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~-1.1 Cobesionless fill 

UK Depanment ofTrnnsport, Technical memorandum (Bridges) 81::': Jfi8 defines frictional fill as a material in which nu mou 
thn 10% of the material passes through 63 Lim BS sieve. Example of this material include crushed rock. river sand and graveL Follow­
ing material properties govem the selection of the cohcsionless fiJI : 

(i) Density 
(ii) Grading 

(iii) Uniformity coefficient 'Cu' 
(iv) Angle of internal friction under eiTective stress. 
(v) pH values 

(vi) Resistivity 
(vii) Coefficient of friction between fill and reinforcing elemenL 

In addition for metallic reinforcement chloride ion contenl.. !Otal sulphate content and Rado.'l potential also govern. The !\!in­
forced soil structure being gravity structures., density is directly used in design. The grndation is useful in selection of materi~!. In UK 
uniformity coefficient of cohesionless soil is specified as Cu<>-- 5 similarly(} should be <>-- 25". The pH. chloride ion, su!ph:ue r~.1istivity 
and Redoc potential an: associated with the durability of reinforcing material. Coefficient of friction between fill and reinfor,·i:•:: 
material is directly used in the design, 

3.1.2 Cohesive friction nu 

The above referred memorandum BE 3fl8 defines frictional nu as material with more than 10% passing 6Jp. BS ~ieve. In <~Jdi­
tion to the properties indicated in para 3.1.1 above, cohesion under effective stress condition C' adhesion between fill and reinforciq 
material under effective stress condition C,. liquid limit LL, plasticity Index PI and consolidation properties are useful in calculation 
of settlemenL 

3.1.3 The disadvantages of cohesive nils in vertically faced structures are (i) the bond between cohesive soil and strip reinforc.;r..c:nl 
is poor and subject to reduction if positive pore pressure develop, (ii) some clay minerals such as illite atceleratc: metal corrosion (iii) 
long term deformation may occur, (iv) comprehensive drainage arrangement may be required. However there an~ inswnccs of use pf 
cohesive fill. In reinforced embankment structures with fabric or geogrid as reinforcement. the cohesive soils can be used. 

3.1.4 Waste materials 

Mine waste materials have been used in reinforced soil. However, reinforcement formed from m:llerials which hav~ high corru­
sion and degregation resistance should be preferred. Proper drainage arrangement should be provided. 

No. RW/33014/1/88/NH-Std. JJated the 20rh JaTwo.1y. 19.118 

To, 

All Chief Engineers of States and Union Territories dealing with roHds. 

Subject: Guidelines for setting out of alignment, construction litnilS and achieving design c:rn!>iiukment pror.Je for high...-a)"S 

Most PWDs and other construction organisations for highways have some accepted p[l'X:•_'\:t•:-z f,n 
construction of earth embankments for highways with setting out of alignment, construction lim·~;, etc. 
Detailed instructions also exist in some of the relevant publications of the IRC and in the Specilic.'ltions 
for Road and Bridge Works of this Ministry. In a bid to recapitulate the exi.~ting i.nstructi(lJ\S to s<::rvt: as a 
guide to the field engineer engaged in actual supervision work, the same ha\o.! been collcc-teJ and l'r~pa.W 
in the form of guidelines for internal circulation to the field supervising slaff: A copy of the same- is 
enclosed for your use specially in the National Highway Projects. 

GUIDEliNES FOR SETT7NG OUT OF AliGNMENT. CONSI'RUCFION LlMJTS AND ACli/EVING DESEGN 
EMBANKMENT PROFELE FOR HEGHWAYS 

1. JnlrOduction 

Detailed guidelines already ~xist in dilicrcm publications of the Indian Roads Conjolress for selling out ol aJtgnmcnt and 
construction limits in the field The 'Manual for survey, Investigation and preparation of ro11d projects' ORC Special publica 
lion No. 19) and the 'Recommended prnctice for the construction of eanh embarikment fur roa•J works' {IRC : 36-1978) m;~y be 
referred tO in this connection. The book of Ministry"s Specifications for Road and 8ridge Wo)rLs also contain a S("paratc sub­
section (305.3) devoted to construction operation. For the convenience of the field olfm:l"5 oome of the relevant portions of the:se 



'I 

' t 
' ' 

406/31 

arc quote(! below for guidance. These inslructions cannoL however. be a "SUbstitulr 10 the derailed instructions contained in 
these publications and the field engineer is advised to always refer to the original publications in case of additional informa· 
tion and for guidance regarding other connected p<>ints. 

2. Selling Oul of Alignment 

2.1 Stoking Final Centre-Line 

2.1.1 First the working drawings a:-c prepared on lhe basis of what is called the 'linallocation survey· to layout the final centre-line 
of the road in Lht field based on the alignment selcc!ed in the design omce and to collect necessary data for the pn:parnlion of 
working tlrnwings. 

~.1.2 The two main operations involved in the survey are the staking O!lt of the final centre-line of the road by means of a con· 
tinuous transit (lheodoliic) survey and detailed levelling. 

2.1.J Tho: centr·c:-Jtne of the roaci, as determined in the dcsigr: office, is translated on the ground by means of a continuous ·transit 
survey and staking of the centre-line .liS the survey proceeds. All angles should be measured with a trnnsit theodolite. Double 
~versa! mcth('(( should be adopted at all horizontal intersection points (HIP) and at intermediate points of transit (POT} on 
long tangc:nts. The HIPs should be fi:oted on hubs dnven nush with the ground and suitably referenced so that they may be 
relocated readily. These should be serially numbered for easy identification. On long tangents.. the intennediate tro.nsit points 
(POTs) should also be fixed on tiubs in the case of new roads. and by means of spikes or nails driven into the pavement in ·the 
case of existing roads .lifter proper refe~ncing. Method of referencing HIPs & POTs will be more or less the same: as indicated 
in the sketches (Fig. I) for selling out construction limits 3ppcnded to those guidelines. 

2.1.4 The rcfen•nce points should be so located that these will not be disturbed during construction. Description and location of the 
reference points should be noted for reproduction on the final plan drnwings. Distance of the reference points should be 
measured along the horizontnl plane. Where the terrain is undulating. the distance is measured along the slope. the slope .Dogie 
determined with a theodolite, and the .Dctual horizontal projection calculated. 

2.1.5 All the curve points. namely the begianing of sp''"lll tr..msition curve (BS). beginning of circular curve (BC), end of cireul.Dr 
Cl:IVt' (BCl and the end of spiral trnnsilion (ES) st.ould be fixed and referenced in the some manner as for POTs described 
earlier. (For the procedure of setting curves. reference may be made to IRC: )8' Design Tables for Horizontal Curves for 
Highways.") 

2.1.6 The final centre-line of the road should be suitably slaked. Stakes should be fixed at 50 metre intervals in plain and rolling 
terrain. and 20 metre imervals in hilly terrain. The st.a~ .are intended.only for short p~riod for .taking levels of the ground 
along the centre·line and cross-sections with reference the~ta. In the case of eKi~ting ro;,ds paint marks may be used iustear;:. of 
stakes. 

2.1.1 Distance measurements along ltte final eentre-{ine should be continuous. following the horizonwl CUIVe!i "lliben: lhese occur. 

2.1.8 At rond crossings, the angles which the intersecting roads make with the final centre-line should !:>e measured with the help oLu 
trnnsit th~odolite. Similar measurements should be made .at r.i..itway level crossings. 

1.2 Proper Protl!Ciion of Points of Reference 

2.2.1 Among other things, field notes should gi\·e .a clear description and location of all lhe bench marks and reference poims. Thil: 
information should be trdnsferred to the plan drnwings. an to computer memory also when: facility for such stor.~ge exislS. StJ 
that at the time of construction the centre-line and the bench m.Drks cou.ld be located in the field without illlY difficulty. 

:!.2.2 At the time of execution. all constroction lines will be s.:l out and checked with refen:.oce to lhe final centie-line established 
during the final location suf\o"ey. It is import<~nl then:for.:, that not only all the points referencing the centre-line should be pro­
tected and preserved hut these are so fixed at site thatlhen: is little possibility of their being disturbed or removed till the con­
struction is completed. 

3. 

3.1 

Setting Out of Construction Limit~ 

As already dc!ocribed in the previous paragraphs as a first step to the slart of construction, the alignment of the road finalised 
shall be marked on the ground. 

J.l Centre-line and Reference Pegs 

J.J 

3.4 

On long tangc:m sections. points on trdnsit shall be fiXed at least every 500 metre in plain tcnain and 250 metre in rolling 
and hilly terraia. The ccnlre·linc pens in c:1.~e of points of transit muy preferably consist of concrete hubs driven flush with the 
ground. These point;; sh;:ll be rcl"crcn~rd by means of what arc called 'reference pegs' fixed normal to the centre-line of the 
road on either side at a Jist<II1CC of 20 tc 25 metre from the c~ntre-line peg so as to be in a position safe from intc:rfercnce by 
clearing or 01hcr earthwork oreraJions. It may ntso be ensured that the reference point~ do not fall within borrow areas, servict.• 
roads for construcJion triltlic 1;od their location so clearly marked that construction lramc or earthmoving machinl!ry do n.JI 
foul \lith t!t~m. R.:f.:rencc pegs ~hall consist of angle irons embedded in concrete or pennanent bench mark pillars of design 
<~r>ftroved hy the Engineer. 

Reference pegs shall he c\t;,hli~hcJ nn ~u~d sections .liS well where these may be located at a distance of 10 to I:! mclrc aM•Y 
from the <lpe.l r~'int.\ ot"thc" cun·c~ in e.~tension ol the tangent lines. 

Intt.'rm<'diat(.' pegs 

lnh:rrnediatc r~:o' .;!J.JJI he fi.\·:d along the centre-line of the road OTJC~ 1h.: points of transit ha~·e been e~tah:i,l,,·d. ·n1•: 

int.:rval he1w~.:n interm~<ti<lte peg.' may tw 50 metre on ~:raight st.'l;tior.s ar.J 20 metre on eul"\"l'S <~nd tr;~n~ilion spirnh. ir ,·a~c 
of road~ ~ituiltC<! in ;h,· ri:Jin or :•)i!in!% terrain. In hilly terrain. th:: :nt~rva\ hel\.\·een intermediate pegs should bt.· n·tliJ~ed to 21i 
:r.c11c on s:n.Ji~l,t ·.ct·tic"l' ;,wJ II) m,·tre on cun·c:.;. The,e pegs muy cunsi.~l simply of ~takes"tlriven in the ground. 

·---- _______ ,_ __ ._ .. 
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3.5 Batter pegs 

After intermediate pegs have been established. batter pegs marking lhc limits of !he embankment shall be fixed on both 
sides. Bauer pegs an: meant as guides for the plant when commencing lhe earthworks.. To ensure their safely. it will be desir­
able to fi" the pegs aboUI 0.5 to 1.0 metre (minimum 05m bul preferably hn) back from !he actu~llimil of !he fill and to paint 
them in a distinctive tolour. 

3.6 Sketches explaining the selling oul of control pegs for emb3nkment construction are given in Fig. Z appended to these guido· 
lines. 

4. Staking and Prome Making 

4.1 For most situations commonly mel wilh the conventional mc:hod of staking and profile making (dcscrihed subsequent paras 
4.1.1 ~o 4.1.4) shall pruve to be adequate. The arrangement of strings anJ sLakes followed in it <Jiso ensure the level of the loose 
fill and that of the compacted layer to a reasonable degree of aecur.ley along the entire cross-section anU the slOfl'C'i. The pro­
cedure is simple though a bit lime consuming and can be followed easily by the field starfwith gootl results. 

4.1.1 Marking of Alignment 

Fixing of the centre-line as per the approved drawing by means of a continuous lransit theodolite survey has already 
beer. mentioned in the previous paragraphs.. Sometimes small brick·pillar,;; (20 em X 20 em in cross-section ;mU I metre high 
on ground) are constructed in semi-permanent spe;:ificalions.. These arc placed only on one side of !he alignment ott 20 m to 25 
m (depending upon the availabilily ofland) away from the centre-line at200 metre interval. The pillars are so loc;ltcd tha: they 
do not foul with const.11clion tramc, earthmoving machinery or fall in areas eannarkcd for borrowing or e:tcavation. The road· 
side face of the pillar con1ains in legibly painted letters and numerals the relevant infonnalions pertaining to the point like 
chainage of the alignment at that point., the final levels of the subgradc !he road surface etc. and also details of crust composi· 
lion. In case comprehensive working drawing with details of cross-section arc available separately in book fonn for each sec­
lion construction of brick pillors are not essential 

4.1.2 Staking and Marking the Profile 

4.1.3 

4.1.3.2 

4.1.3.3 

-1.1.3.4 

4.l.J.5 

The profile marking work can be carried out at points along the a!ignment at an inteJYal not e:tceeding 20 m (for hilly 
terrain) to 50 m (for plain and rolling !errain). Two thin Sal hallah poles or bamboos may be tcmpor.uily emtledded intu the 
ground at the toe-points of embankment (with the help of the batter pegs) on both sides. The poles shall be painteU in altcrnntc 
yellow and black. shades of 15 em height For convenience of working the top of the poles may be kept at the same level with 
the help of a levelling instrument 

Sequence of Operation for Laying of Layers 

Sequence of operation for laying the first and the subsequent layers have been indicated _in the sketches (Fig 3.1 to 3.4) 
enclosed. The figures shown are illustrativt: for::. sides! ope of I : 2. Sketches for diiTcrcn\ side-slopes may be prepared on the 
same lines. 

First Layer 

A horizontal string S1 -~ may be tied at both ends to the poles P1 ·P2 at a height of one-and-a-half-rung (225 rum) ot 
the poles measured in the pole with the lower ground level at the point of embedment Lvos.c eanh may be laid in thc fnll 
width berwcen the poles up to the level of the string for the purpose of compaction. Compaction of eanh is to be enrricd uut 
as far as possible up to the edges of the laid eanh. 

Second Layer 

Subsequent layers of embankment shall not be placed until the layer under construction has been compactcd to the 
specified density. After the compaction of the finalayer bas been completed, two small wooden pegs (about 50 em lon!1) 
m~1y be fixed in the ground (in such a manner !hal they can• be taken out easily) at a distance of 30 em inside from pole 1'1 
and Pr A.~ in lhc case of the first layer the height of the horizontal string 51 and~ may now be increased by 215 em above 
the compacted first layer and loose canh may be laid for compaction in the width between the too small wooden pegs uptu 
the level of the string. The projections in the ends of the compacted layers may be cut by 30 em at the edges for making the 
~ide ~lopes after the construction of the embankment is completed. The e:ttrn quantity of eanhwork is involv~d shall not hc 
paid as it is a constructioned requirement to ensure the desired degree of compaction which otht:rv.isc is not possible to 
achieve by normal means of compaction. 

Subsequent Layers 

In subsequent layers the entire oper.ation shall be n:pc.ated in a similar manner by fi:ting string. l;;ying loosc layer 
and compacting. 

Achievement of uniformity in level in spreading of earth in !he longitudinal dircetion can be checked at n.·gul<~r 
intcrval of lime by longirudinal strings at dirfcrent points be!Ween lhe string profiles d.: scribed above. 

The method has been shown in the sketches in Figo> 3.1 to 3.4 appended to these guidelines. where thc broken lin,·, 
show the proposed final embankment and the firm lines show the layer ofloosc compar;tcd canhwork. 

Necessary modification has to he made in the procedure for the work, in which depending upon thc nature or 
n.atcrial and compaction equipment available. a different layer thickness bas been allowed by the Enb>inecr. 

Fin11l Ernhankmenl and Subgrade Layers 

In the final embankment layer i.e. the layer just below the subgrade and in the subgrade laycrcanhwork sh;,IJ b,· car· 
Lied our very carefully. In such cases the help of an additional small peg may be taken fi:ted at the centrc of !he cml-.Lnk· 
meot width for ilchieving the specified cross-fall (camber) requirement 
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In case of constroction of final embankment layer subgrade with super elevation the r.a\culated difference in level 
between the 1\\"0 edges of !he road has to be taken into account and suitable modification has to be made in string profile 
for the same. 

Both the compaction and the finish of the layer shall be strictly as per the specified requirement of subgrndc and the 
profile shall be checked with the template and shall be passed if within the specified tolcl"llnces. 

4-2 However, for certain situations where a J;ugc fleet of heavy equipment are in operation in close succession it may not be 
possible to keep the string in a taut condition for long and its use may be restricted to intermiucnt checking only. 

42.1 In such situiltions the usual method is to make a tempornry marking on the stake itself with the help of the levelling instru­
ment and the stuff indiCllting the level of the loose and the compacted layer and control the earthwork as per the same. In 
such cases the stakes !'{lay be put up at critical points (like meeting point of the back slope of the adjacent high ground, the 
point where the design prism of tho; embankment intersects the natur.il ground etc.) or at 10 metre intervdl aU along the 
cross-section. 

4.2.2 Depending upon their location and purpose such sLakes arc genernlly called work stakes, slope slakes or grnde slakes. 

The work sLakes an: laid first in the order of precedence. These indicate the location and difference in elevation 
(either by '+' or·-· sign or by 'P' or "C" prefix of the design grade of the embankment at that location with respect to the 
ground level. These are essential for commencing construction. 

In case of large embankments or excavations, it becomes difficult for the machinery to accurately fill or cut, main­
taining the desired slope without <.1 guide. Slope staking involves the placement of stakes along the slope at measured distan­
ces from the baseline and recording on them the required cut and fill amount for achieving the design profile. 

The grade sLakes are put up last ilftcr the rough design prism has been constructed by means of the work and slope 
stakes. The grade sLakes indicate the final profile and are placed at centre, on the shoulders/verge at intermediutc points if 
the cross-section width warr.lnls .>u.:h a provision and also ut side slope ends and ditch·poin!S which mark the change in 
slope. 

4.2.3 For staking nlong cross·section sometimes the top width of the proposed cross-section is extended by a couple of metres 
(depending upon the height of the fill) at both ends to cover the area of the sloped sides also. Mler the compaction tests are 
carried out by the prescribed method the slopes are cut on the sides. This, it is reported, ensures better compaction of edges 
of the embankment though involves extra earthwork, which is not to be paid extra as it is a methodology to ensun: desired 
degree of compaction at edges of the cmbankmcnL 

4-2.4 In such cases for achieving accurate side slope profile the slope is cut with the help of machines (autogradcrs etc.). If stnngs 
arc not being used for obtaining corrct:tside slopes. slope-templates may be got prepared (for the required slope profile) and 
used for the purpose of ch~cking. 

·1.2.5 For works involving very large qu~ntity of earthwork or design embankments with cut and fill balancing proposal an 
;~dditional category of ~lakes called "Haul Stakes' are provided. These are strips of small wooden boards placed at the top of 
stakes with arrow marh indicating the haul points. the direction of haul and fill. The haul slakes arc quite helpful for pro­
jcccts _i1wolving large ar.:as of eanhwork or multiple cut·and·fill for economy in material utilisation and completion of pro­
j ... -cts as per Jc~ign provisiun. 

J..] For most purposes the conv~ntional method described in pam 4.1 will be adequate and fool·proof. However for large work 
of more dynamic nature <Jeploying heavy mechanised fleet the method described in para ·4.2 may be adopted. This will 
however require more of illlcntiveness and sincerity on the part of the field staff who have to calculate, control and check 
the level achieved v.ith inmumcnts constuntly during the progress of the work. 
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