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Dcc_k:s' of small cross dr;:inage structures (culverts and minor bridges) should follow the same profile as the
flanking road section without any break in the grade line.

p 3§ I .Gradicnt : The rate of rise or fall with respect to the horizontal along the length ot ¥oni
expressed as ratio or a percentage is termed as the “gradient”, Gradient should be carefully sclected keeping in

vi.ew the design speed and terrain. Various levels of gradients which are generally adopted for roads arc as
given below:

(a) Ruling gradient: It is a gradient, which in the normal course must never be exceeded in any part of road.

(b) Limiting gradient: It is a gradient stecper than the ruling gradient, which may be used. in restricted lengths where keeping
-~ within the ruling gradient is not feasible.

(c) Exceptional gradient: [t is a gradient stecper than the limiting gradient, which may be used in short stretches only in

extraordinary situation.

Gradient upto the ‘ruling gradient’ may be used as a normal course in design. The ‘limiting gradients’
may be used where the topography of a place compels this or where the adoplion of gentler gradients would
involve additional cost. In such case also, the length of continuous grades stecper than the ruling gradients
should be as short as possible.

‘Exceptional gradients’ are meant to be adopted only in very difficult situations and for short length not
exceeding 100 m at a stretch. In mountainous and steep terrain, successive stretches of exceptional gradients
must be separated by a minimum length of 100 m having gentler gradients. Recommended gradient for different
classes of terrain except at hair-pin bends are given in Table 2.19. The rise n elevation over a2 km length shall
not exceed 100 m in mountainous terrain and 120 m in steep terrain. In hilly terrain, gradient should be such
that it can be negotiated with the least change of gears by heavier vehicles to save time and operation cost.

Tasce 2,19, Recosmespen GrapenTs sur Disserent Terrais CoNminioss

Terrain Ruling - Limiting Exceptional
Gradient Cradient Gradient

Plain and rolling . 3.3 Per cent 5 Percent 6 Per cent
(Iin30) {1 in 20) {1 6.7}

Mountainous terrain and 5 Percent 6 Per cent 7 Per cent

steep terrain having clevation {lin20) {1in16.7) (1in14.3)

more than 3,000 m above the '

mean sea level ;

Steep terrain having G Per cent’ 7 Percomt 8 Per cent

clevation more than 3000 m {lin 167} {1 14.3) (1in 2.5}

above the mean sca level

In the plain area, as the road is used by slow moving bullock carts and motor vehicles. gradient adopied
should be such that it will not have adverse effect on bullock cart trafTic.

2.11.2. Grade compensation at curves : At horizontal curves. the gradients should be cased by an
amount known as the *Grade Compensation’ which is intended to offset the requirement of extra tractive ¢[for
at curves. This may be calculated from the following formuia:

Grade compensation (per cent) = (30 + R) /R

Subject 0 a maximum of 75/R, where R 1s radins of the curve in meters.

" Since grade compensation is not necessary for gradients flatter than 4 per cent, while compensation of
the grady they need not be cased beyond 4 per cent.
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6.9 Vertical Alignment i
6.9.1 General

6.9.1.1  Broken-back grade lines, i.e. two vertical curves in the same direction Separate by
a short tangent, shall be avoided due to poor appearance, and preferably replaced by a singe

curve,

6.9.1.2  Decks of small cross-drainage structures (i.e. culverts and minor bridges) shall oy,
the same profile as the flanking road section, with no break in the grade line.

6.9.1.3 Recommended gradients fqr different terrain conditions, except at hair-pin bends,
given in Table 6.12.

Table 6.12 Recommended Gradients for Different Terrain Conditions

Classification of Mountainous Terrain and Steep Steep terrain up to 3000 m |
Gradient ITerrain more than 3000 m above MSL height above MSL
Ruling Gradient 5% (1 in 20.0) 6% (1in 16.7)
Limiting Gradient 6% (1in 16.7) . 7% (1in 14.3)
Exceptional 7% (11in 14.3) 8% (1in 12.5)

6.9.1.4  Gradients up to the ‘ruling gradient’ may be used as a matter of course in design.

6.9.1.5  The ‘limiting gradients’ may be used where the topography of a place compels this
course or where the adoption of gentler gradients would add enormously to the cost. In such
cases, the length of continuous grade steeper than the ruling gradient shall be as short &
possible.

6.9.1.6  ‘Exceptional gradients’ are meant to be adopted only in very difficult situations and for
short lengths not exceeding 100 m at a stretch. Successive stretches of exceptional gradients
must be separated by a minimum length of 100 m having gentler/flatter gradient.

6.9.1.7  The cumulative rise/fall in elevation over 2 km length shall not exceed 100 M in
mountainous terrain and 120 m in steep terrain.

6.9.1.8  Escape lane: Where long, continuous descending grades exist or where topograPli®
and location controls require such grades on new alignment for g length of 2 kms of more.
the design and construction of an emergency escape ramp at an appropriate location Witf 2"
interval of about 2 kms is desirable for the purpose of slowing and stopping an out-of-con"
vehicle away from the main traffic stream. These lanes may be useful in bringing the vehicle a4
halt in case of emergency due to brake failure. The lanes are constructed with reverse gradie” :
to provide deceleration of vehicles with arrester bed suitably focated. Specific guidelines for thIt
design of escape lanes are lacking at thisr time. However, guiding principle for design and layo

of escape lane as per AASHTO practice is appended (Appendix-3),
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6.9.1. General

6.9.1.1.  Broken-back grade lines, |
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6.9.1.2.  Decks of small cross-drain
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6.9.1.3. Recommended gradients for dif
Table 6.11. ferent terraln conditions, 9_309!31 at hair-pin bends, are given in

Table 6.1_1. Recommended Gradients for Different Terrain Conditions

g*rzzsig:iamﬂ of Mountainous terrain Steep ferrain upto
and steep terrain more 3000 m height
: than 3000 m above MSL above MSL
Ruling Gradient 5% (1 in 20.0) 6% (1in 16.7)
Limiting Gradient 6% (1in16.7) 7% (1 in 14.3)
Exceptional 7% (1in14.3) 8% (1 in 12.5)
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6.9.14. Gradients upto the 'ruling gradient’ may be used as a matter of course in design.

6.9.1.5.  The ‘limiting gradients’ may be used where the topography of a place compels this course or
where the adoption of gentler gradients would add enormously to the cost..In such cases, the length of

continuous grade steeper than the ruling gradient should be as short as possible.

eant to be adopted cnly in very difficult situations and for short

6.9.1.6. ‘Exceptional gradients’ are m
Successive stretches of exceptional gradients must be separated

lengths not exceeding 100 m at a stretch.
by a minimum length of 100 m having gentler/flatter gradient.

‘elevation o\}er 2 Km length shall not exceed 100 m in mountainous

6.9.1.7. The cumulative rise/fali in
terrain and 120 m in steep terrain.

6.9.2, Grade compensation at curves
namountknownas ‘grade compensation’

hould be eased by a
rves. This is calculated by the following

6.9.2.1. Athorizontal curves,the gradients s
ffort Involved at cu

which is intended to offset the extra tractive e

formula.
30+R

Grade compensation (per cent) = -—a"—"""SUbiBCt to

s not necessary for

urve In metres. Since grade compensation i
dients need not be

maximum of 75/R where R Is radius of the © { ‘ ‘
gradients flatter than 4 per cent, when applying grade compensation corraction, the gra

eased beyond 4 per cent.
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