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GUIDELINES FOR THE DESIGN OF FLEXIBLE PAVEMENTS
FOR LOW VOLUME RURAL ROADS

1.1 This document is revisian

~lexible Pavements for
J=sign charts using stabi

1 INTRODUCTION

Low Volume Roads'. The need for
lized base and sub — hase Courses g

of the IRC:SP;72-2007 "‘Guidelines for the Design of

the revision arose to include
5 also to enable design of rural

"2ads for traffic volume upto 2 MSA, Accordingly, a sub group consisting of Or, LK. Pateriya,

Jr Sudhakar Reddy, Dr. UC Sahoo

~=vised guidelines which wa

<anuary, 2015 at Bhubaneswar. Counc
ncorporating suggestions before

and Shr 5.C. Sharma was constituted to consider the

before the Rural Roads Committee {H-5) in its meeting
e modified draft was approved. Thereafter, tha modified

Highways Specifications & standards Committee (HSS) in its
Teeling held on 16® January, 2015. The HSS Committee approved the medified draft of

s then put up before the IRC Couneil

in its meeting held on 20"

Il authorized the Convener of H-5 Committee for
publication of the revisaed guidelines as suggested by the

Council,
1.1 The personnel of Rural Roads Committee (H-5) are as follows -
Gupta, D.P. ==  Convenor
Jain, N.S. == Co-Convenor
Director (Projects-1), NRRDA, e Member-Secretary
(Solanki, N.C.)
Members
Banerjee, A K. Kumar, Dr. Praveen
Bongirwar, P.L. Kumar, Dr. Ashok
Dushaka, Vanlal Parameswaran, Dr. (Mrs.) Lakshmy

Franco, Colin A,

Pateriya, Dr. LK.

Gaoswami, Diganta Raju, Dr. G.V.S,
Gupta, Mukesh C, Sagne, AA,
Gupta, S.K. Sarkar, Prof. ALK,
Jain, Dr, M.C, Satish, J.

Jain, Dr. PK, Sharma, S.C.
Kadiyali, Dr. L.R. Singhvi, S.5.
Kaira, B.B, Sun, M.M.
Kapaley, A.D. Tongden, C.P.

Katare, PK.
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1.2 Pre-requisites for Suitable and Economical Designs

There are 3 number of important points to be considered while evolving suitable and
economical designs for the low-volume rural roads in India, First and foremost is the aspect
aof practical implementability of the recommended designs within the available resources
and level of expertise in rural areas, availability of equipment/plant for construction and
maintenance as well as the level of quality control that can be effectively exercised in rural
areas. To the extent possible, the use of locally available materials as such or after suitable
processing has to be maximized in the larger interest of economy. The design life to be
taken for purposes of pavement design should neither be too short to require expensive
upgradation/rehabilitation at close intervals nor should it be so long as to require prohibitively
high cost of initial construction. Ideally, maintenance considerations should be built into the
design e.g. provision of adequate drainage, resistance to soil erosion along side slopes,
adequate lateral support from shoulders etc. as would minimize subsequent maintenance
requirements. Lastly, the designs should aim at providing the level of serviceability which
should not fall below the minimum acceptable level during the design life, essentially
amounting to evolving performance-based designs. All these important considerations and
international experiences have to be kept in view while working out suitable and economical
pavement designs for rural roads.

1.3 Earlier Design Approach (IRC:3P: 20-200£)

1.3.1 In the first edition of IRC:SP:20-2002, Rural Roads Manual (Ref. 1), the traffic
parameter for pavement design is evaluated in terms of commercial vehicles perday, grouping
together the heavy commercial vehicles like trucks, full-sized buses etc. with the much lighter
commercial vehicles like tractorsitractor-trailers, pick-up vans, mini buses, tempos etc. The
parcentage of laden, uniaden and overloaded commercial vehicles has not been considered

in the traffic parameter.
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1.3.2  The subgrade strangth parameter is evaluated in terms of 4-day soaked CBR valuas

=xcept in areas with annual rainfall less than 300 mm and where the water table is 'too
deap’,

1.3.3 A set of pavement design curves A, B, C and D for traffic categories 0-15, 15-45,
+3-150 and 150-450 CVPD have heen provided as also design catalogues with minimum
532 course thickness of 150 mm for curves & and B and a minimum base course thickness
of 225 mm for curves C and D. The sub-base course thicknesses have bean arrived at

2y subtracting the minimum base course thickness from the Iotal pavement thickness
“=gquirement, obtained from the pavemeant design curves

1.3.4  In regard to the type of surfacing, all rural roads, except those (i} in an arid region
“ihannual rainfall less than 500 mm and traffic upto 150 motorized vehicles per day (except
o= wheelers) and (i) in a region with annual rainfall less than 1000 mm and traffic upto
=0 motorized vehicles par day (except two-wheelers) only, need to be provided with a
-ruminous surface treatment. The design of Unsealed Gravel Roads does not receive a
-=harate treatment in IRC:SP:20-2002 (Ref 1). As a resull, practically all rural roads baing
-=nstructed in the country are black-topped,

3 Existing Design Approach (IRC:SP:72- 2007)

"2.1  For purposes of pavement structural design in this Design Manual, the low volume
“wral roads are divided into the following categaories:

Gravel/Aggregate-surfaced roads (Unpaved Roads);
Flexible Pavements {Paved Roads); and
Kigid Pavements

142 T'hn:-:-Infernaliunalexperiem:as.fﬂrmepastﬁever‘al decades, with Gravel Roads notably

~ 1= USA (Ref 2) show that the 'maximum traffic level upto 100,000 Equivalent Standard Axle
>2d (EBAL) applications can ba considered for Gravel Roads, while the practical minimum
=+=! [during a single performance period) is 10,000'. Below ESAL applications of 10,000,

=v=n Earth Roads are suitable.

i I

«=! = defined as a mix of stone, sand and fine-sizad particles used as a sub-base, haze

.

- =-racing on a road, the material specifications for usa in these layers being available
~2uses 401 and 402 of the MORD Specifications for Rural Roads. When the required

=~=3alion of gravel is not available in g natural form, the blending of naturally occurring
“=i=nals in the requirad proportions may be resorted to.

=3  For low volume rural roads, still camrying a sizable volume of truck and bus traffic,

= maximum number of ESAL applications considered for flexible or rigid pavement is upto

on ESAL applications (Ref 2). The practical minimum traffic level for a flexible or rigid

-=+=mant is about 50,000 ESAL applications during a single performance pariod (Ref 2).

4 The pavement designs presented in the Manual for both, Gravel and Flexible
=ments (the rigid pavement designs are dealt with separately) are performance-hased,

==wing an the extensive experiences in the USA on Low Violume Road Design, as brought

3
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oul in the AASHTO Guide for Design of Pavement Structures (Ref 2). The Serviceability
rating system from 5 to 1 as per tha PMGSY Operations Manual 2005 (in terms of Present
Serviceability/Condition Index) (Ref 3) has been adopted. For the low volume rural roads
in India, a 'Terminal Serviceability Index’ (i.e. the lowest index that will be tolerated before
rehabilitation /strengthening or reconstruction becomes necessary) of 2.0 is considerad
suitable.

The thickness of gravel/aggregate-surface roads (unpaved roads) has been based on the

following criteria;

i) The serviceability loss over the design life is limited to 2.0, taking the initial serviceability
index to be 4.0 just before apening the road to traffic, and the terminal serviceability
of 2.0 when rehabilitation will be due, with or without provision of an overlay,

i) The allowable depth of rutting under 3msiraight edge does not generally excead 50 mm.

The thickness of flexible pavements (paved roads) has been based on the Structural Number
[SN) recommended by AASHTO for low volume roads for those of the US climatic Zones
which represent the climatic conditions of aur country, for a 50% reliability lavel.

145 The design traffic parameter has been expressed in terms of the cumulative
40 kN (8.16 tonnes) ESAL applications during the design life. Seasonal variations by way of
enhanced traffic during the harvesting seasons have also been considered.

146 For the evaluation of subgrade strength for new roads, the salection of moisture
content has bean dealt with scientifically instead of always insisting on 4-day soaked CBR
values. For the rehabilitation or upgradation of existing rural roads, the use of Dynamic Cone
Fenstrometer (DCP) (mm/blow) has also been recommended for insitu subgrade strength
evaluation.

1.5 Salient Features of Existing Designs

Seme of the more important features of the existing designs are as under:

. Pavement designs for new roads as well as for the upgradation/rehabilitation of
existing roads have heen included.

. The recommended designs aim at maximizing the use of locally available materials
including industrial waste (where possible)

. A simple procedure has been detailed for carrying out traffic counts, computing the
ADT and the number of ESAL applications during the design life, selected as 10
vears.

. Categorizing the subgrade strength In 5 classes and classifying the traffic into 7

ranges has simplified the presentation of design catalogues for both gravel roads
and flexible pavements.

. The warrants for providing a biturminous surface treatment have been spelt out.
. The importance of monitoring the long-term performance of rural roads constructed
with the recommended designs, by way of periodically camying out condition surveys

4
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cannot be overemphasized. Systematic condition surveys should be carried out at
regular intervals and data recorded on specified format.,

Additions in Revised Guidelines (IRC:5P:T72-2015)

8.1 Considering the growth of traffic on selected rural through routes and the modifications

RCI37-2012 (with minimum traffic of 2 MSA for design), it has become necessary to
-lude design charts for traffic more than 1 MSA and upto 2 MSA. Accordingly, two more
=ffic categories T3| and T_ have been included in the design catalogue

1.8.2  The existing IRC:SP:72-2007 recommended a minimurm thickness of 150 mm soil
—=ment base and 100 mm soil cement sub-base for all rural roads. However, the dasign

-72n considering the strength of sub-grade and the design traffic was not avallable in these

=~ d=lines. The revised guidelines provide a design catalogue for cement stabilized base and

%

=-o-Uase courses on the basis of traffic and sub-grade strength.

6.3 Ithas been clearly brought out that all rural roads should be designed for a minimum

=uo-grade CBR of 5% (atieast fair).

L]

5.4 Wherever sfabilized base and sub-base courses are proposed to be used, the

~=vemenlts shall be provided with a bituminous surface treatment.

L o
—t ke

Prarequisites for Successful Performance of Gravel Roads

5 r

‘21 the World, properly designed Gravel Roads have performed well, if due attention
en pad to the needed processing of gravels before use. adequate drainage has

=7 pravided and timely maintenance measuras have been laken. In several countries, the

~aved road length is more than the paved road length, In India, however. the un paved road

=

=721 constitutes less than half the total road length. While in most countries abroad. among

= unpaved roads, it is the gravel roads, which are most popular, the unpaved roads in India
== generally Water Bound Macadam Surfaced. Of-late, with the World Bank assistance
© =ome rural areas of India, Gravel Roads showing good performance even after about 5

=rz of service have developed the confidence of rural road engineers in the couniry, Indian

=03 Congress has also brought out “Manual for Design, Construction and Maintenance of

‘&l Roads”, IRC:SP:77-2008 (Ref. 20). Where conditions for Gravel Roads are however,
coropriate, other suitable pavement, composition can be adopted.

=

2 THE DESIGMN PROCESS
#arking out, suitable and economical pavement. designs for the low volume, rural roads,

e

i B

=7 procedures have been set forth for (a) new roads and for {b) upgradation/rehabilitation

=usting roads, These procedures are outlined below:

New Roads

£ stimation of Traffic

='= noroad is existing at present, the estimation of the amount of traffic over the design
-=nnot be made directly on the basis of traffic counts. In such cases, it would be most

5
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expedient to carry out traffic counts on an existing road, preferably in the vicinity with similar
tonditions. Based on such traffic counts on an existing road catering to a known population
and known amount of agricultural/industrial produce, the amount of traffic expected to ply on
the new proposed road can be suitably worked out.

The detailed procedure far estimating design traffic is described in Para 3.

21.2  Assessment of Subgrade Strength

It Is necessary to scientifically carry out a sail survey and test the representative samples for
standard IS classification tests, compaction lests and CBR, The depth of Ground Water Table
(GWT) and its fluctuations, annual rainfall, and other environmental conditions that influence
the subgrade strength must be investigated. During the soll survey, it must be ensured that
even if the same soll type confinues, atleast 3 samples must be collected per kilometre
length, for simple soll classification tests based on particle size distribution and Atterberg
Limits. The entire length must be divided into uniform sections based on soil classification
and Ground Water condifions. On each soll type, compaction and CBR tests shall be carried
out to determine the strength of subgrade sail for design purposes. Mormally, for each one
kilometre length, atleast one CER test value based on an average of 3 tests is required for
each soil type.

A simple procedure for estimating CER value of subgrade soil on the basis of soil properties
s also suggested (Appendix B). The detailed procedure for assessing the CER value for
subgrade soil is described in Para 4.

21.3  Determination of Pavement Thickness and Composifion

it1s necessary to carry out a comprehensive field materiais survey and the needed laboratory
lests on representative samples to maximize the use of locally available materials {including
industrial waste) for use in sub-base. base and surface courses as such or afler suitable
blending. Using the design traffic parameter and the subgrade strength parameter, the
pavement thickness and composition can be determined from the Design Catalogue given
In Para & The total thickness requirement and also the thickness of various layers have
been arrived at, keeping in view the main objective of maximizing the use of locally available
materials. The soil can be improved by mechanical stabilization or by modification with s
suitable additive like lime, lime-flyash/cement ate,

2.2 Upgradation/Rehabilitation of E risting Roads

2.21 Traffic Parameiar

The amount of traffic expected to ply over the future design life of the existing road, can
directly be based on actual traffic counts on the existing road. These traffic counts shall be
carried out both during the lean non-harvesting season as also during the peak harvesting
seasons. The cumulative traffic repetitions aver the design life can be calculated considering
the growth rate as per the potential in the area for generating traffic. The detailed procedure
for estimating the design traffic is described in Para 3.

R PRI RERS A U v nans o T

"



Imilar
10N
W on

= for
able
ENCE
i that
netre
fherg
ation
rried
| One
i for

rties
= for

atory
sding
table
, the
jven
have
lable
ith a

- can
1|l be
sting
ering
dure

IRC:8P-72-2015
£22 Subgrade Strength

=orthe upgradation/rehabilitation of an existing road, the subgrade strengthwill be detarmined
~arrying out CBR test on a representative sample of sub grade soil remoulded to the fisld
=nsity and at the field moisture content, determined after the recession of monsoon. If,
“wever, it s not found possible to determine the field moisture content immediately after
"=cession of monsoon, the subgrade strength shall be determined by the 4 days' soaked
= test on a representative soil sample, compacted to field density in order to simulate the
-5t masture condition.

-
=i

‘=matively, the subgrade strength can be determined by carrying out DCP tests avery
-2 min the subgrade at a distance of about 0.6 mte 1.0 m from the edge of the carriageway

"2 subgrade level in a staggered manner on each side of the carriageway. The salient
~=:2/s of a DCP test and a correlation with the CBR are given at Appendix C. In case the
~-—Jrade soll contains gravel or stone particles of size exceeding 20 mm, or if repeated

—=F tesis carried out in a siretch of one km give results varying by more than one-third of
= Sverage value, it is desirable to carry out soaked CBR test on remoulded soil specimens

e

“2cled al field dry density as per IRC guidelines.
- 23 Overay Thickness Requirement

= causes of poor condition of the pavement should first be determined from the data collected
"2 existing road. Many times, the poor performance is due to lack of proper drainage or lack
- ='=ral support from the shoulders etc, In such cases, these deficiencies must be made up
- Duiresorting o any strengthening measures, If, howaver, from the design calalogues, itis
-2 that the total pavement thickness requirement, determined from the axisting subgrade
=72t and for the future growth of traffic during the design life, is more than the existing
rementinickness, then anoverlay isto be provided. Considering design CBR of the sub grade
=nt projected traffic at the end of design life, total thickness required should be calculated,
- “esign catalogue givenin Fig. 4or Fig. 6(in case of stabilized base and subbasecourses).
-=7=78l, the existing pavement layers are maintained unless the su bgrade is made of black
" 50l or the existing pavement material deleriorated extensively due to excessive clay in
=r=hing pavement layer, The thickness of the overiay is worked out as differenca of total
-~ 24 thickness minus existing available thickness. For upgradation and strengthening,
===0n should be based on the cost economics and expected performance during design
= =ubjected to the following provisions:

for fraffic up to T, category : The additional WEBM layers o be provided shall not
=xceed 150 mm comprising of two layers of WBM

‘or traffic mare than T, category and up to T, category {2 MSA) : The additional WEM
dyers to be provided shall not exceed 225 mm com prising of three layers of WEBM,

i s

ere the subgrade soil is black cotton and the existing pavernent layers have

en deteriorated due to existing clay present in the strucfure, the condition of the
vement shall be examined thoroughly and where it has been ascertained that

‘na pavement shall be reconstructed as a new pavemnent efforts should be made
7
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\o utilize the dismantled mate rial obtained from existing pavement, to the axtent 323

possible subject to meeting the specifications. I such cases the subgrade may also = e

be strengthened using any of the methods of stabilization or by replacement of poor - B

subgrade soil. The pavement shall be designed on the basis of improved CER as per

catalogue. i3

d) The specifications and properties of the material to be used in averlay should not be L

lower than that of the existing 10p layer. It should also be ansured that a soft layer is -

not sandwiched between two hard layers. -—

L 2

3 TRAFFIC PARAMETER —

3.1 Composition of Rural Traimc -

_ e —

plays an impartant role in =

341 Itis not only the traffic volume but also its composition that
determining the pavement thickness and composition (Ref. §,11&1T). There is a wide variety
of vehicles plying on rural roads, half or @ven more af the total number being non-maotorized

mostly bicycles and animal drawn carts. Among tha motorized vehicles, the two-whesled
motor cycles constitule a sizable proportion followed by iractorsitractor-trailers, jugads.
pick-up vans, jeeps and cars. Heavy Commercial Vehicles (HCV) like full-sized trucks and
huses ara relatively very few in number, their proportion out of the total may be as low as
5% sometimes even lower, The nu mber of Medium-heavy Com marcial Viehicles (MCV) like
tractor-trailers and medium-sized trucks is generally much higher than the number of HCV
The number of animal drawn carts is on the decling, The number of tractorsitractor-trailers is
gradually on the increase, while the number of motor cycles is increasing rapidly.

34.2 For purposes of pavement design, the large number of bicycles, matar cycles
and prneumatic-tyred animal drawn carts are of littie consequence and only the motorized
commercial vehicles of gross laden weight of 3 tonnes and above (i.e. HCV and MCV) are to

be considered.

3.2 Traffic Growth Rate

Some of the simple methods for estimating the traffic growth rates are given below.

321 Trend Analysis

The past trend of growth is analysed and the rate
type T =T, (1+r1) where n is the numbar of years, T, isthe traffic in zero year, T_is the traffic
in the n® year and r is the annual rate of growth in parcent. The future rate of growth can bs
fixed equal to or higher than the past rate depending on sOCIp-economic considerations and
future growth potential of the region where the road is located. Local enquiries in this reg ard

are often very useful.

established by fithng a relationship of the

3.2.2 Econometric Maodel
L e e actimeatend By actablishing econometric models,

as per the
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3.2.3  Recommended Growth Rate

tent
S0 7 he absence of any specific information available to the designer, it is recommended that
100r =7 average annual growth rate of 6% over the design life may be adopted.
per
Design Life
1be "nile selecting the design life of a pavement, it must be bome in mind that at the end of
2T 1S = design life, the pavement will not have to be reconstructed all over again. It only means
—at al the end of the design life, it will only need to be strengthened, so that it can continue
- carry traffic satisfactorily for a further specified period. It is necessary to carry out proper
~-ndition surveys atieast once a year, so that the nature and rate of change of condition will
= Identify as to when the pavement will requite strengthening. A design life of 10 years is
_ =-ommended for purposes of pavement design for gravel roads (with periodic re-gravelling)
:'?;E =72 for flexible pavements. This design life period of 10 years has been recommended
e - &nzlre that neither the strengthening will need to be carried out too soon nor will the
ol “==ign for a very long design period be unduly expensive by way of high initial investment
ads, wired
and 7= aspect of stage construction is specially relevant to the very low volume roads (design
S “=7c less than 0.1 MBA) which are initially designed and constructed as all-weather gravel
'{g:f ==, After monitoring their performance and the growth in volume and composition of traffic
] 5 =r 5 years or so, can be sultably strengthened and black-topped where necessary. Suitably
~==tooning the metalling and black-topping of gravel roads can go a long way in connecting
= —ore of the unconnected habitations within the same investment.
ized 7= aspect of possible upgradation of a rural road to a higher category road at a future date
reto ~ =1 De kept in view, especially ensuring proper compaction of subgrade which serves as the
==y foundation of a pavement.
- Computation of Design Traffic
-41 For Upgradation of Existing Road
Traffic census should be conducted over a period of atleast 3 days, both during the
7 the pesk harvesting season and also during the lean season for various vehicle types, both
raffic motorised as well as non-motorised; the number of laden, unladen and overloaded
in be commercial vehicles also to be recorded during the traffic counts. Generally, there
- and are two or more harvesting seasons with intervening lean season. Traffic census
gard will be carried out during one of the harvesting seasons and also during the lean
season. The average duration of each harvesting season and likely change in the
peak traffic during other harvesting seasons than the one during which the census
” has been taken shall be ascertained from local enquiries and suitably considerad in
7 1

estimation of traffic. In case any information regarding change in peak traffic during

9
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other harvesting seasons could not be ascertained through local enquiries, the traffs
Could be assumed to be the same as the traffic data collected during the harvesting
Seasan.

Average Daily Traffic (ADT) for 24 hours should be computed for each vehicle typs
both during the peak-harvesting season and alen during the lean season. Knowing
the duration of harvesting season, (see Fig. 1, showing seasonal fluctuations -
ADT) the total traffic during the year can be computed and consequently the Average
Annual Daily Traffic (AADT) can be computed for each vehicle type.

AAMVERT I HARVESTHE
SEASDN-| SEAGTH
o T
7N £ %
. / e / Vo
;EE | II.IIIII III| II.'II|I IIII. |
2a \ \
1 \_ 7
: :
 ——— — e
= 5 Doy T B
L
-Ih'l I ‘Ill:- HI-II I A Wiy I .':.-r- I .il.l I l:q Gz I l::cl I Haw F!h. g _I-.In

NOMTHOF THE VEAR ———
Fig. 1 Seasonal Viariations in Rural T raffic

Although the number and duration of harvesting seasons can vary from one region to
the other, typically twa harvesting seasons during the course of a yaar are shown in
Fig. 1. If T is the average number of commercial vehicles of g given category, plying
per day during the lean season the enhanced traffic during the peak season car
be denoted by nT, over and above the lean season traffic T, the value of n varying
widely from one region to the other Typically, it takes about 40% of the duration of =
harvesting season (t} to build up the traffic from lean-season level T to the peak. The

coming down to the lean-seasan iraffic level over a period of time, again about 409
of the total duration of the harvesting season. With these assumptions, the total

number of repetitions (N] of a given vehicle type during the course of 3 year |s given
by:

N =Tx 365 + 2nT [0.6t]
Average Annual Daily Traffic (AADT)

=T+ _l.2nTt
365

10
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It should generally be possible to capture the peak traffic from the actual traffic count
taken during the harvesting seascn. Thus, if the duration of harvesting season, the
peak traffic and the duration of peak traffic are known, the average additional traffic
during harvesting season can be estimated on the basis of information collacted
during the traffic survey, Local enguiries are often useful in estimating average
additional traffic during harvesting season.

In case of all roads where the projected traffic for 10 years design life is likely to be
IMSA and above, it should be man datory to get the traffic survey carried out through
a third party.

New Road

oad considering the number of villages and their population along the road alignment

°= ofher soclo-economic parameters. Traffic counts can be carried out on an existing road in

.

st

nity with similar conditions and knowing the population served as well as agriculturall

“Zusinal produce lo be transported, the expecied traffic on the new proposed road can be
mated. In general, new roads for providing connactivity to single habitations of smallar
-=2iaton (below 500) should be designed for traffic category below T,

[

raffic on the proposed road can also be estimated on the basis of Q-D survey along

= naarby existing roads which presently serve the villages proposed to be connected

X -

-

s &

“onsidaration should be given to the 'Diverted’ and ‘Generated' traffic anticipated as
= —=nz2quence of the development of the proposed road. land use of the area servad. the
===t growth of traffic and the design life.

3

=

Detarmination of ESAL applications

" ourposes of Pavement Design, only commercial vehicles with a gross laden weight of
- 1=s ormore along with their axle loading are considered. These may include inter alia

T rlg
Trucks (Heavy, Medium)
Huses

Tractor-Trailers

TiC parameter is generally evaluated in terms of a Standard Axle Load of 80 kN and

wmulative repetitions of the Equivalent Standard Axle Load (ESAL) are calculated over

P-4

an life

=nicles with single axle loads different from 80 kN, and tandem axie loads different

kN can be converted into standard axles using the Axle Equivalency Factor
a4
i 1|I;I~'l L

Axle Equivalency Factor = =
L g |

1"
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where W = Axle load (in kN) of the rural vehicle in gquestion
Ws = Standard Axle Load of 80 kN or 148 kN in case of tandem axles

The Equivalency Factors for converting to the Standard Axle Load of 80 kN (B.16 1) ans
Tandem Axle load of 148 kN (14 988 tl are given below.

Equivalency Factors for Different Axle Loads

Axle Load Load Equivalency Factors
{Tonnes) kN Single Axle Tandem Axle

3.0 29.4 0.02 0.01
4.0 39,2 0.06 0.01
2.0 49 1 0.14 0.02
6.0 s8.8 0.29 0.03
| 7.0 68.7 0.54 0.05
8.0 8.5 0.92 0.08
8.16 80.0 1.00 0.09
8.0 88.3 1.48 0.13
10.0 98.1 2.25 0.20
10.2 100.0 246 0.21
11.0 107.9 3.30 0.29
12.0 117.7 4.70 0.40
13.0 127.5 6.40 0.56

14.0 137.3 8.66 076 |
15.0 147 .1 11.42 0.98
b 16.0 157 - 1.2T
17.0 166.8 - 1.62
18.0 176.6 - 2.03
19.0 186.4 - 2.52

20.0 196.2 - 3.09 |

The design traffic is considered in terms of cumulative number of Standard Axles to be carriec
during the design life of the road.

For single-lane and intermediate-lane roads, the design shall‘be based on the total numbe:
of commercial vehicles per day in both directions. Far double-lane roads, the design shouls & =
be based on 75% of the total number of vehicles in both directions. -

12 '
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344 \Vehicie Damage Factor

tles. 2 Vehicle Damage Factor (VDF) is @ multiplier for converting the number of commercial

=hicles of differant axle loads to the number of standard axle load repetitions. It is defined

=5 “equivalent number of standard axles per commercial vehicle". While the VDF value is

=mivad at from axle load surveys on the existing roads, the project size and traffic volume in

"= case of rural roads may not warrant conducting an axle load survey. It may be adequate
sdopt indicative VDF values discussed below for the purpose of pavament design.

| and

—or calculating the VOF, the following categories of vehicles may be considerad: -
Laden Heavy Commercial Vehicles (HCV)

Fully loaded HCV (comprising heavy trucks, full-sized buses) have a Rear Axle
Load of 10.2 tonnes and a Front Axle Load, about half the Rear Axle Load ie.
2 tonnes. The VDF works out to 2.58 (=2.44 + 0.14).

Unladen/Partially Loadad Heavy Commercial Vehicles

Since the extent of loading of commercial vehicles is difficult to determine, a Rear
Axle Load of 6 lonnes and a front axle load of 3 tonnes may be assumed for an
Unladen/Partially Loaded HCV. The VDF works out to 0.31 (= 0.28 + 0.02)

Overloaded Heavy Commercial Vehicles

The extent of overloading may vary widely from one situation to the other. However,
it an overload of 20% is there, the VDF goes up to 5.35 (=5.06+0.29). However, if
only 10% of the laden HCV are overloaded to the extent of 20% the VDF works out
o 286 (=00 x 2.58 + 0.1 x 5.35),

Laden Medium-heavy Commercial Vehicles (MCV)

Fully loaded MCV (mostly comprising Tractor-Trailers) have a Rear Axle Load of
o tonnes and a Front Axle Load of 3 tonnes. The VDF works out to 0.31 (= 0.20 +
0.02)

Unladen/Partially Loaded Medium-heavy Commercial Vehicles

Since the extent of loading of commercial vehicles is difficull to determine, a Rear
Axle Load of 3 tonnes and a Front Axle Load of 1.5 tonnes may be assumed, The
VDF works out to 0.019 (= 0.018 + 0.001)

Overloaded Medium-heavy Commercial Vehicles

The extent of overloading may vary widely from one situation to the other. However,
arried if an overload of 20% is there, the VDF goes upto 0.65 (= 0.61 + 0.04). If only 10% of

tha laden MCV are overloaded to the extent of 20%. the VDF works out to 0.344 (=
mber 0.1 x0.65+0.9x0.31)

hould “owatds the computation of ESAL applications, the indicative VOF values (ie. Standard
=223 per Commercial Vehicle) are given below;

13
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Vehicle Type Laden . Unladen/Partially Laden
HCV 2.86 0.21
| MCV 0.34 0.02

For pavement design, the number of:

i} HCV : laden, unladen and overloaded and

i MCV : laden, unladen and overdoaded must be obtained from actual traffic counts
and, using appropriate VDF values, the number of Equivalent Standard Axles to be
caterad over the design life are worked out. If, however for some reason, it is not
possible to carry out all the required traffic counts, recourse to local enquiries may
be taken to estimate their proportions in as realistic a manner as possible

Assuming a uniform annual traffic growth rate r of 6% over the design life (n) of 10 years, the
cumulative ESAL applications (N) over the design life can be computed using the following
formula:-

(1+0.01r)" =1
0.01r

N=T,J}:355xl x L

_ ’
N = T, x 365 x {—“"”-“ﬁ} "}f L

i
= T, x481 x L
where, T, = ESAL per day = number of commearcial vehicles per day in
the year of opening x VDF

and L = lane distribution factor; L = 1 (One) for single lanelintermediate lane
and L = 0.75 for two-lans roads

3.4.5 |ncasethe proportion of HCV and MCV in the traffic stream could not be ascertained,
particularly for new roads, a reasonable estimate of design traffic in terms of cumulative
standard axles can be obtained from Appendix A_ This is based on typical vehicle composition
obsarved on low volume roads

3.5 Traffic Categories:

For pavement design, the traffic has bean categorized into nine categories (T, to T, ) as
under:
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1 Traffic Category | Cumulative ESAL Applications
T, 10,000 - 30,000
> 30,000 - 0,000

Lt

60,000 - 100,000
>100,000 - 200,000
200,000 - 300,000

| >300000 - 600,000
[
]

L

| A

=

1

-

= 600,000 1,000,000
> 1,000,000 - 1,500,000
= 1,500,000 - 2,000,000 ,

L--1

gl by e

=

- he
ving

4 SUBGRADE STRENGTH EVALUATION

The Subgrade

-

£ 1 Definition

: oer MORD Specifications for Rural Roads (Ref 14), subgrade can be defined as
—cmpacted layer, generally of naturally occurring local secil, assumed to be 300 mm in
“oeness (for low volume roads) just beneath the pavement crust, and is made up of in-situ
==rzl select soil or stabilized seil that forms the foundation of the pavement, providing

= uszually to a higher standard than the lower part of the embankment. It should be well
c=cted to limit the scope of rutting in pavement due to additional densification during
= z=rvice life of pavement. In cuttings, the cut formation, which serves as the subgrade,
=zlzd similarly to provide a suitable foundation for the pavement. Where the naturally
-ng local subgrade scils have poor engineering properties and low strength in terms
for example in Black Cotton soil areas, improved subgrades are provided by way
ined = cemant treatment or by mechanical stabilization and other similar techniques, as
ative =n=d in Paras 4.2.2 and 4.3
sition

7y in

L« 2 The subgrade, whather in cutting or in embankment, should be well compacted to
—= = full strength and to economize on the overall pavement thickness. The current
== Specifications for Rural Roads require that the subgrade should be compacted

0% Mazimum Dry Density achieved by the Standard Proctor Test (IS 2720-Part 7)

) as e material used for subgrade construction should have a dry unit'weight of not less than

_.I

) A

15




IRC:8P-72-2015

41.3 Soi Surveys

It is necessary that a soll su ey along and around the road alignment is carried out following
the laid down-procedures and that the results of all field and laboratory invastigations are
Made available to the designer. During the soil surveys, the depth and fluctuations of GWT
must be recorded. All the representative samples of subgrade soils must be subjected to
the simple classification tests (wet siave analysis, liquid and plastic lermits) and the soil grous
shown against each representative sample, ensuring that at least 3 samples are taken per
kilometre length aven if tha same soll type continues.

For each of the soil groups thus identified, atleast one CBR test should be conducted with
the soil compacted to the Standard Proctor density and at a moaisture content corresponding
to the wetlest state considerad dppropnate lo the site conditions.

4.2 Subgrade Strength

4.2.1  Design for New Roads
4.2.1.1 Subgrade CBR value

For the pavement design of new roads, the subgrade strength needs to be evaluated in terms
of CBR value.

The CBR of the subgrade can be estimated by any of the following methods:

1) Based on soll classification tests and using Table 1 (Ref 4) which gives typica
presumptive design CBR values for soil samples compacted to Proctar density at
oplimum moisture content ang soaked under water for 4 days,

il Using two sets of equations. based an classification lest data, one for plastic sois
and the other for non-plastic soils (Appendix B), for estimating soaked CBR values
on samples compacted to Proctar density (Ref 18)

i) By conducting actual CBR tests in the laboratory.

The CBR tesls should be conductad On reprasentative samples of subgrade soil compactas
by static compaction to 100% Standard Proctor dry density and tested at a moisture contert
caresponding to the wettest moisture condition likely to occur in the subgrade during its
service life. An average of test values obtained from a set of 3 specimens should be reported
If high variations are observad in the test values from the set of 3 specimens, then an average
of test values obtained from & specimens should be taken

The methads (i) and lil} above, come in handy where adequale testing facilities are no!
available or the project is of such a size as not to warrant elaborate tesling procedures
Where actual CBR test results for a particular soil type show considerable variation, the
methods (i} and (i) above provide a useful guide in aslimating the most appropriate soakec
CBR value for the soil.
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Euhgmf.:le Classification |

Estimating Subgrade Mulslunat Content

Where the GWT is close enough | 1.
to the ground surface to influence
the subgrade molsture content.
In non-plastic soils, GWT will
influence the subgrade moisture ]
content, if it rises to within 1 m of
the road surface; in clays of low
plasticity (Pl<20), if GWT rises
within 3 m of the road surface
and in heavy clays (Pl=40), if 3
GWT rises within 7 m of the|™
road surface. This category
also includes coastal areas and
flood plains where the GWT
5 maintained by the sea. by a
'ake or by a river, besides areas
where GWT is maintained by
rainfall

The most direct method is to measure the
moisture content in subgrades below existing
pavements in similar situations at the time of
the year when the GWT is at its highest level.

The subgrade moisture content for different
soil types can be estimated by using the ratio

ra oi Con 3 which is about
the Plastic Limit same when GWT and climatic
conditions are similar.

Where such measurements are not possible,
the subgrade strength may be determined in
terms of 4-day soaked CBR value

Subgrades with deep GWT but|1,
whare seasonal rainfall brings
sbout  significant changes in
moisture conditions under the
road

The subgrade moisture condition will depend
on the balance between the water entaring the
subgrade through pavement edges/shoulders
during rains and the moisture leaving the
ground during dry periods. The design moisture i
content can be taken as optimum moisture
content obtained from Proctor Compaction Test
15 2720 (Part 7) corresponding o maximum dry
density or from the nomograph given in Fig. 2,

whichever is higher. |

The possibility of local parched GWT and effects
of seasonal flooding should, however, also be
considered while deciding on WT depth. Where
such situations are encountered, the subgrade
sirength may be determined in terms or 4-tlay
soaked CBR value, |

7= number of CBR tests could be reduced significantly without losing any design accuracy
==2ring to quick methods of CBR tests

“rmzlly, for sach one kilometra length, atleast one CBR test value based on the average of

in the laboratary.

=5 values is required, in case there is no variation in the soil type,
=lermining the CBR value in the labaratory, the standard test procedure laid down in

= 2720 (Part 16) must be adopted.

17
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4.2.1.2 Selection of muoisture content for subgrade strength evaluation: The subgrade maoisture
conditions can be classified as under [Ref 5).
TABLE 1 TYPICAL PRESU MPTIVE DESIGN CBR VALUES

Description of i IS Soil Typical Soaked CBR
Subgrade Soil Classification Walue (% )
Highly Piastie Clays and Sili= | CH, MH =23
Sitty Clays and Sandy Clays | ML, Ml €L, O 4-5
Clayey Sands and Silly Sands j SC, SM | 6-10
" Expansive clays like BC Soil may have a soaked CBR of less than 2%,
. A simple Free Swelling Index test (18 2720-Part 40) should be determined on expansive
Clays,
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isture L322 Expansive soil subgrade

—inansive soils/ Black Colton soils are basically mentmaorillonitic clays which display a tendency to

wzll or heave during the process of wetting and to shrink when dry, as evidenced by shrinkage cracks.
«nen subjected to seasonal wetting and drying, a road built on an axpansive soll subgrade will cause
~=venness of the pavement surface. In order to prevent such an unsatisfactory performance of the
»2d, the following precautions should be taken:-

-

| -2mpact the expansive soils at relatively low dry density and at high moisture content, since
1 =snansive soils compacted to high density at low moisture content will undergo higher volumetric
! “=nges. Tharefore, an expansive soil should be compacted to 95% Standard Proctor compaction ai
2 moisture content 1 to 2% higher than the optimum.

it = good practice lo provide the pavement crust on an improved non-expansive soll, adequately
Tpacted, 0.6 m to 1.0 m in thickness and the pavement designed for the CBR of improved
@ -Dorade. However, where such a non-expansive buffer layer does not work out to be economical,
' ¢ Tankel course of coarse/medium sand or non-plastic moearum {P1<5) or lime-treated black cotion
! o - subbase can be provided, extending over the entire formation width, together with measures for

[ ent drainage,

L

§ vy
i

3 Upgradalion/Rehabilitation of Existing Roads

7= in-situ subgrade strength of an existing road will be determined in terms of CBR value obtained
‘eoresentstive subgrade soil samples remoulded 1o the in-situ density at the field equilibrium
“=siure content, observed afler the recession of the rainy season (Fig. 3). If, for some reason,
= not found possible to determine the field moisture content immediately after the recession of
“orzoon, the 4 days' scaked CBR value of the re-moulded subgrade soil samples, compacied to
= censity, may be determined. When the alternative of carrying out DCP tests is adepted, sallent
=== are provided in Appendix C, which relates to strength of the subgrade in terms of CBR at in-
Toisture and density.
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—3 3 Subgrade Strength Determination for Upgradation/Rehabilitation of an Existing Road
Subgrade Strength Classes

= =ength of subgrade for design of new roads shall not be less than the values specifiad belaw,

The strength of subgrade for design shall not be less than 5% (atleast fair), even when the
iraffic volumes ara low. In case the CBR of the subgrade soil is less than 5%, the subgrade
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should be stabilized to achieve a minimum design CBR of 5%, L.e. the quality of sub-grads
for design purpases should be atieast fair, In order 1o use the Design Catalogue (Para 8], the
subgrade strength is divided into the following classas:

| Quality of Class Subgrade | Range (CBR%) |
Vary Poor 3, 2
Poor . 5,‘, 3-4
Fair s, 5-6
Good S, 7-9
Very Good | S, 10-15

LI

k) Where the CBR of subgrade soll is 2 or less, the econamic feasibility of replacing
300 mm subgrade with suitable soil needs to be explored and, if found feasible.

the pavement should then be designed based on the CBR value of the improvec
subgrade. The option of replacement of sub-grade soil should be considered only
when it is cheapear than the stabilization.

5 PAVEMENT COMPOSITION AND MAXIMIZING USE OF
LOCALLY AVAILABLE MATERIALS

5.1 Pavement Compaosition

5.1.1 Sub-base Course

For granular sub-base, the materials generzlly used are natural sand, moorum, grave
crushed stone, crushed slag, brick metal, kankar or combination thereof depending upo®
the grading required as per Clause 401 of the MORD Specifications for Rural Roads (Ref
14), For silty clays and clayey soils including Black-Cotion soils, a lime treated sub bass
may be provided as per Clause 403 of the MORD Specifications for Rural Roads (Ref
14), taking care that the lime shall have purity of not less than 70% by weight of quicklims
(Ca0)} when tested in accordance with 1S 1514. Where the lime of different calcium oxids
contant is to be used, its quantity should be suitably adjusted so that equivalent calcium
oxide content is incorporated in the work, For soils which do not respond to lime treatman
and where comparatively higher and faster development of strength and durability
characteristics are needed, especially for water logged and high rainfall areas, cemert
treated subbase course can be provided, as per Clause 404 of the MORD Specifications
for Rural Roads (Ref 14). The cement content for a cement treated subbase should be
determined by mix design, yielding a 7-day unconfined compressive strength of not less
than 1.7 MPa. From practical considerations, the thickness of subbase, where providec

ehall not be less than 100 mm.

PIEIEE IR A
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-"'?:gﬂ 51.2 Base Course
. the
=or rural roads designed for cumulative ESAL repetitions more than 1,00,000, unbound

-ranular bases which comprise conventional Water Bound Macadam (WBM), Wet Mix
\tacadam (WMM) or Crusher Run Macadam Base are adopted as per Clauses 405, 406
4 411 of the MORD Specifications for Rural Roads (Ref 14). Where hard stone metal is not
.allable within economical leads, a cement stabilized base can be provided as per Clause
404 of the MORD Specifications for Rural Roads (Ref 14).

= rural roads designed for cumulative ESAL repetitions less than 1,00,000, a Gravel base is
=commended, except for a very poor subgrade strength (CBR=2) under the Traffic Categories
-# 30,000 to 60,000; and 60,000 to 100,000 ESAL applications and for poor subgrade strangth
“BR=3to 4) under the Traffic Category of 60,000 to 100,000 ESAL applications as shown in
=ig. 4 The various grading, plasticity and other requirements for a Gravel base are detailed

'lﬂt;'l"'g - Clause 402 of the MORD Specifications for Rural Roads (Ref 14).

1ble,

wved 513 Surfacing

only == rural roads designed for cumulative ESAL repetitions, over 100,000, a bituminous surface
=ztment of 2-coat surface dressing or 20 mm premix carpet is recommended, as per
'"JRD Specifications for Rural Roads (Ref 14). However, for rural roads designed for ESAL
=colications less than 100,000, a non-bituminous gravel surfacing is recommended as per
“iause 402 of the MORD Specifications, except for the very poor subgrade strength (CBR=2)
~zer traffic categories T, and T, and for the poor subgrade strength (CBR= 3 to 4) under
“raffic Category T, only, where a hituminous surface treatment has been recommended, as
==own in Fig. 4.

avel, Maximizing Use of Locally Available Materials

pan $21. Avariety of locally available materials can be used which may be grouped under the

(Ref Jwing categories:

hase Selected granular soil for use in subgrade.

{!_Haf Mechanical stabilization, stabilization with lime, cement, lime and flyash, as

{ |rna appropriate.

1xide c

i Naturally occurring softer aggregate like moorum, kankar, gravel etc.

ment Brick and overburnt brick metal.

bility Stone metal

Tem Industrial Wastes

tons

id be sximizing the use of locally available materials, suitable and economical designs can be

' lass ~«ad out and the most suitable and economical design adopted.

ided, =22 Someoftheimportant points inthe use of these materials are: discussed in subseguent

zaragraphs.
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£ 2.2.1 Selected Granular Sail

vell-graded soils with low plasticity have better engineering properties and should be
=s2rved for use as the improved subgrade portion. Such soils can be identified by their high

~roctor density and low Pl valuss. The sampling and testing of borrow material shall be as
=r Clause 1803.2 of the MCRD Specifications for Rural Roads, 2014.

= 2.2.2 Stabilization of Local Soils

- «ariety of technigues are available for stabilizing local soils for improving their engineering
—perties, but not all the techniques are applicable to all types of soils. A brief description of
= slabilization mechanism and applicability of the individual techniques are given in Table 2
-'ause 408, Ref 14). This may be referred to for choosing the most appropriate technique

- =tabilizing the soil at site. The mix proportions are generally worked out in the laboratory
=224 on spaked CBR.

= 2.2.3 Naturally Occurring Marginal Aggregates

="ginal aggregates like brick ballast, laterite, kankar, moorum, dhandla, etc, where
=.=/lable within economic leads, should be made use of in pavement construction to
= maximum extent feasible. The material may oceur in graded form or as discrete

~cks or admixtured with soil. The manner of using these is indicated in Table 3
~lause 408, Ref 14).

=224 Brick Soling

- 2uvial plains where hard stone aggregate are normally not available within economical
=25 the general specification adopted for sub-base and base courses is to provide

* soling. Either flat bricks or bricks on edge can be used depending on the thickness
=--raments. In case of flat bricks, two layers are desirable. The bricks should be of good

= 7y and well burnt. Before laying, it is generally desirable to provide a cushion of sand
= the earth subgrade

= 2.5 Water Bound Macadam

Fig. 4 Pavemenl Design Cataloguss for Gravel/Granular Bases and Sub-bazes

==r bound macadam (WBM) is one of the most common specification adopted for
-~=truction of subbase, base and surfacing courses, Broken stone, overburnt brick metal,
=72, or kankar can be used as the coarse aggregate for WBM. For details of the WBM

~wque, refarence may be made to Clause 405 of the MORD Specifications for Rural
=nacs (Ref 14).
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REF.14) 5. No. | Technique | Mechanism || Application |
|
=l g T 3 || a ]
4, —I_ Lime Flyash |Lir'ne chemically reacts with t.he-lﬁnils of medium plasticity (P 9-20)
E"E | Stabilizalion silica and aluming in flyash to Furm|and clayey soils nat reactive o
: | | “ementiticus compounds which binds | lime can be slabilized with lime and
ils can | the sail |ﬂ
= ] N : | _rash._ __;
5. | Bitumen | Bitumen binds the soil particles |C!aan graded sands can be stabilized
| Stabilization by this technique.
L | Two-stage |This generally applies to heavy clays. | Heavy clays with Pl = 30
| Stabilization | The clay s treated with lime in the
—— first stage to reduce plasticity and to
g a Py | facilitate putverization. In the second
least | stage, the resulting soil Is stabilized
1icr9rﬂ | With cement, bitumen, lime or fime
Boils flyas
. May == 225l — : J
mical " Fuller's grading rule js given by :
ence

I
B : = f APCTILrE Sire of cipye ]3
= tent passing sieve = 100 x L les o s |

"AELE 3 MANNER OF USING SOFT

AGGREGATES

IN PAVEMENT CONSTRUCTION (REF. 14)

S. | State of Occurrence Manner of using in

Test/Quality Requirement

No. | of Material Pavement Construction
In  bleck ar large | As watar bound macadarm
discrete particles |wimuut screenings/iller in

accordance  with IRC;19,
|aﬂer breaking the material
|' into requirad sizas,

Wet aggregate impact value
{15:5640) not to excead 50,
40 and 30 when used in sub
-base, base and surfacing
respectively,

Graded form without

appreciable amount
of oil

|I Directlyas a granular layer for
|. sub -base/base or gy rfacing

Pl should be 4-10 when used |
a5 surfacing and  should
not exceed & whan used in
lower courses. Evaluated for

discrete
Particles mixed with
appreciable  amount
of soil such as soi

Directly as soil-gravel mix
for sub - base, base or
surfacing

strength by soaked CBR. |

The material should be well
graded and the P| re&h'ictedl
as for SlI,.No.2. Evaluated by
soaked CER.

-gravel mixtures J_
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& PAVEMENT DESIGN OF GRAVEL/SOIL-AGGREGATE ROADS

6.1 General

6.1.1 Gravel/Scil-Aggregate is a mix of stone. sand and fine-sized particles used as =2
subbase, base or surfacing on a road. The gradation and plasticity requirements for use i
subbase, base and surfacing are given in Clauses 401 and 402 of the MORD Specifications for
Rural Roads (Ref 14). The required properties of road gravels may or may not be availabls in
naturally occurring graveis. The aggregate gradation can be oblained by crushing, SCreening
and blending process as may he necessary. Fine aggregate, passing IS Sieve 4.75 mm
consists of natural or crushed sand and fine mineral particles. The physical requirements -
aggregates are given in Clause 402 of the MORD Specifications for Rural Roads (Ref. 14

The Indian Roads Congress has also separately brought out Manual for Design, Construction
and Maintenance of Gravel Roads (Ref 20)

6.1.2 Forgravel (aggregate-surfaced ) roads, when the subgrade CBR is above 2, the traffic
level considered is upto 60,000 repetitions of 80 kN ESAL. However, where the subgrace

CBR is above 5, a gravel’agg regate-surfaced road can take upto 1,00,000 ESAL applications
during the design life {Ref 2).

6.1.3 Itis to be recognized that Gravel/Aggregate-surfaced roads can serve low volu
traffic adequately for many vears, provided they are well-maintained, by regularly replenishing
lost gravel and periodic regravelling. These roads are relatively much easier to mainta
compared to black-topped roads, involving 3 much lower lavel of resources, skills ars
equipmanit. Essantially, the maintenance measures are aimed at repairing or reducing the
damage caused by the combined effects of weather and traffic and to provide the desires
level of serviceability, by performing the fallowing maintenance tasks:

a) Grading to restore a good cross-profile to enable water to be drained off and =
restore gravel from the shoulders to fill up potholes and cormugations. Tractor-towes
grading equipment can be used or even labour-based reshaping can be resories

to.
b Dragging, to correct minor defects on the road surface, using a tractor-towed drag
c) Patching of potholes can be carried out by manual methods
d) Regravelling, by adding new gravel, before surface starts deteriorating rapidly, using

anly agricultural tractors and manual labour, Regravelling may be justified periodical
say every 3 to 5 years, depending on traffic and climatic conditions.
el Dust contral by using surface gravel with relatively higher percentage of fines as ps
Clause 402 of MORD Specifications. In arid and semi-arid areas, it may be necessz
to pericdically spread natural clay or ta spray hygroscopic products like low cos
chlorides of calcium, magnesium or sodium. Thin bituminaus surface treatment |

dust prevention may also be considered where dust control by the above-suggests
methods is not practicable or effective.
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6.2 Design Chart

The gravel base thickness reguired for the five subgrade strength classes (3,, 3, S, 8,
and S,) and for the traffic categories of cumulative ESAL repetitions 10.000-30, ﬂ{lﬂ (T, :|
30, ar::man 000 (T,) and 60,000-100,000 (T, ) are shown in Fig. 4. A chart to convert a portion
o the Aggregale Ease Layer thickness to an equivalant thickness of subbase (Ref 2) with an
+armediate CBR value between the base and subgrade is shown in Fig. 5. The equivalent
+icknesses derived from Fig. 5 are given in Table 4. The sub-base thickness values in Table
: have been rounded off on higher side. The Table 4. It must, however, be ensured that a
~inimum 100 mm thickness of gravel base is always provided. Besides grading requirements
:erlﬁad for gravel base and surfacing (Ref 14), the minimum soaked CBR of 80 for the grave!
-238 material is often considerad an additional requirement. In case, gravel base material of
snove specifications Is not available, one layer of WBM grade Il of 75 mm thickness may
-= proposed at the top and the balance 25 mm thickness should be added in the thickness
=f granular sub-base.

IRC:5P-72-2015

TABLE 4 TO CONVERT PORTION OF THE AGGREGATE BASE THICKNESS TO
AN EQUIVALENT THICKNESS OF SUBBASE WITH MINIMUM BASE THICKNESS 100 MM

Design | Base | Thickness of Subbase (mm)

anee | THCKNS®S| CBR- | CBR- | GBR- | CBR- | CBR- | CBR-
) | 1% | 0% | 25% | 30w | 40w | s0%
150 100 100 | 100 | 100 | 100 75 75
175 100 150 | 160 | 150 | 150 | 125 | 125 |
200 100 200 | 200 | 175 | 175 | 150 | 150
225 100 250 | 250 | 225 | 225 | 200 | 200
250 100 300 | 275 | 250 | 250 | 225 | 225
275 100 350 | 325 | 300 | 300 | 275 | 275

E.3 Surface Gravel

"= thicknesses provided in the Design Catalogue (Fig. 4) are the Gravel base thicknesses
-4 the base gravel conforms to Clause 402, Table 400.2 of the MORD Specifications for
= _ral Roads. This material may not form a durable crust to keep the material bound together
3 Gravel Road and is difficult bo maintain. It is, therefore, recommended that the gravel
-=z2 shall be covered with the surface gravel material conforming to Table 400.3, Clause 402
‘1= MORD Specifications for Rural Roads, The thickness of the surface layer will generally
==, from 40 to 50 mm depending on the traffic and quality of material. This thickness of the
~~aca gravel is in addition to the gravel base thickness calculated from design as this is for

“stecting the gravel base and may require re-gravelling.
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Example
[ = 27.5 em
Dy, = 10 cm
CBR Subbase =30%
CER Basa =100%
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Required Subbase Thickness, D, (cm)

hickn&ss to an Eguivalent Thicknass of Subbase (Ref. 2)
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7 DESIGN OF FLEXIBLE PAVEMENT FOR TRAFFIC OVER 100,000
CUMULATIVE ESAL REPETITIONS

| Subbase Materials

T.1.1. Granular Sub-base

Zranular sub-base materials conforming to Clause 401 of the MORD Specifications for Rural
“oads (Ref 14) are recommended for use, These specifications suggest three gradings and
:pacify that the materials passing 425 micron sieve should have Liquid Limit and Plasticity
ndex as indicated below

Climate Ligquid Plasticity Remarks
Limit index
“reas having annual rainfall more. <35 <10 |Design traffic uptc 1 million
an 1000 mm standard axles (MSA) -
“reas having annual rainfall less <40 =15 | Design traffic upto 1 MSA
man 1000 mm |
21l areas irrespective of rainfall <25 =6 Design traffic more thar_:__“r_ _ME.&__

~na spaked CBR value should not be less than 20. In case the subbase material of the
=7uisite soaked CBR value is not available within economical leads, the subbase material

—=eting any of the prescribed gradings and other requirements with a soaked CBR value of
7t less than 15 can be permitted with the approval of the competent authority.

T1.2 Stabilized Sofl Sub-base

“or silty clays and clayey soils, including Black Cotton soils, treatment with lime offers an
-~arapriate and cost effective technigue which may be in the form of modification by way of
=ducing the Pl or in the form of a stabilization technigue for attaining the needed strength
== par Clause 403 (Ref 14). For soils which do not respond fo lime treatment and whare
-mparatively higher and faster development of strength and durability characteristics are
==dad, especially for water lpgged and high rainfall areas, soil stabilization with cement is
~2st appropriate. For cement treated soil subbase courses, the relevant specifications are
izined in Clause 404 {Ref 14), The cement content for a cement treated subbase should
= determined by mix design, yielding a 7-day unconfined compressive strength of not less
=1 1.7 MPa. From practical considarations, the thickness of subbase, where provided, shall
=t be less than 100 mm.

1.3 Use of Marginal Aggregates/industrial Wastes

e the use of Marginal Aggregates has been coverad in Para 5.2.2.3, the material
~zracterization of industrial wastes must be carried out as per Clause 410 of the MORD
“-acifications for Rural Roads (Ref 14). Scils of medium plasticity (Pl 5-20) and clayey soils
-~ raactive to lime alone can be stabilized with lime and flyash as per Clause 408 (Ref 14).
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Similarly slags from Iron and Steel industries meeting the requirements as per Clause 410
(Ref 14) can also be used in subbase courses,

7.1.4 The Thickness of Subbase where Provided shall not be less than 100 mm.

TN

T2 Base Course Materials

1.2.1 Gravel Base Matarial

For traffic upto 1,00,000 ESAL applications, gravel/soil-aggregate meeting the requirements

laid down in Clause 402 (Ref 14) of the MORD Specifications for Rural Roads is found to be
both suitable and economical.

It may be pointed out that for the successful performance of & non-bitumenised gravel ros=

surface, a gravel surfacing material meeting the requirements laid down in Clause 402
(Ref 14) for grave! surfacing materials must be provided.

For higher traffic ranges, over 100,000 ESAL repetiions, higher types of base materiz

involving the use of crushed stone material or seil-cement wil be needed, and the ross
surface black-topped,

1.2.2 Macadam Base Course

Conventicnally, the WBM base courses have been used in India even for the low voly
rural roads. Howaver, the cost of WEM becomes uneconomical in areas where hard sto
has to be carted from long distances, sometimes as much as 300 km; in such cases, th
possibility of using a soil-cement base course must be explored. \WWBM must be laid as

the specifications laid down in Clause 405 (Ref 14), taking special care to see that the
screenings and binding material meet the required engineering properties and are used &
the specified quantities. Improved crushed stone base courses by way of Wet Mix Macadam

and Crusher Run Macadam can be used, following the specifications laid down in Clauses
406 and 411 (Ref 14) respactivaly,

=

1.23 Soil-Cement Base

Where hard stone has to be carted from long uneconomical leads, the use of soil-cement ofter
offers an appropriate option. The soil-cement mix should be designed to attain a minime
laboratory 7-day unconfined compressive strength of 3 MPa. Special consideration must b
given to pulverization of soil clods to the specified requirements and thorough mixing as [z

down in Clause 404 (Ref 14). For clayey soils, pre-treatment with lima may be needed befu
stabilization with cement.

7.24  The thickness of base shall be as per pavement desigh catalogue for soil ceme
bases but should not be less than 100 mm, !
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410 7.3, Bituminous Surfacing
7.3.1. The Need
Situminous surfacing is a relatively expensive item, and its use should be made judiciously.
=ven when used, the specification will nat generally be higher than onaftwo-coal surface
“ressing provided as per Clause 505 (Raf 14) or 20 mm thick open-graded premix carpet as
~ar Clause 506 (Ref 14). A thin bituminous surfacing serves the following purposes.
e improves the riding quality
b . Seals the surface, thus preventing the entry of water which would otherwise weaken
the pavement structura.
i Protects the granular base from the damaging effects of traffic
roa
402 7.3.2 Warrants for Bituminous Surfacing
“neumatic-tyred fast moving vehicles like the commercial rural vehicles damage unprotected
e wranular bases and create dust nuisance. Also, the operating costs of such vehicles is
| d ~ighly influenced by the smoothness of the road pavement. Bituminous surfacing will be
|~ -dvantageous where subgrade is poor (CBR less than 4), the design traffic exceeds 60,000
==AL applications, and annual rainfall generally exceeds 1000 mm. Broad guidelines for
~roviding a bituminous surface treatment over & wall-drained gravel road surface, considering
& above influencing factors viz. (i) Subgrade strength, (i) traffic volume and (i} annual
Hume -ainfall in the area are given in Table 3.
slone TABLE 5 GUIDELINES FOR PROVIDING A BITUMINOUS SURFACE TREATMENT
s, the
s per Annual Rainfall | Type of Surfacing ]
Lt fhe | Traffic Category
sed in o T, T, T,
adam (ADT < 100) (ADT =100 - 150) (ADT =150 - 200) | (ADT > 200)
L s COwver 1500 mmyyear Gravel | BT BT BT
1000-1500 mm/year Gravel Gravel BT BT |
_ess than 1000 mmfyear| Gravel | Gravel Gravel BT
= =commended surfacings are shown in the Design Catalogues (Fig. 4) and (Fig. B).
ﬂ_gﬂen .= part of the stage development strategy, it is often desirable to postpone the provision
iR - 2 bituminous surface treatment for the first few years of its service life during which the
st be =/ament may undergo any undulations and the entire pavement system, including the
as laid “ainage system, gets stabilized.
| before
*3.3 Type of Bituminous Surfacing
it =+ the low volume rural roads, when a bituminous surfacing needs to be provided, two

amatives viz, Surface Dressing and 20 mm Premix Carpet are generally available. The
—-=nily revised and vastly improved IRC specifications for Surface Dressing adopt the concept
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of Average Least Dimension (ALD) of stone chips and take into account. the factors of traffic
type of existing surface, climate and type of chipping, A standardised chart (Ref 19) is useo
for the detarmination of design binder content and chipping application rate, The adoption

of the revised IRC specifications make Surface Dressing hoth suitable and economical for ks
low traffic volume conditions, as borne out by its popularity in several countries abroad. |-
all cases of traffic categaries T, Io T, surface dressing should be preferred as bituminous -
surfacing. However, 20 mm Premix Carpet can be used as an alternative to Surface Dressing
for traffic categories T, to Tg. Further, in all cases of stabilized base and sub-base courses -

is recommended that bituminous surface treatment as surface dressing or premix carpet be
provided using polymer modifiad bitumen or cold mix technology.

& RECOMMENDED PAVEMENT DESIGNS

The recommended flaxible pavement designs for low-volume rural roads with granular sub
bases and bases are gven in Fig. 4. A chart to convert portion of the gravel/soil aggregats
base layer thickness to an 2quivalent thickness of sub-base is given in Fig. 5. The equivalent
thicknesses derived from Fig. 5 are given in Table 4. The Sub-base thickness values presented
in Table 4 have been rounded off on higher side. Design charts using stabilized sub bases
and bases are given in Fig. 6. The salient features of the design catalogues are as under

1) There are five subgrade strength classes 5. 8, 8, 5,, & 5, covering a range o
CBR values from 2 to 13, for each of which, the pavement thickness and compositios
requirements are given under different traffic caltegories in terms of ESAL

applications
i) The traffic parameter has been calegorized into 9 categories as undear
T, = 10,000 to 30,000 ESAL applications
T, >30.000 to 60,000 ESAL applications
T, >60,000 to 1,00.000 ESAL applications
T, =>1.,00.000 to 2,00,000 ESAL applications
T. =>2,00,000to 3,00,000 ESAL applications
T, = 3.00,000 to 6,00,000 ESAL a pplications
T.  =>§,00.000 to 10,00,000 ESAL applications
T. =10,00,000 to 15,00,000 ESAL applications (1 MSAto 1.5 MSA)
T, =15.00,000 to 20,00,000 ESAL applications (1.5 MSA to 2 MSA)

i) Based on long-term performance of gravel roads for low-valume rural traffic in a largs
number of countries, developed and developing. gravel roads perform satisfactoriy
up to about 80,000 ESAL applications during the design life of 10 years for any
subgrade CBR above 2 (Ref. 2), If, however, the subgrads CBR is above 5. Grayve
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affic, roads can perform satisfactorily upto about 1,00,000 ESAL applications, during the
used design life of 10 years, (Ref. 2) as shown in Fig. 4.
'pll'f” ) Black-Topped Flexible pavements need to be designed for a minimum ADT of 200 or
:j 'r:" design traffic of 1,00,000 ESAL applications, during the design life of 10 years,
. in
boi: B ¢) A minimum 150 mm thick (100 mm in cases of stabilized) base course should be
ssing | provided in the flexible pavement designs for ESAL applications from 1,00,000 to
i 10.00,000
at be ii) Design catalogue for using stabilized soil sub-bases and soil cement bases is given
in Fig. 6, indicating minimum required thicknesses,
vii } The recommended thicknesses in flexible pavement designs are generally multiples
of 75 mm or 100 mm as required by practical considerations in the implementation of
" these designs.
s iy All the recommended designs are amenable to further strengthening at a future
fone date
alent | '
“nted X For flexible pavement designs with a design traffic over 20,00,000 ESAL applications,
anes B IRC:37-2012 may be referred to. However, thick bituminous layers for rural roads
0 may not be warranted and couid be substituted by granular construction.
go of ) In areas susceptible to frost action, all black-topped flexible pavements in the Design
& tians Catalogue (Figs. 4 and 6). n2ed to be provided with a minimum pavement thickness
of 420 mm (300 mm sub-base + 150 mm base), even when the CBR value of the
ESAL :
subgrade warrants a smaller thickness.
X} The Gravel base thickness requirements for Gravel Roads as given in the Design
Catalogue (Fig. 4) nead to be increased in areas susceptible lo frost action (Ref 2),
as under;
Cumulative ESAL Applications
Subgrade Class T, | T, T,
{10,000-30,000) (30,000-60,000) { 60,000-1,00,000)
5.(CBR =2) 250 mm Flexible Pavement | Flexible Pavement
5.(CBR=3104) 225 mm . n
> (CBR = 510 6) 200 mm | 325 mm 425 mm
=,(CBR =7 10 9) 175 mm 300 mm 400 mm
large ) :
storily 2.[CBR =10 to 15) 150 mm 275 mm 375 mrn
I an x —
L_rm; “ pavement design problem illustrating the use of recommended pavement design catalogue
| = given in Appendix D,

33



IRCSP-72-2015

—I

=] |.-\.I
Ee % R| gp 81

=
58 m | e
o [ B =&
fe B | e
R
<85 | :
|~ | #
= o
gd %
- £
<4 :
5 2
= iE. B
BB i1 &
e iii] &
gk %a':f §F 2
2T £8E i3 5
L4 T— E E
5 FEg :
= | :_.: 5
S P8
3|~ 38 18
£ o
~| 1N
e : i
A I
L THE
2 il ¢
T R
IS :
| 't £ - | m
5 E “% o -¢| Wig e o i
5 :_gfz:-'-' :LII.-' ﬂn £ n -r- G:
| & 13 = o g < g z
3 [ & O ta T 5 e ¥
[ £ 3 g u| it € ;g




IRC:SP-72-2015

9 DRAINAGE AND SHOULDERS

9.1 Drainage Design

1 must be recognized that a scientifically worked out drainage design is a vital part of the
Jesign of pavement system as s whole. The pavement design recommended in this Guidelines
s based on the assumption that (I) proper cross-slopas are provided over the carriageway
and roadside shoulders to shad off the rainwater quickly, (i) top of the subgrade/improved
subgrade is raised sufficiently, preferably not less than 300 mm above the GL and nat less
thian 800 mm above the highast GWT (ili) adequately designed roadside ditches/drains are
orovided, and (iv) all cross-drainage siructures are provided as per requiremants,

Sesides the drainage requirements as above, it is also necessary o provide drainage of
navement layers espacially where the sub grade is of relatively low permeability e.g. a clay
:ubgrade. While no separate drainage layer I= considered necessary for rural roads, it is
‘=cessary that atleast half the subbase layer thickness, subject to a minimum of 100 mm
=hould be extended across the shoulders. However. being a costly affair, this should be
ssed selectively only in those cases where the subgrade is clayey and the shoulders are
2150 made up of earthern material with very poor drainage characteristics. In the sub-base
material, the percent passing 75 micron sieve must not exceed 5%, Typical cross-saction
=nowing drainage of layers is given in Fig. 7

3.2 Shoulders

~or the successful performance of a rural road pavement, it is necessary that adequate
=izral support be provided by roadside shoulders. These are all the more important when
7= pavement materals are unbound in nature. The shoulder material should be selected
-5ing the same principles as for gravel roads or 2 subbase to carry construction traffic. The
=noulder material should normally be of subbase quality compacted to a thickness of 100
mm. Where the anticipated traffic on the shoulders Is high e.g high percentage of animal-
-rawn cans, gravelled shoulders need to be provided over 1m width from the edge of tha
=rmiageway as per Clause 407 MORD Specifications for Rural Roads, It is advisable i
“izast the outer edge of shoulder is grassed with appropriate species lo prevent arosion.

"ere shoulders are not gravelled, and the traffic volume is very low, it is advantageous to
2rass the whole of the shoulder,

Pavement Design Calalogues for Cemeant Treated Bases and Sub-Bases

Figy. &
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APPENDIX A
Cumuiative ESAL Apoleations for 10-year Design Life
ADT* | ovPD | Bemper Commercial Cumulative ESAL |
Yehicies | Applications
= HCV | MCV | -
100 e L A E T 19,380 X
150 S e 0 | 60,969
a0 | s | 10 a0 | 96,482 |
| 300 | w [ 60 1.49,952 =
L 400 | ‘-EI-ZI_ o ;__ 0 an 1.92.961 |
| 500 125 25 100 257,225
1000 300 | a0 240 663,120
" Includes both motorized SN0 non-motorized vehicles
Assumptions
1. A commercial vehicle (CV 5 oefined as a vehicle of gross ladan weight of 3 tonnes

Ormore, For purposes of pavemant design, the commercial vehicles comprise of the
following categories

. Heavy Commerciat Viehicles (HCV) tomprising heavy trucks and full-sized
buses.

. Medium-heavy Commercial vehiclas (MCV) COMprising Tractor-trailers/Jugads,
Mini buses, Pick-up Vans.

2, Since the extent of loading of 2 commercial vehicle is differant to determine, the Single
Axle Loads (Rear Axle) of laden and unladan {including partially loaded) vehiclas
in the HCV category can be assumed as 10.2 tonnes and 5 tonnes respectively,
For the MCV. the Single Axle Losds (Rear Axle) of a laden and unladen (including
partially loaded) vehicles ran 02 assumed as 6 tonnes and 3 tonnes respectivaly.
The Light Vehicles (Ly ) even when fully laden will have g gross laden weight of less
than 3 tonnes and hence need not be considered for pavement design,

3. Amongst the commercial vehicles per day (CVPD), the HCV vary from 0 to 20% of
CVPD while MC constitute over 80% of CVPD.

4, Ten (10) percent of CVPD are overloaded 1o the extent of 20% of the maximum
permissible load,

For traffic up to ADT = 1 00, itis assumed that no HCV plyonthe road e HCV = 0.
B, Laden and Unladen Vehicles under each catagory are equal in number.

on
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Plastic Soil
CBR
Whera We|

I::'IZI 078

P

Non-Plastic Soll
CBR
Where Dao

Soil Classifi

n

H

i

APPENDIX B

QUICK ESTIMATION OF CBR (REF. 18)

75/(1+0.728 WPI), R2= 067
Weighted Plasticity Index = Pass X PI
" Passing 0.075 mm sieve in decimal
Plasticity Index of the soil, %

28.091 (D, )*= Rz = (.84

cation can be used far prediminary report preparation

dF R8Ny o
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APPENDIX C

' COME
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A TYPICAL DYNAMIC CONE PENETROMETER (DCP)

SALIENT FEATURES OF DCP TEST

The Dynamic Cone Penetrometer is a simple device developed in UK for rapid in sifu strength
evaluation of subgrade and other unbound pavement layers. Essentially, a DCP measures
the penetration of a standard cone when driven by a standard force, the reported DCP value
being in terms of the penetration of the standard cone, in mm per blow of the standard
hammer. The figure above shows a typical DCF. The standard steel cone with an angle of
60" has a diameter of 20 mm. The standard 8 kg drop hammer slides over a 16 mm dia steel
rod with a fall height of 575 mm.

Basically, the penatration (in mm) per blow is inversely proportional to tha strength of the
material. Thus, higher the CBR value of a material being tested, lower will be the DCP value
in mm/blow. Besides the measurement of subgrade strength, the DCP tests can be conducted
to determine the boundaries between pavement layers with different strengths and their
thicknesses. The measurements can be taken upto 1.2 m depth with an extension rod.
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Whila one person holds the DCP instrument in a vertical position, another person carefully
drops the weight and the third takes the readings of penetration. The penetration of tha cone
can be measured on a graduated scale, The readings are taken with each blow of the weight

The field data is reduced in terms of panetration versus comespo nding number of blows. The
number of blows and depth readings are racorded on the Dynamic Cone Penatrometer Test
farm. The cone is case-hardened but raquires replacing, When used on subgrade materials
the cone can be expected to last 30 1o 40 tests before replacement.

The DCP test is specially useful for bituminous pavement rahabilitation design and is being

used extensively in several countnes.
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APPENDIX D

ILLUSTRATIVE EXANPLE OF PAVEMENT DESIGN

Twenty four hour traSc ou = 2 p=rwoed of 2 days taken on a single lane rural road

during the peak harvestng ssssor pecec e following results for the Averagae Daily
Traffic

Animal-grawn carts [Pasgsste Tirad 25

Bicycies 457

Full-sized trocks g

Agricultural Tractoe-Traliers and Jugads oo

Cars and Jesps 15

Motor cycles 200

Total 781
(Motorised and Non-motorised Vahicles per day)

There are two harvesting seasons in the area, each having a duration of about 2 %
maonths, the harvesting season traffic remaining at its peak for 15 days. The above traffic

count data was collected 2 years before opening the road to traffic.

The depth of the Ground Water Table was found to be about 10 m below Ground Level.
The average annual rainfall in the region is of the arder of 750 mm. The soil survey results
show the subgrade soil type to be CL with a Plasticity Index of 13. The maximum dry density
and optimum maoisture content were found to be 1.68 gm/cc and 12% respectively. The
CBR sample prepared at OMC, and compacted to MDD, vielded a CBR of 5. The locally
available materials include river gravel and sand besides an overly plastic moorum with
excessive fines, Determine the most appropriate pavement thickness and composition
requirements,

Design Calculat

1. Computation of Design Traffic Parameter

Since the lean-season traffic data is not available, it is assumed that the peak harvesting
season traffic is double the traffic during the non-harvesting season. Referring to Fig, 1,
n=1,1t=75days,

Average Daily Traffic during the non-harvesting season = 761/2 = 380

1.2 380 73
a5

= 380 + 94 = 474

AADT = 380 +
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Before opening of the road to traffic, AADT = 474 (1.06)F = 532, assuming an initial
annual traffic growth rate of 8%

From the given traffic count data, the proportions of HCY and MCYV out of the ADT of 532
work out as under:

Heavy Commercial Vehicles (HCV)=6
Medium Heavy Commercial Vehicles (MCV) = 38

The Animal-drawn carts being pneumatic tyred have not been considered for design
pUrposes.

Therefore, Commercial Vehicles Per Day (CVPD) to be considered for design purposes
- § +38 = 44. Since the traffic count data does not give the proportion of unladen and
laden vehicles, it is assumead that these are equal in number.

Taking the VDF values from para 3.4.4. the ESAL applications per day = 16.35
Cumulative ESAL applications over 10 years @ 6% growth rate.

= 4811 X 16.35

= 78,660

2. Evaluation of Subgrade Strength

Since the GWT is too deep to influence the subgrade moisture, the design moisture
may be close to the optimum moisture content. Referring to the Nomaograph in Fig. 2,
for insitu dry density of 1.68 gm/cc, GWT depth of 10 m Pl of 13 and average annual
-ainfall of 75 cm, the Equilibrium Molsture Content works out to about 11%. The optimum
moisture content of 12% being higher, the CBR value of 5§ may be taken for subgrade
strength,

3. pavement Thickness and Composition

Far cumulative ESAL applications of 78,660, referring to the Traffic calegory in the range
60000 to 1,00.000 and the Subgrade category of CBR 5 to B, in Fig. 4, any one of the
following two alternate designs may be adopted, based on cosl aconomics

al Using gravel base and sub-hase * A 275 mm Gravel Base should be provided
as per Fig. 4. However, considering minimum gravel base thickness of 100 mm,
balance 175 mm thickness can be converted to equivalent sub-base thickness
using Fig. 5 or Table 4 considering that a material of CBR 30% is available for
use as sub-base, equivalent sub-base thickness of 300 mm may be provided.
The specifications for & Gravel Road as per Clause 402 of the Specifications for
Rural Roads should be adopted.
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Using cement treated base and sub-base - A total thickness of 200 mm as per
Fig. 6 should be provided. Howsver, cement stabilized base may be of thickness
100 mm and the balance 100 mm thickness may be of cement treated sub-base,
The specifications for a cement stabilized base and sub-base, as per Clause 404
of the Specification for Rural Roads should be adopted.

(The amendments to this document will be published in its periodical,
'Indian Highways' which shall be considered as effective and as part of
the code/guidelines/manual, etc. from the date specified therein)

45




