or a leveled road
¢ Preferable:

o Limiting grade would not exceed the momentum grade for a particular or desired exit speed

Table 12.1 Recommended gradients

N,

N Section with
Liriting Grade

(9 Limiting Gradient

o At the beginning of limiting grade section, road should

Design Standard

s.
N,

have enough length to gain the momentum.

¢ IRC recommendation:

o Plain and rolling terrain: 5%
o Mountainous terrain: 6%

. Source: NRRS 2071
o Steep terrain: 7%

204

District Road (Core Network)

e Types of Grade: Exceptional Gradient

(i) Causeway

*  Exceptional Gradient

* Even steeper than limiting gradient
. . . Exceptional grade
¢ Provided only in exceptional cases

o on approaches to cause ways
o near hair pin bends
¢ Allowed only for short stretches (not more than 100m in a stretch)

¢ Should be provided only in very difficult situation where they can not be avoided.

Table 12.1 Recommended gradients

(8) Hair Pin Bend

Exceptional Gradient (1) in Causeways (i) in Hair

Exceptional grade
oy

Pin Bends

® RC recommendation: s | Design Sta D\slrclRuadJ?nr« Network) [ Village Road
N. % ; Hi Terai
. . N F 0 Ruling gradient 7 8
o Plain and rolling terrain: 6.67% [ 2 [ timiting gradiont 0 6
. . |3 | Exceptional gradient (%) 12 7
o Mountainous terrain: 7% [, [Umiaton " of " maximm
[4 dient length (m) above 300
rage gradient of 7%
o arraine 0, Maximum  recovery gradient
o Steep terrain: 8% 5 | (%) 10 b0 anpled ater grac
® | entin excess of 7% for a mini- g
mum recovery length of 150 m
[ [Maximum gradient at bria
e 5

| 7 |Minimum ~gradient on nill
roads (for better drainage) (%)

Source: NRRS 2071

Abhash
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Types of Grade: Exceptional
Gradient

() Causeway

(i) Hair Pin Bend

Exceptional grade Excaptional grade
oy

Exceptional Gradient (i) in Causeways (i) in Hair Pin Bends

Table 12.1 Recommended gradients

District Road (Core Network)
Hil

Ruling gradient (%) 7

Village Road

[ ST Desion Standera

Limiting gradient (%) 10

tional gradient (%) 12

of  maximum
length  (m) above 300
gradient of 7%

to be applied after gradi-

ent in excess of 7% for a mini- o

mum recovery length of 150 m

Maximum gradient at bridge

approach 8
nt on il

r drainage) (%)

Source: NRRS 2071

Design Speed,kmh | 20 | 30 | 40 | 60 | 80 100 120
Maximum Gradient% | 12 10 9 7 3 5 4
Gradient.% 4 5 6 7 9 10 12
Maxmumicriical) | oo 450 400 300 200 150 150
Source: NRS 2070

Most urban roads carry mixed tratfic including slow moving vehicles like bicveles.

Besides this. urban roads generally have intersections at frequent intervals, In view of

this, as

urban roads. On roads carry

gradient should desirably not exc

near levels as possible

predominantly slow moving traffic

neral rule, a gradient of 4 percent should be considered the maximum for
however, the
ed 2 percent. At intersections, the road should be as

Gradient 4 5 6 7 9 10 12

Maximum  critical < 1 N & P

Teagih ifgrade w 600 |450 | 400 00 200 150 150
Source: NURS 2076
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Ele ts of Vertical Alignment: Gradient

Types of Grade: Minimum Gradient

*  Minimum Gradient

¢ Provided to facilitate longitudinal drainage in flat terrain

¢ Depends on
o Rainfall
o Type of soil

o Type of lining and other site conditions

¢ IRC recommendation: 0.5%

Minimum longitudinal gradients for longitudinal drainage purpose is 0.5%

Table 12.1 Recommended gradients

Source: NRS 2070

Source: NRRS 2071

elements

Gradient, %

Desirable minimam, %

Absalute minimum, %

Kerbed pavement )5

Side ditches lined 05

3 Design Standard District Road (Core Network) Village Road
Hill Terai Hill Terai
1 | Ruling gradient (%) 7 5* 7 5
2 |Limiting gradient (%) 10 6 10 (5}
3 | Exceptional gradient (%) 12 7 12 7
Limitation of maximum
4 |gradient length (m) above 300 - 300
average gradient of 7% |
Maximum recovery gradient |
5 (%) to be applied after gradi- 4 |
° | entin excess of 7% for a mini- = 4 %
mum recovery length of 150 m
6 Maximum gradient at bridge = a
approach (%) i 2 2 a
Minimum gradient on hill 0.5
roads (for better drainage) (%) (max1%) &

Source: NURS 2076

gn of Highway
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* Factors Governing Selection of Grades

2 Legend
<y 4, 1" Initia) Construction Costehicle
2,2 Vehicle Operating Cost/Vehicle
3' 3,3 Total System CostiVehicle

* Depends on many factors:

e Topography soil type, floor levels of surrounding developed areas especially with § .
: < s
reference to surface and sub-surface drainage, depth of water table 8 A
8
€
* Mandatory and obligatory points g
0
—1
* Tjpes and importance of highway design speed, characteristics of anticipated <t 4 Py ~L__
euéoov/ux 15&2:0\r/day Gradient

traffic ([
e Steep gradients for undulating country might reduce the earthwork and initial

construction cost but vehicle are required to be on low gears and will have

high operating cost.
* In determining the maximum grade for a particular road, the initial

construction cost must be weighed against the long term effect of vehicle

operation cost.

h Acharya | C of Highway

208

¢ Curve Resistance

*  When a vehicle moves on a horizontal curve, the rear wheels do not follow the direction of the front wheel.
* The decrease in the tractive force (T — T cosa) due to turning of vehicle on horizontal curve is called curve resistance.
* Inaddition, there is significant loss of tractive efforts in curves due to various reasons:

. . "
* Increased rolling resistance | Higher deformation
i

¢ Increased grade resistance '

. . i
e Increased air resistance '\\'
\_Lower deformation w=ex

b) Increased Grade Resistance
a) Increased Rolling Resistance

S C
Teosa
4N

C 7 \ D

~

/

A b——vq B

Higher Visibility Flatter Curve and Milder Grade along the Outer Path

Abhash Acharya | Geometric Design of Highway
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* Grade Compensation

* Deduction of grade at horizontal curves to compensate for the loss of tractive effort in curves.

* Little data available to specify the required amount of grade compensation at horizontal curves.

10.1.2 Grade Compensations

a. Maximum value of longitudinal gradient shall be eased by 0.5% for each rise of 500m above
mean sea level.

b. Due to loss of tractive efforts of the vehicle on curves it is recommended to ease the gradients
by an amount calculated as follows:

30+R
Grade compensation (%)= T 10-1

subject to a maximum of 75/R, where R-radius in m.

c. Itis not necessary to compensate grades below 4%.

Source: NRS 2070

Abhash Acharya | Geometric D n of Highway
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S .
* Grade Compensation: Numerical AN m ‘

The ruling gradient in a road is 5% or 1 in _%Q and the radius of the hotizontal curve is 100 m. Determine the
compensated gradient on the curve.

Crrede.  Comfenadion,
Pi"""’“"ghaa T\[VJQ Co/"‘(“"“"Q\C’T ?’64—_?\_"_ s '{’(d—bh_‘_ (S _(9s . Wmmy\ol TM

@ | 6B (cﬂ)lf—"" N N

Q““T“M‘“TBET A ot

(¢c0 — ~

o G5t

{V\O»AWV“‘NV\ 01’\/@&6
potop el qr—ie e

el oS
(/\M - g'( °
/
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* Grade Compensation: Numerical

The ruling gradient in a road is 5% or 1 in 20 and the radius of the horizontal curve is 100 m. Determine the
compensated gradient on the curve.

Radius of the curve = 100 m

30+R
R
— 30+100

100

Amount of grade compensation =

Amount of grade compensatic
Amount of grade compensation = 1.3 %

Maximum grade compensatic

Compensated gradient = 5 % — 0.75 %
ximum grade compensation = Compensated gradient = 4.25 %

ximum grade compensatic

ash Acharya | Geometric D n of Highway
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* Grade Compensation: Numerical

2

The ruling gradient in a road is 6% and the radius of the horizontal curve is 50 m. Determine the compensated
gradient on the curve.

- 6(-
W\?’“i/ .

o €I go- %
(=

/_/ ] (v{d"?/‘
_ Qorh  Qele RS Leed
G\t\ﬂ*@u CWJ[\;,-MM “ (Z—O?Z—- - lf-o,‘r: 5(‘) - °

LN
A

PR

CW“( 7\’1&02 Gt —\ ST
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* Grade Compensation: Numerical

The ruling gradient in a road is 6% and the radius of the horizontal curve is 50 m. Determine the compensated
gradient on the curve.

Radius of the curve = 50 m
ount of grade compensat

Amount of grade compensati
ount of grade compensat

Maximum grade compensati

Compensated gradient = 6 % — 1.5 %

Maximum grade compensat = Compensated gradient = 4.5 %

Maximum grade compensatio

of Highway
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*  Vertical Curves

*  When two different or contrary gradients meet, they are connected by a curve in vertical plane which is known as vertical curve.
¢ Provided to secure safety and adequate visibility together with comfort to the passengers.
* Types of Vertical Curves

¢ Summit/Crest Curve

N =n
¢ Vertical curve having convexity upwards
* Valley/Sag Curve il ey
¢ Vertical curve having concavity upwards or convexity downwards
*  Various forms of curve can be used: N= =) o
x‘ ‘/\/‘n g
¢ Circular i F5

¢ Parabolic (Quadratic, Cubic)
¢ Transition

¢ Circular and Transition

h Acharva | Geometric Design of Highway
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*  Vertical Curves

* Tendency to use parabolic curve:
* Ease in laying out.

* Ease in enabling the comfortable, transition from one grade to another.

h Acharya | C of Highway
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* Elements of Vertical Curves
N= |n1-(-n2) |

e L: Length of quadratic parabolic curve N= n1+n2

* ny ny: Two intersecting gradients

ni= starting gradient
n2= end gradient

VPC VPT

Start Point EndPoint

VPI= Vertical Point Of Intersection
VPC= Vertical Point Of Curvature
VPT= Vertical Point Of Tangency

L=curve length on horizonta

—_— s x

Abhash Acharya | Geometric Design of Highway
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* Elements of Vertical Curves

* Assumptions

¢ The curve is so flat that:

218

* Elements of Vertical Curves

General equation of quadratic parabola:
y=ax*+bx+c

Equation of parabola with origin at BVC:
y=ax?+bx

Slope at any point:
Y _2ax+b
dx

The rate of change of slope

d%y
dx?

= 2a = K (Constant) = Rate of change of gradient

219

e Length of curve = Length of chord = Length of horizontal projection

18/02/2023

L=curve length on horizontal

* For any value of n; and n, PVI bisects the curve in equal parts.

* Angle made by tangents to the horizontal are very small. So tangent of this angle is equal to the angle themselves (in radians).

* The curve is so flat that a portion of parabola in the curve may be substituted by a circular curve of radius R.

h Acharya | C

L=curve length on horizontal

Using boundary conditions:

dy
Forx=0,Z=n,- b =n,
dx

dy ny+n, N
Forx=1L, 2 =-n,» —n,=2al+n »a=—-"2""2=——
dx 2L 2L

N

So,a =—

2L

Equation of vertical curve (simple parabola):

N: =, 2 3 3
y=+tax? a= ST (+ for valley curve and — for summit curve)

Abhash Acharya | Geometric Design of Highway
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Elements of Vertical Curves

Highest or lowest point on the profile along the curve:

7 T~
Often necessary

to check or ensure that minimum sight distance or

*  to meet the drainage requirements

c . bol; s
For masimum or minimum point: Replacing the parabolic curve with circular curve
dy

dx=0 - 0=2ax+n,

S it ax? Nx? x2
ummit curve: y = — - __x
1MUY curv y oL R
2 2
o 2 _Na®_x
nL Valley curve: y = ax” = T
x= N from BVC
L _NR
Tangent length (T) = 3=

Length of curve (L) = 2T = NR

Apex distance (e) = :_l;

Highest or lowest point position X = n;R

220
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Vertical Curves: Numerical

Calculate the elements of vertical curve from the given data: Ascending grade = 5%, Descending grade = 2%, Radius,
R = 10000 m.

n, = (-

— 2
Y\?\f‘. 4+l [%g—cfm: - = om0}

v

= L N —— o o eI = BEen
T ™ —. 2

) =27T= g £gsev = TN

T Fe e LT

Abhash
221
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e Vertical Curves: Numerical

Calculate the elements of vertical curve from the given data: Ascending grade = 5%, Descending grade = 2%, Radius,
R = 10000 m.

Ascending grade (n1) = 5%
Descending grade (n2) = -2%

Deviation angle (N) = n1 —n2

Lscurve length on horizonts

Deviation angle (N) = 5—(-2) = 7% = .

NR _ 0.07+10000 _
2

> 0 m Replacing the pacabolic curve with cireular curve:

Tangent Length (T) =
. Nx?
LengT_h 5§ e (L) = 2T = 2%¥350 = 700 m Summit curve: ¥ = —ax© = — 2L =

_— 2_N
Valley curve: y = ax*® =

3502
" 2+10000 R Tangent lenpth (T) = "

: T2
Apex Distance (e) = P
Length of curve (L) — 2T — NR

Apex distance (e) = lk'

Highest or lowest point position X = m; R

of High
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* Design of Summit Curves
¢ Curve having convexity upwards

*  Provided with

Nng =0

a) An ascending gradient meets another ascending

gradient of lower value.
b) An ascending gradient meets a level gradient.
¢) An ascending gradient meets a descending gradient.
d) A descending gradient meets another descending

gradient of higher value.

Abhash Acharya | Geometric Design of Highway
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* Design of Valley Curve

e Curve having concavity upwards or convexity downwards.

* Provided when:

a) A descending gradient meets another descending

N=n1+ny (b)
(a)

gradient of lower value.

b) A descending gradient meets a level gradient.

¢) A descending gradient meets an ascending gradient.

d) An ascending gradient meets another ascending A i
N = (ng —nyq)

gradient of higher value.

(d)

h Acharya | C of Highway
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¢ Design of Summit Curves

* In summit curve, centrifugal force act upwards against gravity. So, pressure on tyre and springs is reduced and
there is less discomfort to the passengers.
*  Sight distance is the most important factor that guides the design of summit curve.
¢ Circular curve provides constant sight distance, so is considered as an ideal curve.
* In practice, simple parabolic curve is used as:
¢ For small deviation angle, length of curve is quite large and parabolic summit curve is identical to circular arc
between the tangential points.
* Easy calculation and good riding comfort.
* Transition curve is not provided for summit curve as:
* With introduction of transition curve, sight distance does not remain constant.

*  Summit curves have large radius and TC is not required.

Abhash Acharya | Geometric Design of Highway
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* Design of Summit Curves

* WhenL>S
N2

L = —0— — 7 — —

2 (VR + VRz)”

N:  Derviation angle

hy:  Height of daver's eye level
from the road sucface

h,:  Height of obstmction on
road

For S: SSD, hy=1.2m, h,=0.15

Ns2
44

L=

For S: OSD/ISD, hy=1.2m, ho=12m

_Ns?
~ 96

* WhenL<S

L 25 _ PR+ /7R)’
e N
For S: SSD, hy=1.2m, h,=0.15
L=2s-%2
N
For S: OSD/ISD, h;=1.2m, h,=1.2m

L=2S 96
TN

Abhash Acharya | Geometric Design of Highway
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¢ Design of Summit Curves

* WhenL>S

N:  Deviation angle

hy:  Height of driver's eve level
from the road sucface

h,:  Height of obstruction on
road

Va

-
'r' h] /

[a "Va
2

R
'}?2

- -

For S: SSD, hy=1.2m, h,=0.15

1 F— 2
— vV hi++Vh2 Ns?
Vva ) ( ) L= :
2L — —\ 2
v (\ hy +V h:] For S: OSD/ISD, hy=1.2m, ho=12m
N §? Ns®

- - L=—
2 (VA1 + vFz)’ o6

227
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* Design of Summit Curves
* WhenL<S
e P
Liga_o_f}hgm hy/ny 3 n—_‘ e ha/n
| ' “ii:;N
s — = —=
S
L L
o
>
@
s
e e -
NJhy
L h, R _ Vhy
=4 2 n =———
[hy+/F =, [
2, my (Vhi+yh2) L= 25 (J2hy+y2h;)°
For minima, So, N
L hy hy -
as _ Mmoo h S= >t NhL N For S: SSD, hy=1.2m, h,=0.15
an, — ng? (N-my)? Wi N maeihs
hy(N —ny)? = hony 2 _ o L=2s-%
1 1 21 _L n hy (VR +(h, h, (Vhy+\hy) N
Taking square roots on both sides 2 Nyhy N(Ry+yhe)=Nyhy For S: OSD/ISD, hy=1.2m, h,=1.2m
_ £ + \‘"h_l(v',h_1+\”h_z)+\",h_z(\"lm+\vlh_2)
Vi (N —ny) =yhyny T2 N
f— f—2
L /hy+/h.
ny(Vhy +hy) = NJhy ;+(“—‘2)

9.6
L=25-—
N

N

Abhash Acharya | Geometric Design of Highway

Vertical Curves: Numerical

SR

l./\\"-\ \AQ f\ﬂ\’\

road surface = 1.22 m. v -

Design a vertical curve for the following data: n1 = +2.5%, n2 = -1.2%. OSD = 245 m, height of dtiver’ eye from the
B Lb‘
[L>s] =21
Qo, . Ry
[\
R 2 S L <S
- P
2.0vfin AV

{.
2T oy

N = W\ "‘V\’L~

[’\\ =by o i ZW’L..
L

L o (—102)
o) ®
_ [- 2&@%/1& = A2~ }/.
./ ’ ' 3
Tt ) 2f vqs— (rrrazt st - 0w
-— (’/‘
- s 02
o 93 F ) W~ 0%
: ~g
Z(W{-@)(fﬁ/i ~ qab2um-
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Vertical Curves: Numerical

Design a vertical curve for the following data: nl = +2.5%, n2 = -1.2%. OSD = 245 m, height of drver’s eye from the

road surface = 1.22 m.

Considering L > S

h1=h2=12m

NS?

L= e
N=nl-n2

INE L & )
N =370% = 0.037
OSD=S=245m

L

L

L

_ NS?
" 2(Vhi+Vh2)?

0.037 * 2452

= 2(V122+/122)2
=227.60 m

ButL<S

angth on horizonts

Considering L. < §

e (AR ER)’
L=2S§— M

T («m;m)z

L = (2*%245) - >

L= 22630
L<S (OK)

(V2+1.22+/2+1.22)%

Abhash Acharya | Geometric Design of Highway

Design of Valley Curve

e Curve having concavity upwards or convexity downwards.

* Provided when:

a) A descending gradient meets another descending

gradient of lower value.

b) A descending gradient meets a level gradient.

¢) A descending gradient meets an ascending gradient.
g8 g8

d) An ascending gradient meets another ascending

gradient of higher value.

N
(@

(c)

N = —(ny +n9)

=ny+mny (b)

(d)

N = (ng—nq)

232
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* Design of Valley Curve
* Tactors affecting:
e Comfort condition: Centrifugal force acts downwards along with the weight
of the vehicle, so there is riding comfort.
 Safety condition for night driving: Visibility is reduced during night and

depends on headlight sight distance.

Abhash Acharya | Geometric Design of Highway
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* Design of Valley Curve

¢ A) For comfort condition: e A) For safety condition:
* When L>S When L<S
Length of valley curve:
ength of valley curve N2

Nv? m k= 2h, + 2Stana L=2S e
> = ———

L=2L.=2 % forving e N

] § = NS? L g L5 +0035S
L=038VNV?  for Vinkmph,c = 0.6m/sec? 1.5+ 0.0355 N

c - \: Deviation angle
c: Rate of change of N: Deviation angle

rifugal accelerati . .
centufugal acceleration h; : Height of headlight beam from road

R: Minimum radius of the

cun"e surface (0.75m)
v Design speed
t: time to travel length of

a: Headlight beam dispersion angle in
transition curve g

vertical plane in degrees
tical pl deg

S: Sight distance required

Abhash Acharya | Geometric Design of Highway
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* Design of Valley Curve

* A) For comfort condition:

* Determined based on the allowable rate of
change of centrifugal acceleration
(0.6m/sec?)

 For gradual introduction of centrifugal
force, ideal curve is transition curve. Two
similar transition curves of equal length
is provided.

e Cubic parabola is preferred as computation
of ordinates is easier. For setting out of

cubic parabola.
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Lowest pointat ~ x = L |=%
p : 2N

y = Bx3 2
y =bx® where b 3

L2

from BVC
2 2 c: Rate of change of
_®Y_®_ v_3 centrifugal acceleration
Tt LT ISR R: Minimum radius of the
v curve
l.= v? v: Design speed
S ¢R t: time to travel length of

transition curve [g

For cubic parabola:

l
R(atly) = Ns

v? Nv3 Nv?
I, = I_>152=T Sl = =

o

— LENGTH OF wALLEY CURVE, L
Y2 e Y/,

Length of valley curve:

R RN " 8 -
Nv3 m e I
L=2l,=2 |— for vin— k\jN
. e sec

for Vin kmph, ¢ = 0.6m/sec?

L = 0.38VNV3
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¢ Design of Valley Curve
¢ B) For safety condition:
¢ The driver should have adequate headlight sight
distance equal to SSD at any point on the
curve.
. CASEI: When L > S
N: Deviation angle
hy : Height of headlight beam from road
surface (0.75m)
a: Headlight beam dispersion angle in
vertical plane in degrees

S: Sight distance required

236

For simple parabolic curve:

y = ax?, a =£
2L
hy +Stana = aS? =N—Sz
! 2L
NS?
b= 2h; + 2Stana
Ns?
L=T570035s
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* Design of Valley Curve

* B) For safety condition:
* The driver should have adequate headlight
sight distance equal to SSD at any point on the

curve. L
hy +Stana = (S_E)N

. CASE II: When L. < §
2h; +2Stana

N: Deviation angle L=2S— %
h; : Height of headlight beam from road L—25— 1.5+0.0358
N

surface (0.75m)

a: Headlight beam dispersion angle in

vertical plane in degrees

S: Sight distance required

Abhash Acharya | Geometric Design of Highway
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e Vertical Curves: Numerical

A valley curve is formed by a descending grade of 1 in 25 meeting an ascending grade of 1 in 30. Design the length of
valley curve to fulfil both comfort condition and headlight sight distance requirements for a design speed of 80 kmph.
Assume allowable rate of change of centrifugal acceleration C = 0.6 m/sec?.

N= Ny = - I, - - 0.6%37 V = 8olerpta tgo&g:wmm?w

% % 18
L 7
Leo [ - zdmm&'zm]czﬁ»*@“% +2o
= o4 -
s
Sogepy Cotr L. N

E R —
|<¢ } 0r0Ex S

HID= S8D - N B [Zg‘gel
3§D~ O-qu\}{,"“i__z (M‘ & o-of:}—?z'x

ek Corc2ER 2869

@Szp@ |
< .
196121 w > 12¢60C

o o

<o .
- 01X KoK 2 m
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e Vertical Curves: Numerical

A valley curve is formed by a descending grade of 1 in 25 meeting an ascending grade of 1 in 30. Design the length of
valley curve to fulfil both comfort condition and headlight sight distance requirements for a design speed of 80 kmph.
Assume allowable rate of change of centrifugal acceleration C = 0.6 m/sec?

nl =-1/25 Length of curve for comfort
n2 = +1/30 o

o condition:
V=30 kmph Nv3 Length of valley curve:

;_ 5 _ = -
V =80 % % =22.22 m/secs L=2 / C ,p v
N=nl-n2 0.0733 %22.223 L=038/NV3 forVinkmph,c = 0.6m/sec®

=1 1 -_11 L=2 [—/——
N—-E % i 0.60 Lo NS
C = 0,60 m/sec? L=7310m 1.5 + 0.0355

. . . Accepting higher value of

Length for head light sight dist: : : oo

Hesrg _ ;)SrDea 1ght sight distance ASSUmIE%ZL > SSD length of valley curve, we have,
v? — 154100355
SSD = 0.278 Ve + 5 b 055 602 Length of valley curve = 210m
_80% I, = 1.5+0.035 +125.60
SSD = 0.278*80*2.50 + 354036 [, = 121943
_ == ©7 589

SSD = 55.60 +70 I = 206.82 m > SSD (Assumption is correct)
SSD = 125.60 m
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The highest point on the summit curve is at a distance . X2
Tangent Correction = —

2R
L .
% from the tangent point on the first grade n;.
ion = 91292 >
Tangent Correction 200L

The lowest point on the valley curve is to be located
for providing the cross drainage facility.

The lowest point on the valley curve will be on the
bisector of the angle between the grades, if the
gradients on either side are equal.

When the gradients are not equal, the lowest point lies

on the side of flatter grade, and this point is at a

distance X, =L ’Z—It] from the tangent point of the first

grade n;.
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e Vertical Curves: Numerical

A 2% gradient meets a -0.25% gradient at a chainage of 1085 m and at the reduced level of 76.55 m if the sight
distance be 304.80m, determine the length of _the vertical rm;?_and the reduced levels of the tangents points and the
highest point on the curve. Assume that the eye level of the driver eye is 1.143 m and the height of the obstruction is
0.10 m.— -

Q- R04& R0, N = W~
- 09— (ooaglc 22S T

g 022

L>S-
7= NS’l.

20+ )

Wiz 12

W o o[
— b’L,
O\OQ'L()( P0Y~§
— P
2124 Joia)

> Teqon
= gqqu~m> QMM'L}VV"\'E G e,(.‘),

6 L& — o«olﬂ.l?’l‘?a'
..

< VoA

L2

S{w—_ﬂi\»"} Lve
= 56— °
= Arr
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e Vertical Curves: Numerical

A 2% gradient meets a -0.25% gradient at a chainage of 1085 m and at the reduced level of 76.55 m if the sight
distance be 304.80m, determine the length of the vertical curve and the reduced levels of the tangents points and the
highest point on the curve. Assume that the eye level of the driver eye is 1.143 m and the height of the obstruction is

0.10 m.
VT
Distoce o logok pord ure BVCE 1 5 L o guopSUND: f
N 0:0225. auc

= g e

(D‘&,L/\WVGL (»11»4* (f\?vw Eve = §’\«§’~L(K‘4'°‘d: YRA-of \Mv-ﬂ.
€t =

fo 1Dz ot V=
FE

29~
N _ -QOMXC?‘{}Q v
Mt/@v% p"f‘“% A': ?6 ss ©

ol — o8 M.
P

. _ 4- .
2 mZ o 0} {m

Tt Comseen® — T
2R N

.
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A 2% gradient meets a -0.25% gradient at a chainage of 1085 m and at the reduced level of 76.55 m if the sight
distance be 304.80m, determine the length of the vertical curve and the reduced levels of the tangents points and the
highest point on the curve. Assume that the eye level of the drver eye is 1.143 m and the height of the obstruction is
0.10 m.

Elevation at the beginning of vertical curve = Elevation of PVI —nl*T
Elevation of BVC = 76.55 —0.02 * 272.50 = 71.10 m

h1=1143m h2=010m
Considering L > S

_ Ns?

- 2(\"H+\"’H)3
N=nl-n2
N=20-(-025=225%
N =0.0225
SSD =S =30480m

NS2
L= S hivmaye
_ 00225+ 304.802
- 2(v1.143+/0.10)2

Elevation at the end of vertical curve = Elevation of PVI — n2+T
=76.55 —0.0025 * 272.50= 75.87 m

Distance of highest point from the BVC = nl '%

Distance of highest point from BVC = 0.02* %

Distance of highest point from BVC = 48444 m

o
BVC — T nj‘nA

Distance of highest point from EVC (x) = 545 - 484.44
Distance of highest point from EVC (x) = 60.56 m

Uscurva length on horizonts

=545m Elevation at the corresponding point on tangent line

= 76.55 - (0.0025) * (272.50 — 60.56) = 76.01 m

L
Tangent Length T = s==

. _ X _ 6056 _ 6056 _ - Elevation of highest point of the curve
T=27250m Tangent correction = s 2L = Tﬁ =-00785m = 7601 — 00785
=7593m
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Design Speed (Kmph) Maximum grade chal)ge Minimum length <ﬂ
e (%) not requiring a vertical | vertical curve (m)
£ curve
} b Up to 35 1.5 15
s 40 1.2 20
50 10 30 |
Source: NRRS 2071
0
' ) ’ Algebraic :lﬂeren:e of ]sondes,A(%)n i "
£l CeC e CUtEs Design Maximum Grade Change (%) \[lmmum L“"%’,“
Speed not requiring a Vertical Curve of Vertical Curve
Source: NRS 2070 km/h (m)
10 18 10
20 1.6 12
30 15 15
40 1.2 25
50 1.0 30

Source: NURS 2076
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Geometric Design of Highway

Thank You!

- Abhash Acharya

M.Sc. In Transportation Engineering

acharyaabhash@gmail.com

www.abhashacharya.com.np
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