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. ) rofile as the
Decks of small cross drainage structures (culverts and minor bridges) should follow the same p
Nanking road section without any break in the grade line.

: f road
2.11.1.  Gradient : The rate of rise or fall with respect to the horizontal ::lolr;g ‘hle::(ﬁc}:::ping o
expressed as ratio or a percentage is termed as the “gradient™. Gradient should be carefully scle

i : : . ds arc as
view the design speed and terrain. Various levels of gradients which are generally adopted for roa
given below:

i ad.
(3) Ruling gradient: It is a gradient, which in the normal course must ncver be cxcceded in any part of ro

. B i there keeping
(b) Limkting gradient: It is a gradicnt sieeper than the ruling gradicrs, which may be used, in restricted lengths where kecping
within the ruling gradient is not feasible.

) . . ; only in
{c) Exceptional gradient: {1 is a gradient steeper than the limiting gradient. which may be used in short stretches only
extroondinary situation.

Gradient upto the ‘ruling gradient” may be used as anormal course in design. The “limiting gradients

may be used where the topography of 2 place compels this or where the adoption'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 gradienis® are meant 1o be:adopted only in very difficult situations and for s'hort lcngtt'\ not
exceeding 100 m at a stretch.In mountainous and stéep termain, suceessive stretches of .cxcep_uonal grfxdlenls
must be separated by a minimum length of 100 m having gentler gradients. R‘ccqmm‘cndcd gradient for different
classes of terrain except at hair-pin bendsare given in Table 2.19. The rige:ip_:{e\_va_t.:pn.overlg;:.’.‘km length shall
not exceed 100 m in mountainous terrin and 120 m in stecp 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.

TasLe 2.19. Recounespen Gravients sor DusEReNT Terraty CasiiTions

Termin ‘Ruling Limiting Exceptional
Gradient Gradient _Gradlent

Plain and rolting 3.3 Percent 5 Per cont G com
1 in 30K (1in20) (Lin 16.7)

Mountainous ferrain and 5 Por cent 6 Percant S

sicep 1errain having clevation (Lia20), . - Ain167) iy

more than 3,000 m above the .

mean sca level - _

i i Per cent Per cent 8P

Stecp terrain having 6 Per cer - —

clcvzn'on more than 3300 m (Lin 167} (i 14.3) A

obove the mean sca level

[n the plain arca. as the road is used by slow moving bullock carts and motor vehicles,

gradient adopted

should be such that it will not have adverse effect on bullock cart traffic.

2.11.2. Grade cnmpensatlon at curves : Al horizontal curves. the

amount known as the -Grade Compensation” whichis intended to offset the
a1 curves. This may be calculated from the following (ormuia;

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

gradicnts should be cased by an
requirement of extra tractive ¢ (fon

Subjeet t0 o mInIMUM of 75/R, where R 1s radius of the curve in meters.

Since grade compensation 1S not necessary for gradients Nau

cr than 4 pe
the grady they need not be cased beyond 4 percent, nape

4]

rcent, while compensation of

-
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8 Offset
S.9 Vertical Alignment
8.8.1 General

same direction soparatgy ),
8.8.17  Broken-back grade lines, l.e. two vertical curves In the san hy

forably raplaced by a sin,
& short tangent, shall be avoided due to poor appaarance, and pro y e
curve.

idges) shall (ol
8.8.1.2  Decks of small cross-drainage structures (i.e. C“Wents nn:jﬂg;lr};r:rldgo ) shall (ot
the same profile as the flanking road saction, with no break in the g

-pin bends
8.9.1.3 Recommended gradients for different terrain conditions, excopt at hair-p 8, ore
given in Table 6.12.

ns
Table 6.12 Recommended Gradients for Different Terrain Conditio

| Classification of|  Mountainous Terraln and Steep Steep terrain up to 3000 m

| Gradient Terrain more than 3000 m above MSL helght above MSL
%Ru!ing Gradient 5% (1in200) ‘ 6% (1In16.7)
er":'*;_: Gradient | 6% (1in 18.7) 7% (1in 14.3)
Exceplional 7% (1in 14.3) 8% (1in 12.5) ,

[8)]

S.1.4  Gradients up to the ‘ruling gradient' may be used as a matter of course in dasign.

6.9.1.5  The ‘limiting gradients’ may be used where the topography of a place compels this
cr-;:.;rse or where the adoption of gentler gradients would atdd enormously to the cost. In such
cases, the length of continuous grade steeper than the ruling gradient shall be as short a5
possible.

¢.1.6 ‘Exceptional gradients’are meantto be ado
; 'n.lengths not exceeding 100 m at a stretch. Su
m:sl be separated by a minimum length of 100 m h

Pted only in very difficult situations and for

ceessive stratchas of exceptional gradients
aving gentler/flatter gradiant.
69.1.7 The cumulative rise/fall in elevation over 2

km lenqt
ountzinous terrain and 120 m in steep terrain. 9th shall not exceed 100 m in
m

4.8 Escape lans: Where long, continuous desce
6.9& |'ocati0n controls require such grades on new all
an

; a length of 2 k more
. nd construction of an emergency escape ram gth o ms or ! .

the :,:j'g? aabou! 2 kms is desirable for the purposg of <. ot

inte

ffic st Th f slowin A% appropriate location with aﬂ‘
ain traffic stream, Theg sto
vehicle away from mz:‘cy due to brake failure. 'l?hlj?:s Y be usefy, in pzlng: an out-ol-c onffl%
Jlt in case of emerg of vehicles with arrester s are o ruct nding the vehiciss
(5 provide dece!el;aﬂgf; are lacking at this time :\3 Sultably locqte Sed With reverse gradionts
e §an . OWever, - Spe he
design °Liﬁpas per AASHTO practice is appe " Quidin Pecific guidelines fort
of escap

Nded (Appendiggr)inmp'e for design and layou!
36 '

Xist hic
gnNment for or where topograp
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Vertical Alignment
6.9.1, General
6.8.1.
t: le:“ Broken-back grada nas, Le. two varical curves In tho same dlrection separated by & short
"N, should be aveided dus to poor appearance, and preforably roplacad by a slagle curve.
6.9.1.2

. Decks of small cross-dralnaga structures (L. culvarts and minor bridges) ahould follow tha samea
as the flanking road ssction, With no break in the grade lina.

?:S:ésé | Tesommended graciants fordffrent taraln congilons, axcept at halrpin bands, are given in

Table 6.11. Recommended Gradients for Different Terraln Conditions

Classification of Mountalnous terrain Steep terrain upto
Gradient and steep torrsin more 5000 m helght
than 3000 m above MSL above MSL
Ruling Gradian! SR IR0 ¢ 6% (1 In 16.7)
Limiting Gradbent 8% (1 N 18.7) 7% (1 in 1403)

Exceptionat T% (1 n14.9) - 8% (1 in12.5)

-,

6.9.1.4. Gradients upto the tuling gradient may be used as a matter of courss In deslgn.

£.9.1.5. The fimiting gradients’ may be used where tha topography of & place compels this course or
where the adoption of gentier gradients would add enomously to the cost..In such cases, tha length of
continuous grade steeper than the nuling gradient should be ss shert as possibla

6.9.1.6. ‘Exceptional gradients’ ars msant to be adopted cnly in very difficult sttuations and for short
lengths not exceeding 100 mata stretch. Successive strstchas of exceptional gradlents must be separated
by & minimum length ¢f 100 m having gantlertiatier gradient.

69.1.7. The cunw!a!iverise/_iaﬁ in‘elevation over 2 Km \eﬁgih shall not exceed 100 m in mountainous
{errain and 120 m in steep temain.

6.9.2. Grade compensation at curves

horizontal curves, the gradients should b eased by anamo .
so21. Al tal y untknownas ‘grads compansation®
which is intended to offset the extra tractive effort Involved at curves. This is calculated by the tcr:lloa\t:io:g

formuia.
S0+R

Grade compensation (per cen) = sudject to

. here R Is radius of the curve in metres, S

mum of 7SR W - Since grade

gients flatter than 4 per cent. when applying grade compansation wm‘“‘\"@l nsation is not necessary for
Sased beyond 4 percent on, the gradients need noy b

43




