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No. RW/NHVI-67(10)/85 Dated the 16rh October, 1985 

To. 

All Chief Engineers of Slates/Union Territories dealing with roads. 

Subjec:l : Rcc)'cling of lliiUmi<wus surfitcing - lmroduclion of the k-chniqnc of 

In many Uevcloped countries in the West the technique of pavement recycling is now being adopted 
on an increasing scale speci::l!ly in view of the all round need for economising on construction cost in 
highways and also for conservation of scarce resources. The world-over shortage in production and 
il\'ailability of Petroleum products in the seventies underlined the need for such an effort. 

Recycling: is rc-utilising-the aggregate and binder in the existing bituminous pavement requiring fresh 
renew<Jl or rehabilitation courses. This is achieved by milling the existing bituminous pavement wholly or 
partially and relaying it to the desired thickness after mixing the reclaimed rilaterial with suitable quan· 
tities of new aggregate and binder. if necessary. 

Now that we have in India a subslantial length of road pavement laid with high-quality bituminous 
surfacing of considerable age and many more road stretches are being laid with the same type it has been 
considered <lppropriate that we should also start introducing in our country the 'technique of recycling on a 
limited sc<Jle in order to familiarise ourselves with the different aspects of the technique and to gain ade
quate experience in actualle~ying in the field . 

., Broadly !ipeaking recycling is done in two we~ys: 

(a) In-place recycling; and 

(h) Recycling through ce1ural paving plant. 

In both the abovc--s-;liil methods recycling can be done by various combinations of cold/hot milling 
ilnd cold/hot mix. Tentative specifications for recycling bituminous surfacing have been prepared and are 
enclosed herewith along with <1 note. The onus of the soundness of the recycled pavement will of course 
rest with the Contractor and a suitable clause may be added in the contract for this purpose. 

3. lt is suggested to select at least one suitable introductory section where recycling can be carried out 
and forward the details of the section to the Ministry for final consideration. 

While selecting. it may please be ensu.rcd that the existing pavement does not need strengthening at 
least up to the expected life· of the rel<1id wearing course. This is with an idea that for the present the recycl
ing may be confined to bituminous wearing courses like asphaltic concrete, semi-dense carpet (over 
bituminous base course) only which because of ageing or for other reasons (like loss of the profile etc.) 
require to be renewed. With time. experience <tnd availability of appropriate equipment the technique can 
be extended to 01her bituminous pavement courses. 

4. It is further requested that your considered views on the subject of recycling including its tentative 
specifications and its applicability to the existing road systems in your State, with special reference to the 
National Highways-may please be forwarded to the_ Ministry. 

An early action in the matter will be very much appreciated. 
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BRIEF NOTE ON RECYCUNG OF BITUMINOUS SURFACINGS 

Over the past decade. there had been some effort among Engineers to recycle existing rood pavement requiring renew~ I or 
rehabilitation in a bid to re-utilisc the materials already locked in iL The Petroleum crisis in the seventies focussed serious [JUenLion 
on the subject among engineers in the developed countries, specially in Europe and in the North-American Continent Through !heir 
efforts over the years a number of suitable equipment and design procedures have been evolved and it can be said that recycling has 
'come to :Jge' there. 

-7_ The main advanmgcs or recycling can be briefly summarised as under: 

(i) Saving in consumption or fresh good qualifY aggregate and binder; 

(ii) Saving in energy- Less requirement of fresh aggregate and binder means saving in energy in their production and haulage. 

{iii) Col'fection to profile and rejUvenation of surfacing without increase in level of the road surface. Many minor yet vexatious pro-
blems like udjusuncnt of kerb, manhole height, inlet level adjustment for services and pipe lines etc. as encountered c~pc:cially 
on urban roads are avoided in this method. 

{iv) Prevention of damage to the environment caused by opening of new quarries etc. due to reduced demand of aggregate to an 
extenL 

(v) Saving in cosL 

It has been reponed that saving_~ upto 30% or so in cost can be achieved by resorting to rcqc:ling. 

3. Since we have in our country: 

(a) large areas where good quality aggregate is either sc:an::e and/or involve costly haulage and 

(b) numerous pavement stretches wl,ieh because of loss in profile or other reasons require rehabilitation it has been felttbatthe 
technology of recycling will be quite appropriate for application in c:enain siruations where the existing pavement is ade_quate 
and docs not need any strengthening but either the wearing course is showing signs of distress needing renewal or the pave
ment has lost its shape 
and needs profile correc:tio~: the existing pavement is showing signs of distress and streng1hening courses c:annot be dircc:tly 
ovcrh1id on it etc. 

4. Generally speaking. recycling c:an be of the following types : 

{a) In-place recycling and 

{b) Recycling through central paving plant 

In both the above cases recycling can be done by various combinations of cold/hot milling and culd/hot mix. 

5. In countries where recycling work has been carried out on a substantial scale certain design procedures have been evolved to 
facilitate recycling mix design and to dctenninc the type and quantities of fresh materials (aggregate and binder) required for usc in 
the mi.~. Bridly the process requires assessment of the grading and qu~ntity of th(i aggregates available from the existing pavement 
and the penetration/viscosity of the binder in the same and also the pcnetriltion/viscosity and the quantity of the fresh binder and 
grading and quantity of fresh aggregate to be used so that the resultant mix confonns to the specifications of the final required surfac
ing course. After the requirement of fresh binder and aggregate has been detcnnincd. the same arc mixed with the reclaimed milled" 
m;~teri<~ls ;md <I hot or cold mix is produced in an appropriate mixing planL In case of hot mix the plants selected should be capable 
of introducing and proc:cssing the reclaimed and fresh materials at difTcrcnttempcr.:uurcs. The specifications for the final mix arc to 
be guided by the standard specifications for the type of surfacing to be produced. The Standard Sp~>cifications for the relevant mix 
'-1111 also hold good for laying. rolling etc. of the mi:o;. 

Tentative Specifications for Recycling of Bituminous Surfacing (partial depth reclamation) -
Applicable to Wearing Course. 
J. Desc:riptions 

The work shall consist of reclaiming bituminous wearing course materials and reutilising the same after processing .:nd mod
ification by adding fresh aggregntc and bituminous binder. with or without softening agcnL The processing and modification can be 
either in-place or in a central paving planL The fresh mix shall confonn to the requirements of this specifications and shall be laid in 
conformity with the lines. grade and cross-sections shown on the approved drawings or as directed by the Engineer-in-charge. 

2. Scope 

:!.1 The n::cl:~m;uiun of the existing bituminous wearing course shall be n:soned to where the pav.:me_nt surface has either cracked 
due to fatigue or ageing. rullcd or contain fat patches and/or the road profile needs correction to improve riding quality. 

2.2 The rech1m:Hion of the existing bituminous wearing course may be for its full depth or partial depth depending on the site 
requirement. The site requirement m<t)' be :1ssessed visually and from the cores taken . 

., ~ Thc.-n:damation of the existing bituminous wearing course shall be done only where it has a minimum thickness of20 mm over 
a bituminous hasc ~:nurse or n1inimum 50 mm thickness. 

2.4 The pro~c's of rccl<tmatiun of 11·enring course essentially presumes that the underlying pavement courses have not suffered any 
.distri::ss and have adequate strength for the operating lo;u_b Juring the life span of the re-laid wearing course. 

· 2.5 The weari~g course finally provided shall he of the same type as that rccl:~imed. especially so in partial depth rcclam.:tion. 

2.6 The wearing course shall not be laid in more than 50 mm thickness in a single layer. 
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.t Materials 

.ll Fresh Binder 

Thc grade of the fresh hinder to he used for I he hituminou~ mi:o. shall he as Uircctcd by the Engineer-in-charge and shall con
form 10 I he rdcv;mtlmJinn St;mdard. 

The softening agent if used. shall he got <lpprm·cd from the Enginccr-ln-ch;trg<:. 

J.2 Aggrcgarcs 

J.:U Fresh aggreggatcs 

The fresh ag~,;reg;ucs to he adUcd shall consist of crushed stone. cru~hcd j!nm:l (shingle) or other s!Oncs.. They should he cleaned. 
strong. :Jurahk tlry ;md free of disintcgcr;ucd pieces. organic or other Uclctcrious maucr a mJ ;u.lhcn:nt coating. As regards I he physi
cal n!quircmcnls of coarse aggregates. fine aggregates etc. the requirements set forth in 1hc ciHuscs of the specifications for roaUs and 
brhJgcs (MOST. RW) for the relevant hituminous '''e<~ring course ~hilll hold ~;ood. The·ir tJUantit:uive requirement and gradntion shnll 
he• ;Ls per the requirement of design mix, 

J.~.:! Reclaimed bituminous wearing course mnterials 

Reclaimed bituminous we:Lring course mnterinls comprising of aggrega1Cs and binder from the existing bituminous wearing 
course sh:Lll be used after being tested ami in a manner :md in qunntities ns directed by the Engineer-in-charge. 

JJ Reclaiming Bituminous Wearing"Coursc to full/partial Depth 

3.3.1 Preparation of surface 

Prior ro milling. the c:~:isting pavement surface shill! he cleaned oiT all dus~ dirt and other extraneous materitls. 

J.J.2 Description 

The e:~:isting bituminous wearing course will be reclaimed to full or portia! depth. as directed by the• Enginccr-in-chnrge. The 
milled mmerial for usc in recyded bituminous course shall be handled in accordance with th..: requirements indicated in the follow
ing par.Jgraphs unless specified otherwise. 

3.3.3 Construction operation 

3.3.3.1 Reclaiming equipment 

Equipment for full or par!iul removal of eJ~;isting bituminous wearing course shall be of adequate capacity and design for hoi/ 
cold milling work. It shall be c;1puble of ;tecurmc depth of cu~ profile and cro~s-slopcs. Automatic gwde ilnd slope control fncility 
should be available. 

The culling head shall be capable of tnilliLll:l any specified proportion of the total bituminous weanng course in one or more 
passes. 

In the case of hot milling process adequate arrangement scale be there to ensure that direct heat is not applied to the pavement. 

Where recycling is to be done v.ith central paving plant the milled material shall be directly deposited in the hauling equipment 
from th..: milling machine or loaded from the windrow of milled material where approved hy tbe Engineer-in-charge and sha11 be 
hauled directly to tbe stockpile or the central puving plant 

Allloos..: materials or fines resulting from the mi11ing opemtioos shall be r~moved from the mi11ed surface and co11cetcd in the 
h(wling equipment for rcu~e. 

3.3.3.2 Reclaiming operation 

Ellisting bimminous wearing course sha11 be rem1_wed to th~ specified depth und to lines and grades as shown in the approved 
drawing for the work or as directed by the Engineer-in-charge. 

The work of milling sha11 not be lcfl in partial width of the pa~-emenl associnted with the movement of trnffic in one panicular 
di!\!elion at the end of the woi"king day. 

The mi11ed ilnd 1he unmilled surfaces shall have junction with smooth transition with the longitudinal grade not steeper than 
in 40. 

Milling opcriltion is to be coordinated with the paving operation so that large length of milled surface do not remain unpa\'Cd 
for long. When rc::cl:~imin[!. is to be done in short or intermillent stretches. as in the case of a repair work. rcpuving should preferably 
be carried om the same day. 

Care is to be taken to can)" om milling operalion withoutteuring or breaking the underlying or adjacent pavement. 

A.~ already indicated in para 3.3.3.1 all mi11ed materials and fines remaining in the resulwnt milled surface shall be swept clean 
nod materials deposited in the h(Luling truck. This cleaning operation sha11 follow the milling 1r.1in immcdiatclv <Lnrl not more than 
100 m_etres behind. 

'·Any deficiency in the milled surfnce occurring as a result of milling operdtion shall be promptly repaired. The milled surface 
mil)' be opened to traffic at the c~<~ of the working day. when permined by the Enginecr-in·c~argc. after inspecting the surface for any 
traffic hazard and removing the same and carrying out any rcp:tirs. if necessary. 

Contaminmion of the reclaimed hituminous wearing course material with granular or other dclelerious malerials shall be 
avoided. 
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3.3.3.3 Materials 

The recloimcd biluminous wearing cour>~ m;Ltai;LI shull coniOrm llllhc lilllnwing: gradation, 

Sie•·e desigmuirm 
100 lnm 

P,•r rt'l!l hy "'<'i.•dll pll.~•ing Ill<' ,·it·•·•• 
I(MJ 

80 mm 'j<)-]()11 

40 mm '15-Hlll 

When the milled materials do not confonn to the above gradation further crushing has to be done till the specified grading is 
obtained. 

3.3.3.4 Stockpiling of milled materiols 

Unless othcrnise directed the stockpile site shall he approved by the Enginccr-in-chmgc. Within the site. the stockpile b11se shall 
be fixed preferably on the highest ground ensuring surfilcC drainage away from the base. 

The stockpile base shall be prepared with brick/stondlcan concrete and shall be of adequate dimensions 10 accommodate the 
ma:o;imum expected volume of milled ma!erial required 10 he handled in a· given lime. 

The milled male rial shall be arranged in •• slockpile by a o;onvcyor belt No equipment shall he pcrmiucd 10 work on !he slock
pile and every care should be !a ken. no! lo compac1 or displace !he slored ma1crial any further. The free f;11l heigh! of !he conveyor 
bell 10 1he stockpile should be minimum and no! more than 2 melre at any 1ime. The total.height of 1he s!ockpile should not a! any 
time be more than 25 metre. 

jJ.4 Mix Design 

The final mix shall conform 10 1he grnding. binder content. and qu••lity rcquircmcn!s of the rclcwn1 ll"carint: course to be laid. 
The specification of !he end produc1 shall be as per !he rclcvanl clause of specification for the wearing wursc l<~~piHLllic concrclc or 
.semi-dense carpel as the case may be). 

The pro<::cdure 10 be followed for 1hc same is briclly ou1lincd helow: 

(a) Obtain rcprescnmth·e samples from !he wearing cour,;c lob:: recycled in the form of cores. At least 1wo cores (abou! 150 mm 
dia.) may be taken from the existing surface on a r.~ndom basis for every 2.000 sqm. area of pavement. This requirement could 
be increased in case of appreciable variation. The decision of !he Engineer-in-charge will be hinding. Scpari!IC S<implcs should 
be collccled for each lane of repaving. If the bilumen percentage or the aggregale grading or density varies appn:ci.1hly from 
one lane to another, separate design of mix may be prepared for each lane. The dcplh of core sample should he atle;Lsl equal 
to the proposed depth of reclama1ion. 

(b) Can)· outlhc following laboratory tests on the e;.;tr.~clcd aggregates and hinder of the wearing course to he reclaimed. E.\lrac-
tion can be done with any st<Jndard solvcnl used for 1hc purpose: 

{i) GrJdation. specific gr<~vity nml AIV lest of !he reclaim~'(! a~rega1e: 

{ii) PenetrJtion and viscosity of the reclaimed himlcr: 

(iii) Repeat penetration and viscosity test for the rccl<Jimcd hinder after mixing it wilh di!Tcrcnt pen;entage of fn;~h 
bituminous binder of a suitable grade 10 result in lhe final required gnu.le in the mi;.;cd bimlcr: 

(iv) Mix trial perecnlagc of fresh aggregales and reclaimed iLggregales with the blended hinder: 

(v) Carry out Marshall"s slabilicy lest on the mixed material to sec if it conforms lo the design requirement: 

(vi) Finally arrive <11 a design mix formula. 

3.3.5 Equipment 

3.3.5.1 For the cen!ral paving ph•nt suimblc hot mix planl~ of adequate capacity and capable of hot mixing recl;~imed ma!Cri;,l and 
fresh aggregates and binder shall be used. The plant shall conlain facility for heating the reclaimed materials wilhout damage 10 !he 
old binder and without undue pollution of 1he environment Arrangement for indirect heating of reclaimed ma1erial shall be .:nsured. 

The plan! may either he of continuous drum type or of batch type with necessary modificalion. having coordinated set of essen· 
tial uniL~ such as dryer for heating.. device for gruding and hatching (in any sp~"<:ificd reclaimed/fresh material ro~tio)- f~-eding by 
weight with required quantities of aggregate. a binder heating and control unit for metering out the correct quuntily of aggregate and 
healed binder together with a paddle mixer for intimate mixing of !he binder and uggregatcs. 

Mi~ing shall be thorough to ensure that a homogeneous mixture is obwined in which all particles of the minerals aggregates arc 
co:llcd uniformly. 

The mix shall be transported from the mixing plan! to the roint of usc in suitable vehicles. The vehicles employed for transpor1 
shall be cleun and be covered over in transit if so directed by the Engineer-in-charge. 

Mix tmnsportcd from the hoi mh pl:mtto !he site shall be spread by mc<~ns of sclf·rropelled mechanical paver with suitable 
screeds capable of spreading. Iamping and finishing the mix true to specified grm.lc, lines and cross-scc!ions. The paver should pre
fcr:~bly have an arrangement for autogradc and camber control. 

Longitudinal joints and edges shall be constructed true to the delineating lines p<Lri!llel to the central-line of the road. Lon
gitudinal joints shu11 be o!Tset by atlcasl !50 mm from !hose in the binler cdersc. All joinL~ shall be o!Tsel by atleast 150 mm from 
those in the hinter course. All joints shall be cut vertical to !he full 1hickncss 10 the previously laid mix and the surface pain1cd with 
hot bitumen before placing fresh material. 
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In case of hot process. the main joint with the existing surface shall also be preheated before laying the mill so that it is 
thoroughly jointed The material leO on \he joints after repaving shall lx: simullaneously cleaned and levelled. 

3.3.5.2 In the case of in-place processing \he set of equipment shall consist of a remixer with a hopper for storage of fresh material. 
with tonveyor belt of variable s()CCd, bitumen storage Lank with arr.:~ngement for heating and controlled pumping and a pug mill. The 
system must have arrangement to transport milled material directly to pug mill by conveyor belt or any other sui1.11blc device. 
Similarly it should be equipped with a UOJnsport device for feeding rcc:yclc miJi directly into the hopper of the paver finisher. 

33.6 Rolling 

Immediately after the spreading of mi:t by paver, it shall be thoroughly compacted by rolling with a set of rollers moving at a 
speed not exceeding 5 km per hour. The initial or break-down rolling shall be with 8-12 tonne three wheel roller and the surface 
finished by final rolling with 8-10 tonne tandem rollers or suitable pneumatic rollers. 

The wheels of roller shall be kept moist to prevent the mix from adhering to !hem but in no case shall fuel lubricating oil be 
used for this purpose. Rolling shall wmmence longitudinally from the edges and progreSs towards the centre c;o;cept that on 
superelevatcd ponions it shall progress from the lower to upper edge parallel to the centre-line of the pavcmenL The roller shall pro
ceed on the fresh material with rear of fi;o;cd wheel leading so as to minimise the pushing of the mix and each pass of the roller unifor
mly overlap not less than one third of the track made in the preceding pass. Rolling shall be continued till the density achieved is at 
least 95% of that of the laboratory Marshall specimen and all roller marks arc eliminated. 

3.~.7 Opening to trnffic 

Trame may be allowed immediately after completion of the final rolling when the mix has cooled down to the surroundinp 
temper.uurc. 

3.3.8 Surface finish and quality co~lrol of work 

The surface finish of construction shall confonn to the requirements of Clause 901 of MOT Specification for Roads & Bridges. 

Control on the quality of materials 11nd works shall be e;o;ercised by the Engincer·in·charge in accordance with Clause 902 of 
MOT Specification for Roads & Bridges. 

3.3.9 Arrnngemcnts for traffic 

The provisions of Clause 105 of MOT Specification for Roads & Bridges shall apply as regards the now of traffic during 
construction. 

3.3.10 Measurements for pavement 

For purposes of payment the work shali be measured as under: It shall be paid separately for cnch sub item. All incidental 
charges arc supposed to be inclusive in the rate of the sub item. 

3.3.10.1 Recycling through centrnl paving plant 

(i) The milled materialshall be paid by weight The rate shall be inclusive of cleaning of pavement surface, milling, loading 
and unloading in haulage trucks and sweeping of the milled surface. The lransponation from site to the stockpile shall 
be paid in addition as per usual schedule rates: 

{ii) Supply of fresh aggregate and bitumen at stockpile site; the measurement for this should be as per usual practice i.e. by 
volume in case of aggregate and by weight in case of binder: 

(iii) Complete item of processing of bituminous mix an~ laying it at site including spreading by paver and rolling and 
haulage to site in tipper trucks etc. all complete will be paid by weight, measured while collecting in the haulage truck. 

3.3.10.2 In·place recycling 

(i) The milled material shall be paid by volume (m1
). The volume shall be ascenained through representative cores taken 

for this purpose prior to milling in place. 

(ii) Complete item of processing of bituminous mix and laying at site including rolling will be paid by volume (m1 ). The 
Volume shall be ascenained through representative cores taken for this purpose after the repaving operation. 

(iii) The quantities of fresh aggregate and binder shall be arrived at from the design mix and measurements in (i) & (ii) and 
shall be paid by volume for fresh aggregate and by weight for fresh binder. 

Terminology for Pavement Recycling Work 

Pavement Recycling 

The tenn pavement recycling implies reuse of the existing pavement materials after retrieving and processing the same with or 
without addition of fresh materials. 

Bituminous Surfacing Recycling 

A process wherein bituminous pavement materials arc rctricwd ;md processed either in a central paving plant or in-place in an 
a"ppropriate plant to which fresh aggregate and binder may he addetl with or without a softening agent to meet the specifications 
required for the resultant mix and then paver laid. 

Reclaimed Bituminous Pavement Matcriuls 

Existing pavement materials <~ggregates and binder. which have been retrieved for being utilised in recycling. 
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Fresh Aggregates 

The additional aggregates other than those retrieved from the existing pavement and used in recycling in combination with 
reclaimed billlminous pavement aggregates. " 

Fresh Binder 

The additional binder other than that retrieved from the existing pavement and used in recycling in combination with reclaimed 
biiUminous pavcmcm binder. 

Partial Depth Reclamation 

The reclamation of the existing pavement restricted to a limite~ depth of the bituminous course through milling. 

Full Depth Reclamation 

The reclamation of the existing pavement carried out in full depth of the bituminos c:ourse through appropriate mechanical 
cquipmeQL 

Cold Millint 

The process using equipment with hard-sled cuning teeth operated with a rotary which can grddually retrieve existing pavement 
in ambient temperature upto specified depths. 

Hot Milling 

Milling process carried out after softening the bituminous pavement by indirect heating. 

Central Paving Plant 

Arrangement for producing mi:o;cd materials of coarse and fine aggregates along with bituminous binder in a centrally set up 
plant with stockpiles of material. The mi:o; is tr.msponcd to work site in suitable haulage trucks and paver-laid. 

RW/NHVI-50(43)/85 Dated the 8th November. 1985 

Subject: Tentative Specilieations for Dense Bituminous Macadam as Bimminous Surfacing. 

See IRC: 94-1986 "Specifications for Dense Bituminous Macadam·· 

RW/NHV!-50(43)/85 Dated the 12th August. 1986 

Subject; Tentative specilications for Dense Bituminous Macadam as Bituminous Surfacing 

See IRC: 94-1986 "Specification for Dense Bituminous Macadam". 

No. RW/NHVI-86(9)/85 Dated the 15th November. 1985 

To 
All Chief Engineers of States/Union Territories' dealing with roads 

Subject ; Introduction of the technique of wet mi:o; macadam 

In our country, by and large. the principal component of the road pavement is still the water bound 
macadam which forms the base and/or sub-base course of the pavement structure and because of the 
economy achieved in construction it may continue to be so for quite some time. Therefore, any new techni
que· which can improve the method of construction as well as performance of the water bound macadam is 
always welcome. Among the various improvemen!s suggested and also practised in many countries. the wet 
mix macadam is a popular one. 


