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4. Precautions 

The soil supporting the base o( the heave stakes should be reasonably firm, so as not to settle or 
move on its own or under the weight of the base of the heave stake. Care should be taken to ensure 
verticality of the heave stakes at the time of installation. The alignment of the top of the heave stakes 
should be made to conform striaght line using a theodolite as already mentioned, while the concrete 
at its base is still green. so that minor adjustments are possible. The disturb<mce of the heave stakes 
due to external causes, such as due to movemenr.s of machinery, men or animals should be guarded. 
Any unexpected or sudden changes in the position, inclination or level of the heave stakes should be 
promptly investigated to ascertain if this is due to eXternal disturbance or due to ground movements. 
In case of the /alter. the construction should be suspended inimediately until the mm•ement has stabilised and 
the matter reported to the Engineer in charge. 

No. RW/)4014/3/87-NH Std Dated the 28/29th Dt:.eember, 1987 

To, 

All Chief Engineers of States and Union Terri tones dealing with roads 

Subject : Reinforced soil structu~ for highways - Note on. 

With a view to introducing the subject of reinforced soil structures to highway engineers, this Ministry 
had earlier circulated a brief note under its letter No. RW/NHVI-67(9)/85 dated 12.12.85. As a follow-up to 
the same, a more detailed note has now been prepared on the subject which is enclosed herewith. The note 
touches on different aspects of the subject like its application, materials. procedures for design and con
struction etc. Since the technique holds promise of effecting savings in the usc of some of the traditional 
materials for construction and thereby in cost, it is hoped that this will be found to be useful to the 
highway engineers. 

A NOTE ON REINFORCED SOIL STRUCTURES FOR HIGHWAY WORKS 

Reinforced soil is a composite building material formed by reinforcing the soil wi!h strips of gcofabrics or nets to withstand the 
tensile forces generated in the n:::infon::ed soil structure. As shown in Fig. 2A 6A 11nd 7 ils main components are soiVbackfill materi<ll. 
reinforcement and facing. The facing prevenls the erosion of fLU material wherea5laternl deformation of c!!~~re soil m11ss is prevented 
by the reinforcement through lhc friction which developes between soil and reinforeem~n1. The principle can be understood by sim· 
~le hypothetical model as shown in fig. I. The action of vertical stress on an element in soil mass is to deform the element a'nd 
mobilise.<ln equalising horizontal s1rcss in the sunounding soil {Fig. lA). The magnitude of this horizontal stress is directly related to 
lateral e;o;pansion of elcmcnL Whcnlhe same element is rdnforced (Fig. lB) the interaction between soil and reinforcement creates a 
tensile rcstr.lining force in the: reinron:c:menL The reinforcement takes majority of !he horizontal confining stress and creates a stable 
mass of soil. 

L.. Application in Road and Bridge Works 

Reinforced soil can be used in bridge abutmenL Some such applie<~lions are shown in Fig. 2A. 28 & 2C. Reinforced eanh strue· 
tun: in these applications can be reinforced soil walls or a sloping embankment \Vith or without any additional pile support 

In embankment reinfo~c::nl can be placed to steepen side slope Fig. 3A. make the slope stable or to provide ve11ical 
embankment slope. In hill roads. and cut portion it can be used in substitution of retaining wall (Fig. JB). Reinforced soil structUre 
can be provided in the foundation of embankment where subsoil is ~ak to make the embankment stable (Fig. JC). 

Olher applic~lions can be wed of gcogrid in the embankment foundation. anchoring the wall. providing steppe~ highway 
structures (Fig. 38) and providing gabion support (Fig. 30). 

(fhe above illustrations do not cover all the areas of applications- the list can be very long.) 

3. Materials 

There are lhree basic 01alrrials rcqui.fal in construction of reinforced soil structure. They are (i) soil or r.tl Dlaferiallu) rein for· 
cement or anchor system and (i.i.J) a racing if necessary. In addition, other materials are required to cover associated elements such as 
fOundations., drainage and connc:cting clements, etc. 

3.1 Soil/Fill 

Usually well graded cohesion less fill is used in re-inforced soil or alternatively a good cohesive frictional fill can be used. 
Although purely cohesive: soil have been used with success, their usc is not common. The advantages of cohesionless fills are that they 
are stable. free draining and rclatilldy non corrossivc to reinforcing elemcnls. Mine waste and pulverised fuel ash can be used. 

1

1-Amendment to circular dated 12.12.1985
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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 


