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tion for the pavement surface would be to construct a cement concrete pavement rather than bituminous 
pavement. 

2. ll is requested that suitable instructions may please be issued to the field staff in this regard. 

No. RW/RD/R-25(1)/81-NHVI Dared the 17th December, 1986 

To. 

All Chief Engineers of States and Union Territories dealing with Roads 

Subject; Cin;:u]arion of selected Cllll<lcts from the literature survey and the State of the An Reporl for selection of field compaction 
equipment and compaCtion procedures relevant to Indian conditions. 

Compaction is one of the principal means available to the Highway Engineers for substantially 
increasing the strength of material used in construction of roads. Since the need for mobilising and retain
tog the strength of material has always remained a key point in the technique of highway construction, the 
interest in different compaction techniques, equipment and compaction characteristics of materials is 
almost never ending. All developed countries and many developing countries spent a large sum of money 
on research in this direction. In the past the Indian Roads Congress had brought out a State of the Art 
Report on a similar subject in 1978 i.e. Special Report No. 3, IRC-36. Since then a large number of new 
sophisticated equipments have been added to the list of compaction machineries and new information and 
.research data are alsu <tVailabre. This Ministry had, therefore, sponsored a researCh scheme R-25 for selec· 
tion of field compaction equipments and compaction procedures relevant to Indian conditions. The first 
phase of the work which consists of literature survey and preparation of a State of the Art Report has been 
completed by the Indian Institute of Technology, Kharagpur under the guidance of Dr. C. Subbarao and 
Dr. A.N.R Char. 

2. The report is at present under consideration of .the Planning and Implementation Group for this 
Research Scheme and the Ministry is also trying to get the same published for wider circulation among 
practising engineers. Meanwhile, some relevant extracts from the report are enclosed for advance informa
tion and general guidance. It is hoped that these will be found useful to field engineers engaged in con
struction of highways. 

Encl to letter No. RW/RD/R-25(1)/81-NHVI dated the 17th December. 1986. 

EXTRACTS FROM THI:. STATE OF REPORT ON MINISTRY'S R&D SCHEME NO. 25 SELEcnON OF FJELD COM· 
PACTION EQUIPMENT AND COMPACTION PROCEDURES FOR SANDS RELEVANT TO INDIAN CONDmONS 

PREPARED BY 

DR. C. SUBBA RAO & DR AN.R CHAR 

DEPARTMENT OF CIVIL ENGINEERING, 
INDIAN INSTITUTE OF TECHNOLOGY, 

KHARAGPUR 

7. COMPACTION PROCEDURES FOR SANDS 

7.1 Experience in India 

7.Ll A study by UJisen and Toubro 

Poorly graded sand 

A.study on techno-economic viability of vibratory roller was carried out by M/s Lursen & Toubro Ltd. The experiments on soil 
compaction on an embankment were carried out with 10 T stallc roller and 8.5 T vibratory roller (Model IT 900. Rer. Appendix A-II, 
Item 2). The compaclive performance of the two rollers is given in Table 7.1. 

The 8.5 T vibratory roller could give 100 per cent standard proctor compaction with 4 passes on 30 em thick layer of poorly 
graded r..and.(BP) whereas the 10 T static roller could attain only 95% compaction after 8 pilsses. with 20 em thickness of the poorly 
graded sand. 
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By using vibratory roller \00 per tent compaction was obtained even at moisture contcru ± 5 percent from the oplimum mois
ture content whereas while using non vibratory roller the optimum moisture con\cnt was required to achiC\'C acceptable level of com
paction. Vibratory roller could not be used effectively for compaction of poorly grdded sand, however. this problem was overcome by 
blending 10 percent soil with sand. This aspect will be discussed later in section 7.2 <1nd 7.3. 

7.1.2 A study by IAAI 

Chief Engineer. International Airport Authority of India has given data on number of passes required w ;n:hicn: 95% Jnodified 
MSHO compaction on different Types of soils with 8 tonncs and 6 tonnes vibrutory rollers. T11hlcs 7.2. l"rcqucn~y 1 ~00 vihr/min. and 
amplitude 1,2 mm. For a sand (OMC modified AASHO, 7 per cenl). the 8 tonnes roller required 3 pu5scs to compact JO ..:m thick layer 
and the 6 tonnes roller required 4 posses to compact a 20 em thick layer. 

7.1.3 A study from To.mil Nadu 

Natarajan studied the perfonnance of different Types of rollers in compacting different types of soils in Tamil Nadu. Table 7.3 
gives the properties of the soils. A comparison of the pcrfonnance of a 8·10 ton roller. 4 ton tandom rollers and 5 ton vibratory roller 
on a silty 5and and a clayey sand are made in Tables 7.4 and 1.5. Thickness of loose layer ofsoil225 mm. 

While it was not possible to compact silty sand (Table 7.4) with 8·10 T conventional (static) roller. the 4 T tandem roller and 5 T 
vibratory roller were able to achieve more than 100 per cent compaction (Proctor standard) at 4 passes. They are therefore more suit· 
able th<~n a conventional three wheeled 8-10 Troller. 

On clayey sand (Table 7.S) even though none of the three rollers used were able to achieve 100 per cent compaction the 8-10 T 
roller and 4 T tandem rollers "'-ere found to be more suitable than the 5 T \ibratory roller. since compaction was 97 per cent. with 4 T 
tandem roller and 98 per cent with 8-lOT three wheeled roller afier8 passes. 

It may be noted that the light weight of4 T tandom roller and S T vibratory roller were adequate for compacting a cohesionless 
soil, silty sand (PI= 0), where 35 higherweigh!S are indicated for bcucr resul15 on soils with cohesion, i.e. clayey sand (PI= 6). 

7.1.4 Experience in Rajasthan 

Fine dune sand 

Soil compaction dam received from Shri M.C. Shanna, Chief Engineer (Roads), PWD Rajasthan is given in Appcndtx A-IV. 
The dam pertains to compaction or fine dune sand To obtain more than 95' per cent compaction, 5 to 6 passes of tractor tyring and 6 
to 8 passes of 8-10 T smooth wheel roller were required to compact this sandy soil at optimum moisture content A pneumatic tyred 
roller was not found suitnblc for the compaction of road embankment as its turning for forwai:d and backward movement posed pro· 
blems. For another soil, a sandy clay·Joam, S to 6 passes of tapered sl:eepfoot roller ond 6 to 8 passes of smooth-wheeled roller were 
required. 

1.1 Experiences Abroad 

.7.2.1 A Study by D'Appolonia et al 

Poorly graded sand 

Full scale experiments for sand compaction by vibratory rollers for a land reclamation project in USA were reponed by O'AP
POLONIA et al. Poorly graded fine sand (mean particle size 0.18 mm) was compacted at fill moisture content. 3.3 to 4.1 per cent 
(Degree of satura"tion 15 per cent), by 6 ton towed vibratory roller, 2 feet thick lif!S could be compacted to give 75 per cent relative den· 
sity. However, 1.5 feet (0.55 m) thickness was recommeitded. It was observed that top 6 to 12 inches (15 to 30 ems) of each layer was 
poorly compacted. However, this was not a set back as this poorly compacted top would be densified enough when ncJitlayer is com
pacted. Speed of roller 3 km/hr. 

7.2.2 Austrulian Experience 

The performance of a IS T vi.br.uory roller is compared with that of a 200 T super compactor (smtic roller) in Table 7.6. 
Medium size Botony sand of maximum dry density 1.76 gm/cm1 was equally well compacted by both the machines :JS shown by the 
density gradient in the Table 7.6. However, the vibratory roller was much more efficient. gave higher output and was economical. 

7.2.3 TRRL, UK, Experiment.s 

Toombs describes an investigation into the perfonnance of a caterpillar 17 T self propelled tamping roller in the compaction of 
a heavy clay, a sandy clay, a well graded sand. a gravel-sand-clay and a uniformly graded fine sand. The results show that a satisfac· 
tory state of compaction is likely to be achieved after 4 to 1 passes on 250 mm thick compacted layers of the cohesive soils and the 
uniformly graded fine sand at a roller speed of2.S km/h. With the cohesive soil and well-graded granular soils the thickness of "loose 
mulch~ at the surface of the compacted layer tended to decrease with successive passes of the tamping roller. However, with the 
uniformly graded fine sand. the feet completely penetrated the soil at all stages of the compaction process. 

Sometimes the site conditions Wai'Tllnt compaction in stages., fust by a tracklaying tractor and then by a roller. This is pur· 
ticularly applicable for poorly graded sand with a low bearing capacity. Light vibratory equipment, with smaller outputs, such as plate 
compactors and vibrating tampers. have been found suimble to compact unifonnly graded sands, whereas power rammers are unsuit
able to compact unifonn sands. 

1.1· Difficulties in Compacting Poorly Grodcd Sands 

Data in this section, so far, show that poorly graded fine sands and unifonnly graded fine sands are difficult material to com
. pacL FORSSBLAO observes that, on uniformly graded sand, it is difficult to obtain a high degree of compaction close to the ~urface 
of a lay~r. Down to a depth of 10 to 15 ems., the compaction achieved with medium or heavy vibratory or st3tic rollers is lower than at 
greater depths. The reason is the low shear strength of the unifonnly graded soils. Materia1 is pl'cssed up bebind the roller drum and 
the surface layer theft obtains a comparatively low density. ln practice this is usually not of great significance. When a fill is placed in 
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several layers. the previous lop layer is compacted when the next layer is rolled. However. the Uifficulty of compacting the surface 
layer should be kept in minll. when performing field compaction tesl.'i. 

7.'1 Dry Compaction 

Many areas of the world have a semi-arid or arid climate. where water is often both difficult and expensive to supply. In de sen 
regions. where sandy soils dominate. dry compaction is a method that is both technically and economically advantageous. In recent 
years sever.:~ I organisations. the United Nations bevelopmcnt Progrnmmc among others, have studied this subjccL 

Efficient compaction of water saturated soils is possible for soils containing less than 5 to 10 per cent of sill (Ref Section I). Dry 
compaction allows a higher conlcnt of silt, which in this case should be less then 20 to 30 per cenL 

On the basis of the laboratory test rcsulls, the Dynapae Research Department also performed full·scale compaction tests using 
a 13S kg CM 13 vibratory plate compactor lind a 10 ton CA 25 self-propelled vibratory roller. In both cases compaction was performed 
on sand: 

A. With a water content between a dry and saturated state 

B. Completely water saturated 

C. Completclydry 

A!; expcch:d. the completely water saturated sand was compacted to a higher density than the sand with lliower watCr contenL 
More unexpected was the finding that compaction in a completely dry swtc, gave the highest dry densi!y, both at the surface >~nd at 
depth. The diagrams. Fig. 7.1 and 72 also indicate that the layer thickness can be incre<Jscd for dry compaction which, coupled with 
the fact that watering is not necessary, can result in considcr.~ble cost savings. 

The compactability can. however. be innuenced by other factors than the content of fines expressed in per cenL One factor can 
be the presence of small amounts of active fine-grained material that binds the sand particles together ("cemented" types of soil). The 
presence of soluble salts in the sand can also result in a higher densily at compaction at the optimum water content than at dry com· 
paction. Fig. 7.3. The reason is that the salts are dissolved in water. 

The uecision whether a certain sand is suitable for dry compaction must therefore be decided from case to case. on the basis of 
compaction tests performed at different w.~ter contents. The laboratory tests should be made by vibratory compaction. 

Possible alternatives are: 

Vibrating table method developed by the U.S. Bureau ofRecl11mation. design11tion E-12 and also nominated as ASTM D 2049. 

Vibrating tamper method developed by Dynapac. apparatus type TE 10. 

Yibrnting hammer method developed by the Transport and Road Research Laboratory, nominated as British Standard, BS 
1377. Test 13. 

Test method developed by the United Nations Development Programme, using a Cobra drilling machine, Fig. 7.4. 

This method is especially suited to field conditions. 

For further details of the lest procedures, sec. Section 2. 

Practical Experience 

Practical experience has confirmed the results of the related compaction tests. Dynapac 10 ton self-propelled vibratory rollers 
with pneumatic drive wheels as well as tow type vibratory rollers have been used with very good results on highway construction pro· 
jc:cts in hot and dry climate condirions. Uniformly graded dry sand has been effecrively compacted In layer thickness up to 1.0 m. 
Degrees of compaction up to 100 per cent modified Proctor have been achieved in the upper section of the fill. TheCA 25 D. with 
drive on both wheels and drum. was found to have a good traction, even on uniformly graded sand. A driven vibrating roller drum 
also gives a somewhat higher density than a non·driven drum with the same linear load, frequency and amplitude. 

Quire often sand may contain a certain amount ofw.:uer, even very ncar the surface. In such cases, it is sometimes possible to 
dry rhe material in the sun. 

The Italian contractor Furlanis Construzioni Gencrnli S.PA used CA 25 vibratory rollers for dry compaction of uniformly 
graded fine-sand (O.S mm) in 0.3 to O.S m layers in a highWlly construction projccr in Saudi Arabia. A relative density of70 per cent 
was required, which is equivalent to about 95 per ccnr modified Proctor. 

Comprehensive investigations of rhe compaction of dry soi~ to start with in connection with the construction ofTr.ms-Sahara 
highway, have been conducted by the United Nations Development Programme. A detailed report of compaction tests performed in 
Gao. Afric;~ Is published. 

After initial investigations, a 2 km long test section was laid. A 200 to .)\1(1 mm thick base course consisting of laterite with 20 
per cent of the soil passing through sieve No. 200 and with water contents between 1.5 and 4 per cent was C!?mpactcd using the follow
ing schedule: 

8 ~_asses using a Dynapa:: CA 25 D. large amplitude 

2'passes using a Dynapac CA 25 D. small <lmplitude 

2 runs with a water tnnkcr, distribution 41itrcs/m 2 

8 passes using 11 lightwdght pneumatic·tyred roller 

2 p11sses usiug a Dynapnc CA 25 D, staric. 



406/10 

An avcwgc degree of compaction of 95.5 per cent modified Proctor wo1s achieved. It was found to he dd\'~nmgcous to usc il 

large amplitude in respect of the compaction of low.:r pnns of tho! base course whik compaction nea~r the surface was betlcr using a 
small amplitude. A double surfa'c trcatmcm W<lS laid as surf;IC<: cnursc. 

Conclusions 

Laboratory tests and practical cxpL·rkncc ha\'c ~·hown tlwl to achiL:VL' the most effective result at <II)' comraction. the water 
content should not exceed 1.0 to 1.5 per cent. Not as goml. but still acceptable compaction resulls hiliC hccn obtained at water )CO· 
tents up to about 5 per ccnL 

An important factor to be conskkrcJ is the possible effect of a smnll amount of fine-grained particles which bind the particles 
together. The pos5iblc effect of soluble salts must also be considered. 

Lnboratory compaction tcsl5 by vibration on the fill mmcri~• I an: n:commendcd before dry compaction of sand is aucmpted on 
a large scale in field. 

Sp~cial caution is necessary in the application of dry compaction for fills which later can be w;uer saturated, for example fills 
under building_~ where watering of gardens and leakage from water and sewage conduil5 will cause w;ucr infiltration of the ground. 

It is noted that sand with watercontent3.3 to 4.2 percent was compacted in USA (SL"t:. 7.2.1). 

·7.5 Confinement of Sand, Use of Soil Rllinforcement 

Sand when unconfined possesses no shear strength. Moist or saturated sand Ciln be compacted in emlmnkments without exter
nal confinement If dry sand is to be compacted. it would need nooding with water if no external confinement is provided during 
compaction. In desert areas it is difficult to fetch enough water and it is impossible to retain slopes of cmb<Jnkmcnts when w;uer now.~ 
out and the sand dries up if there is no confinement Rarely if boulders could be imported to the site then confinement may he pro
vided with boulders and dry compaction (described in previous section) Ciln be resorted to. Another <llternntiw 1\ providing cunline
mcnt by soil reinforcement 

7.5.1 Usc of Soil Reinforcement 

Reinforcement may be added to sand in embankment to pt:rform one. or all. of three main functions Fig. 75. 

(a) Superficial slope reinforcement and sti!Tcning 

(b) .·Major slope reinfon:cment involving reinforcement 

(c) Reinforcement of weak embankment foundation5. 

The use of superficial slope reinforcement was pioneered by the Japanese. and particularly the Railway Tl"t:hnical Rc~l!ilfl:h 

ln5tirute of Japanc~c National Railways. Reinforcement used by the Japanese is gener.~lly in the form of short len'gths of Netlun. ;t 

polyolcfin net, placed in horizonmllayers near the face of the slope. Fig. 7.5a. Such reinforcement gives resistance to surface crosiun 
and vibrations as well as permitting heavy compaction plant to operate close to the shoulder of the embankment, so e!Tecting good. 
compaction in the sensitive area. Nctlon is now available in India. 

7.6 Control Standards 

From the experiences described in this chapter it is observed that standard Proctor density, modified Proctor density and rela· 
ltve densiry na~<! been used in different countries to control state of compaction of sands. In Libyu fine dune sand~ have been com
pacted to about 110 per cent of standard Proctor deJ1sity i.e. to more than 100 per cent modified Proctor density. Indian specifications 
so far have demanded upto 102 per cent of standard Proctor density only. USBR specifies relative density as criterion for ~;ompaction 
control of cohcsionless soils. Speed of vibratory rollers was 3 krn!hr or less in most of the field compaction operations and in field 
compaction tests. 

7.7 Output and Cost 

Table 7.1 shows that the output of the vibrating roller W.lls 253 cum/hour and that of the three wheel static roller was 30 cum/ 
hour. Cost of compaction of cubic meter of sand by vibrating roller amounted toRs 1.10 and that by the static roller toRs 1.85. Thus 
the advantage of unit cost and huge output of a vibratory roller is undeniable. 

8. COMPACTION PROCEDURES FOR CLAYS 

8.1 Experience in India 

8.1.1 Expllrience in Mahamshtm 

O.llta received from Maharnshtra Engineering Research Institute (MERI) gives info""ation on compaction of clays for ~a rna 
and Kanhcr Projects, The data is reproduced in Appendix A-V. Statement I of the Appendix A-V gives results of field and laboratol)' 
tests on some oft he soils. For soils in Plot No. I. liquid limit and plasticity index were about 50 per cent and 20 per cent respectively. 
Dry.d.cnsity obtained aner 4 to 6 passes of sismopactor (static weight 8.5 T) was about 1.42 g!cm1

• Statement II gives values of field wet 
dcnsicy for di!Terent number of passes of sismopaetor. Fig. I of the Appendb; A-V shows that sismopactor was capable of attaining 
modified Proctor density on casing material with 10 to 12 passes and standard Proctor dcnsicy with 6 passes. On hearting material 
Y!hich can be expected to contain more of clay fr.~ctiori, the sismopactor required 6 to 8 passses (Fig. Ill, Appendix A-V) to attain stan· 
.dard Proctor density and about 20 passes to attain modified Proctor density. The indication is that a heavier vibratory roller would be 
more efficient in attaining modified AASHO density. 

Fig. II of the Appendix A-V is biz11rre. It shows the performance of an ordinary (smooth) roller of ST. A roller is inadequate if iT 
requires more than 12 passes to at1ain a desired density. The sheepsfoot roller which required 22 passes (Fig_ IV, Appendix A·V) to 
compact hcarting material to standard Proctor density wds inefficient and inadequate for the purpose whereas sismqpactor (Fig. Ill 
same App'cndix) was successful. 
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8.1.2 Experience in West Bengal 

GUPTA et al described experiences of soil compaction for N.H. 6 and for a Byc·pass to NH 2 ncar Calculi<~. Though the pro
jei:l provided for sheepsfoot rolte_rs us well as flat tyrcd diesel rollers. the only type of compacting machine available with the organisa
tion for works covered by the paper was 8 tons smooth thrcc·whcclcd dicsd roller. Desired densities (about 95% of standard Proctor) 
wen:: generally auained by 8 passes of the roller when the field moisture comenl of the soil w;~s from 1 to 3 per cent 11bovc or below 
optimum moisture content for silty sand type clays (PRA classification being A4 to A6). However. at some places the field densities 
fell short of desired densities. The difficulties cnountercd in comp<ll:tion of ~uch soils are listed in Appendix A·VI. The Appendix A·VI 
describes also the effect of heary earthmoving machines on compaction. 

Road and Building Research lnstitutt", West Bengal, conUucted field tests to compact a clayey silty soil. The propenies of the 
soil were: Liquid limit= 48 per ~Xnl plasticity Index= 23 per cent. silt content·= 82 per eenl and clay content= 16 per cenL Max· 
imum dry density and optimum moisture content in st;~nUard Proctor lest were 1.665 glee and 18.4 per cent respectively. The max· 
imum dry_ density and optimum moisture content in modified AASHO test were 1.875 gm/cc and 13.) per cent respectively. 
Labollltory CBR values of the soil testcU at standard Proctor and modified AASHO parameters were 2.11 per cent and 3.35 per cent 
rcspeclively. 

J-wheeled static rollers ofS T and 6 T capacily wen: used in field tests. The field data in the Reference 4) showed thatl2 passes 
of rear wheel of 8 Troller gave 100 per cent stand:nd Proctor density while the front wheel cou!U not give even 95 per cent density 
with 12 passes. The 6 Troller was unable to give 100 per cent stanUard Proctor density. The rear wheel of6 Troller required 18 passes 
to give about 95 per cent density and the front wheel gave still less. Neither of the rollers was adequate to produce modified AASHO 
density in the field tests. A list of smooth 3-wheeled diesel rollers manufactured in eastern India as 11ppendcd to the Reference 43 
revealed that all the manufacturers produced the road rollers with same or similar specifications and dimf"nsion~ 

8.1.3 IAAI Experience 

IAAl reported duta on compuction of u heavy clay (Liquid limit = 48 per cenL plasticity inUcx = 24 per cent) to achieve 95% 
modified AASHO de.nsity by 8 T and 6 T vibntlory rollers. Table 7.2 scc1ion 7.1.2. The 8 T vihrntory roller rcquirccl9 passes to com· 
pact 30 em thick heavy clay and the 6 T vibratory roller required 10 passes to compact20 em thick layer. 

8.2 Experience Abroad 

8.2.1 Dynapac Experienct. 

Clays have plastic properties. The compaction churacteristics are highly dcpcnUent on the water content. When the wmer con· 
tent is low, the clay is hard and firm. Above the optimum water contcnl the consistency becomes more 11nd more plnstic when the 
water content is increased. 

To obtain the specified density. the water content should not diverge too much from the optimunl Wlller content and the main 
problem in clay compaction is very often to 11djustthe water content to the optimum. The addition of water to a dry cl"dy material by 
using water tilnk.s. harrows, pulvimixers (soil stabilizers). etc. is time consuming and expensive. Wuier inliltmtion in the borrow pit is 

' another alternative. The drying of a wet clay material can only be clone in a dry and warm climate. even then using harrows or 
pulvimixers. A prolonged rolling operation with sheepsfoot rollers is sometimes used to dry a wet soil. 

Clay materials with a high plasticily arc avoided and seldom used as fill materials due to high compressihilily, low shear 
strength (low stability) and difficulties with water conhmt·density control. A rule is that the liquid limit of a clay fill should not exceed 
50 percent Clays of type MH and CH (H =high compressibility) arc therefore avoided llS fill materials. 

Even nt the optimum water contenl clay requires a considerable compaction effort and a lesser layer thickness compared to 
non·cohesive soils. The compactors must exen relatively large comprcs~ivc nnd shear forces. 

II is. however, necessary for vibratory rollers used for clay compaction to have a ruther high static weight. With shcepsfootllnd 
pad foot drums it is possible to further increase the forces acting on the surface and to break the mot~! or Jess h11rd lumps of a day fill. 

To compact a ciay soil the contact pressure applied to the soil must overcome the shear resistance of the material. Pneumatic 
tyred rollers produce a muimum surface pressure Or 6 to 8 kglcm:. This contact pressure makes it possible to compact clays with low 
or medium strength (unconfined compressive strength below 2 kglcm:). As previously mentioned, days with a water content above 
the optimum, have 11 comparatively low strength and can therefore be compacted with light or medium weight pneumatic lyred 
rollers. Heavy. towed pneumatic tyred rollers with weights of 40 ton ;~nd more have been rather widely used for clay comp;Jction on 
dam and airfield constructions. They need a heavy tractor for towing and <He not very manoeuverable. 

Compaction of clay or clayey soils with a high strength requires the usc of static or vibratory sheepsfoot or pad fool rollers to 
gcnefllte tht necessary pressure. Vibmtory shecpsfoot rolkrs, were first introduced around 1960. The l11rgcst single applicOltion for this 
roller type was the Ludington water storage reservoir in Michigan, USA. constructed between 1969 11nd 1972. Over 16 triple hitch com· 
binations of Dynapac 5-ton vibratory sheepsfoot rollers were used aficr comparative tests with static shcepsfoot rollers. and 30 ton 
pneum11tic tyred rollers. 

fowed rollers have to a large extent now been replaced by self propelled rollers. Another trend has been that shecpsfoot rollers 
have been replaced by padfoot rollers. The padfoot rollers normally have a larger capacily in m 1 per hour than sheepsfoot rollers. 
They also compact the surface layer to higher and more unifonn density than shcepsfoot rollers. 

Static padfoot rollers. also called tamping rollers. have stlltic wdghts in the r:mge of 15 to 40 ton anU static \incur drum loads 
between 30 and 80 kg/em. The heavier models allow a layer thickness up to 0.3 m. They operate at high speeds ilncl can in this way 
obtain high capacities. They are equipped with levelling blades and are efficient in spreading the fill material and to break the often 
large and hard lumps obtained at excavation of clay. 

Self· propelled vibratory padfool rollers with a drum module weight of around 7 ton (total static weight aroun-d II ton). have a 
static linear lo~d of the padfoot drum of around 30 kglcm. With this type of roller it is possible; to compact clay materials al water con· 
tents around the optimum in layers of up to 0.3 m (after compaction) to densities between 95 11nd 100 percent standurd Proctor. 
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Hcavie'r vibrmory pad foot rollers. with a drum module weight of 10 ton. have a st:ltic line<lr load of around SO kg/em. The luycr thi~k· 
ness can be increased up to 0.4 m. Vibrntory tandem roller.;; with two padfoot drums arc now introduced and represent a furth.:r alter
nuth•c for large clay compaction jobs. 

Vibratory padfoot rollers are able to compact thicker layers than static padloot rollers. They arc also more versatile with reg~rd 
to the type of soil. due to the combinalion of the static and dynamic forces. 

In practice. a combination of a static pad foot roller (tamping roller) used to spread and p•e-compactthc matcriu], and a 10 or 
15 ton vibratory roller has proved to be suitable ilnd C"Conomical. For this application. heavy vibratory smooth drum rollers are als< 
used with good results. 

A question often mised is if vibratory clay compaction is characterised by other rehuionships between water content and den
sity compared with static compaction. The Australian te51 n:su\t shown in Fig. 8.1 indicate that the compaction cuf\les follow the sa'me 
pattern for vibratory compaction, SUllie compaction and laboratory tests. 

The specified density for day fills is normally between 95 and 100 pu cent standurd Proctor. During recent years some 
authorities and consulUlnts have specified 95 per cent modified Proctor for motorway embankments consisting of cloy. For 11 cloy 
m;Jtcrialthis roughtly corresponds to 105 per cent standard Proctor and requires a large compaction dfort. The wutcr content of th~ 
soil becomes even more critical factor and veriations greater than maximum 2 per cent from the optimum water content vulue can 
normally nm be accepted. 

!':.2.2 Wet Clays (U.K.) 

Wet days can be compacted in considerably thicker layel"1i than dry clays. In the lield, water content often greatly cxceeU~ th.: 
OMC. A wet clay. which is more or Jess plllslic can be c:ompaetcd with a limit cffon into a homogeneous mass having un air \"Oid cun· 
tent of not more than 5 to 10 per eenL The Willer content of the clay cannot, however, be reduced more than marginally. even by cxten· 
dcd compaction. When the water content is substantially higher than the optimum. the degree of compaction will be comparatively 
low, even though the air void content has been reduced to a low level. 

In countries with a constantly wet climate. the U.K. for example. clays in embankment fills are compacted ut higher water con· 
tents than the optimum without serious future settlements due to consolidation. Investigations in the U.K. have shown that water con· 
tents upto :~bout 1.2 times the plastic limil c11n he 1lCCepteU. Above this water content the traction conditions for scrnpcrs. trucks :tnd 
comp11ciors become more and more difficult which also is a hindering factor for the use of wet clays as fill materials. Vibr,uory com· 
paction of wet cohesive fill materials. or natural cohesive soils with a high ground water level, may cause a water migration to the ~ur
face of the fill and an increased plasticity of the material. Under such conditions, the usc of vibrations should therefore be avoided or 
reduced. This also 11pplies for the fi1"1itlnyers plnccd directly on top of a wet cohesive material. 

When wet clay.~ have to be llScU as emhankment fills., altematate layers of clay and sand can be used to get u mon: rupid reduc
tion of water content and a more stable lill i.e .. a sund..,ich construction can be us.:d. 

8.3 DimculticJ: and New Techniques 

Information in this section 11nd in the Appendix A·Yl bring out the difficulti.:s encountered in compacting clays. When the 
moisture content is on the dry side of OMC more effon is needed. If a compactor is found inadequate a heavier c:ompactor will hr 
required. Pad foot rollers 11nd medium to he<L\")' vibratory rollers nre suitable to compact clays ncar OM C. 

8.3.1 Treatment of Wet Clay Fill 

Some of the problems of wet clay5 arc highlighted in section 8.2 The wetness of 11 clay fill and its corresponding low undr.1ined 
shear strength m<:~y present difficulties in both the design of an embankment and its construction. There arc a variety of solutions to 
these problems. Where stahility is a problem. an embankment can be redesigned with flatter slopes. 

In many cases it may be economic to reduce the moisture content of the clay fill 11nd hence mcrease itS undrained shear 
strength. Other methods ;~n: treatment with lime and sandwich construction. 

K4 Trcatmen"t of Existing Uncompacted Clay Subgrade 

With increasing frequency it is necessary to build structures and roads on sites where there is a cons1ucrable depth of uncom
pacted clay. It might be economic with a fill of shallow depth to remove the fill and replace it with thin layers with adequate compac· 
tion. For deeper clay fills. nrdoading with surcharge of fill or stone column technique may be useful to increase the strength of the 
sub-soil. 

8.4.1 Dynamic Consolidation 

In dynamic ·consolidiltion. deep compaction of soils is a\lemptcd by rc:pe<:~ted impacts of a_heavy weight on 10 the ground sur· 
face. The Menard system of dynamic consolidation as it has been applied at clay fill sites in U.K., has typically involved dropping a 
15 Twcight from heights of upto 20m. Primary tamping hils usually consisted of repeated impacts at a number of points on a fairly 
\'idcly spaced grid. At the clay !ill sites in U.K.. dynamic eonsolid<:~tion seems to have had significant effect on the fill down to depths 
of 5-6 _m. Sometimes it may be nccessa~o import grdnular Iii! on to the site to fonn a working platfonn. 

8.5 Corotrol Standards 

IRC has given spcciliciltion requirements for embankment soil compaction based on laboratory maximum dry density (Table 
6.'1). The information in this section shows that 95 per cent of standard Proctor density is stipulated as a minimum density require· 
ment by and Iorge. 95 per cent to l~ per cent modified AASHO density has been required for some projects abroad. Bose and 
Dasguptn observed that ""CBR tests of compacted clay fill should lind a place in standard speeification as moisture content nntl den
sity checks do not depict the actual picture of the strength of soil"". They also observed that in wet areas clayey soil should be compuc· 
ted at or slightly above OMC but never below OMC. It may be noted that Swiss norrils {T1lble 6.2) ha\"e included CBR values in the 
standards: 



406!13 

Suirability of Wet Clays 

According to British-specifications, a clay ha.,.ing liquid limit more than 80 per cent or pl11.sticity index more than 55 per cent is 
to be treated as unsLable material for earth fills. A1so_a wet clay at moisture content more than _1.2 times ils plastic limit is an unslable 
material. The later criterion was contested at conference on clay fills.. The plastic limit test itself was found to be unreliable. 
A~wsmith finds it to be more logical to use shear strength criterion for suitability directly rather than through the ratio of moisture 
content to plastic limiL 

The trafficability of earth moving plant was not originally a problem as caterpillar tractors and scrapers were able to e"cavate 
and place any material that could be compacted. However, as self-propellf:d rubber·tyred scrapers were introduced and became pro
gressivc:Jy lar&er, the shear strength requirements of the soil to support them became more critical. From observations on M6 (UK). 
the following minimum shear strength requirements emerged · 

Caterpillar trnctors and scrapers 
Large rubticr·tyred scmpers 

- .35 kglcm 2 

-.SO kglcm1 

A direct undrained shear strength cnterion was advocated by Dennehy, as it relates to the functional limitations of plant and 
the immediate stability of embankments. 

Dennehy gave undrained shear strength limits as 0.4 lcg/cm 1 and 0.6 kglcm 2 respectively for tyre pressure ranges of 2".4 to 3.1 
kg/cm 2• and 3.4 to 3.8 kglcm1 • 

9. COMPAcriON PROCEDURES FOR OTHER SOILS AND MATERIALS 

9.1 Indian Experience 

9.1.1 Experience in Gujarat 

Data received from the Director, Gujarat Research Institute is reproduced in Appendix A-VII. The data comprises results ot 
compaction trials at Ukai dam and at Kadana dam. 

Compaction Dials at Ukai 

The soil was more or less a uniformly graded clayey to sandy silt which could be classified as CL. ML. SM and occasionally as 
CL- ML groups. Laboratory test results of these soils are given in Appendix A·V11. CL type soils could be compacted to the required 
standard by normal Sheepsfoot rollers. though with some difficulty and after applying 2 to 4 more passes as compared to normal& to 
10 passes. However. the feebly plastic to non-plastic silty soils proved to be the most difficult to compacL Compaction trials with' 
sheepsfoot roller, 8 to 10 T smooth static roller, 4 T vibratory roller and pneumatic tyred roller showed the unsuitability of the equip· 
menL The shear strength of the soil in the as-laid loose state Was significantly low. Finally a low foot pressure roller was developed by 
welding 20 em x 10 em steel plates to the feet of an ordinary shecpsfoot roller and the equipment was called 'Elephant-foot-roller'. The 
pressure intensity at the foot of the roller could be brought down to 8.8. kg/cm1 • This roller gave the best relative performance with a 
pressure intensity of 103 kg/cm1

. The summary of typical rolling trials is presented in Table I of the Appendix A-VII. There was no 
mention of any trials with a combination of crawler tractor and vibratoiy roller. 

Compaction trials at Kodana 

At Kadona, the soils compacted were gravel-sand mix. river gravel and on impervious soil in the beaning zone. Equipment 
used were 3.6 T vibmtory roller, crawler tmctor. sheepsfoot roller drawn with tractor, and smooth static roller as stated in Tables II 
and III of the Appendix A· VII. 

Compaction for highway construction in Gujarut 

An experimental study has been carried out in Gujar.Jt for comparison of a pneumatic wheel vibratory roller of 10 tonne dead 
weight and a three wheel static roller of 8 to I 0 tonne dead weight for compaction of embankments of silty clay soil of plasticity index 
of 14 to 17 percent, M.D.D.: 1.77 gm/cc and OMC 17 to 18 pcrcenL The details of the two rollers used are given below; 
Three wheel static roller: 

(i) Total weight (unballasted) 
(ii) Total weight (ballasted) 

(iii) Line Pressure (ballasted) 
(iv) Rolling width 
(v) Prime mover 

(vi) Cost 

Pneumatic wheel vibratory roller 
(i) Number of rolls 

{ii) Number of tubeless tyres 
(iii) Dead weight (unballasted) 
(iv) Static rolling pn:s~re 
(v) Frequency 

{vi) Cost 

It was found that: 

, S tonnes 
10 tonnes 
578 N/cm 
1675 mm 
33 H.P. diesel engine atl500 r.p.m. 
Rs. 2.00 lakhs 

Ooe 
Two 
10.131 tonu..:s 
260 N/cm 
2300 vibrations/min 
Rs 7.5.1akhs 

(i) The soil could be compacted to satisfactory density with the vibr.uory roller in thicker lifts and with less number of passes. This 
increuscd the output of work achieved by the vibratory roller. 

(ii) The compactive effon in the ca~c of vibratory roller was twice that ofthJ: three wheel static roller of the same dead weighL 

Tables 9.1 to 9.3 give the comparison of performance and economics of the rn·o rollers. 
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9.12 Experiencll in Tamil Nadu 

The study from Tamil Nadu, reponed in Section 7.1.3, included results of pelformance of the 1hrce types of rollers on a red 
earth {propenits in Table 7.3). with pli!slicity index 8 per cent. 4 ton 1andcm roller and 8-10 ton conventional roller gave hundred per
cent standard Proc:tor compaction after 6 passes and the 5 ton vibratory roller required 8 passes to give the same standard of 
compaction. 

The 8-10 ton conventional three wheeled roller has been successfully used in Tamil Nadu, for almost all soils. Experience has 
shown that waviness and uneven finishes are often produced. when this roller is directly used on loost: layer of cohesive soil at high 
moisture content, warranting the use of a light roller like sheepsfoot or pneumatic tyred roller first 

A field experimental study on the usc of modified AASHO tompaction was made on Bhavani KomarapRlayam Bye-pass. fann
ing pan of National Highway 47, on a small stretch of ZOOm. The soil at the cxperimenl.al site was of black totton variety with plas
ticity index value of 41 per cent and CBR of 3 per cent with lump size ranging from 10 to 15 em. The modified method of compaction 
of em ban kmcnt construction. over subgradc soil using a fill material having plasticity index of 17 per cent was used. A sample of fill 
material was subjected to modified Proctor compaction for determining OMC and dry density. 

With a view to find out the performance of 4 Ton Tandem roller and 12 ton 3 wheel roller in achieving the higher density 
(modified Proctor's density) in the field. an experimental stretch with equal lanes was marked out and the soil at (OMC- 1%) and 
lump size not exceeding 15 em was spread unifonnly to proper camber and gr,ade of the road. 12 Ton roller. 4 Ton Tandem" roller 
(with or without vibr.llions) were used to compact the respective lanes and the performance of these rollers was assessed in tenns or" 
in-plac"c dry densily measured ntthe end of every two passes of the rollers. In 11nothcr stretch. the effect.of the ch11nge of moisture con
tent was also studied. 

From the values of field dry density. it was observed that the 4 Ton Tandem roller (with or without vibration) required 6 to 8 
passes to give 95 percent modified Proctor densily and it could give 11bout 97 per tent densily after 12 passes. The 12 ton three wheel 
roller achieved hundred percent modified Proctor density after'S passes. The need for usc of a heavier vibratory roller was indicated. 
It was also observ~d- in the case of this fill material. better compaction was achieved, when compacted at a moisture content slightly 
over and above the OMC compared to dry of optimum. 

9.L3 A study by Larsen and Toubro 

The study on techno-economic viability of vibratory .roller carried out by Larsen and Toubro (details; ref. Section 7.1.1) 
included tests on silcy clay. sandy clay and a sandy gravel. The results of field experiments have been presented in Table 7.1. The 8.5 T 
vibratory roller could give hundred per cent stanilard Proctor density with all the three types of soils whereas the 10 T static roller 
could give about 95 per cent densily. The vibratory roller tou\d compact thicker layers with less number of passes than the static roller 
could. The outputs of the vibratory roller were higher than those of the st.atic roller. The cost of compaction per cubic metre of fill by 
the vibratory roller was about half of that of the static roller (Table 7.1 ). 

9.1.4 CRRI study 

A study was carried out at the Central Road Research Institute. New Delhi for determining relative efficiency of a 4 T tondem 
vibratory roller 3S compared to un 8 T standard three wheel static roller. 

The specifications tried were: 
(a) Soil sub-grade (properties of Delhi Soil. Appendix A-VIII). 
(b) !50 mm thick stone soling. 
(c) 75 mm thick watcr·bountl macadam, 
(d) 25 mm thick bituminous concrete. 
(c) 20 mm thick premix carpel and 
(I) single coat surf01ce dressin~ 

The following broad tonclusions were arrived at: 

(i) While 4 to 5 passes of the 8 T three wheel static roller were gencr.~lly needed. 6 to 8./'asscs of the 4 T vibr.atory roller v.-cre suffi
cient to give the same compoctivc effort for most of the specifications. 

(ii) For compaction of stone soling laycr.the 4 T tandem vibratory roller was not so efficient as the 8 T three-wheel static roller. 
(iii) Good compaction tould be obtained by using the vibr.atory roller in the case of bituminous surfacing such as single coat sur

face dressing. 20 mm thick premix carpet and 25 mm thick bituminous concrete layer . 
. (iv) Soil subgrade and water-bound macadam layer could be compatted satisfactorily by using the vibratory roller. 

9.2 Silts 

Silt an: non-plastic lines. A special problem with very fine sand and silts is that the material at high water content and under 
innuencc of traffic or vibrations. is rapidly transformed to a more or less nuid state due to the pore wat~;r pressures generated by the 
mechanical work (liquefaction). Silt~ arc also very susceptible to frost heaving. 

Sill and silly soils arc. as all fine-grained soils. to a high degree dependent on the water content during compaction which 
should l).Ot diverge too much from the optimum Wlltcr content Dr.linage of the borrow pit is one possible way to reduce the water con· 
tcnl At optimum water content silt and silty soils <Ire comparatively easy to compatt. Silty sand as wcli as pure silt have low cohesion 
and can be compacted in rather thick lifts. 0.7 to LO m when using heavy vibratory rollers with 10 to IS ton drum module weight 

Silty soils which conmin a ccnain amount of clay may have a tonsidciable cohesion and will have compaction properties 
similar to those of clayey soils. Consequently silly soils have ruther varying compaction properties covering the range between non
cohesion materials and pure clay soils-

9.3 Fly Ash 

Fly ash has similar compattion properties as silt and can he well compacted by vibratory rollers with a low or medium static 
linear load. Compaction is achieved to 95 to 98 per cent st.andard Proctor density at a moisture content slightly below OMC. The side 
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slopes of embankments 01rc usu;JIIy covered with an e01rth fill of suitable thickness to prevent erosion and cnvironmentnl pollution. 
Fly ash has heen u~d for bulk fill in a number ofhighwuys in UK <Jnd USA. including motor wnys am! ell:pressways. Cinder. ;Jnothcr 
waste mar.::rial from industries. has been successfully used in construction of high banks on some highways in India. 

9.4 Compaction by B111sting 

In the tn::;Hmcnt of_saturatcd loose cohcsionless soils by blasting. buried Cll:plosivcs arc used to cause liquifaction followed by 
,·ll:pulsion nf pore water and dcnsification. This ground improvemt·nt technique docs not require compaction equipment It is cheaper 
than vibronotation mctb(){l when deep compaction ofs;~rurated cohesion less foumlation soils is required <!long highway alignments. 
LYMAN reported eiTectivcness of the blasting method in silty soils. An under Wlltl'r till at Luni bridge approilch on NH 15 in 
Rajasthan was dcnsilicU by hl;tsting. 

')5 Diversification ofEquipmcnl Use 

Vihr.:IIOI)' plate compactors ~md \ihrnting tampers (section 4.4.) which an: useful in highway construction can be used to com· 
pact fills below lloors anU in trc·nchcs. Vibratory rollers arc useful in compacting 11sphnlt concrete. Heavy vibratory roller:s arc useU to 

compact rock fill. 

'l.:\.1 Roller comp11ctcd concrete 

The usc of vihratory rollers instead of internal vibrators to cnmp<~ct mass concrclc was primarily investigated and tested by U.S. 
Army Corps of EnJ!incers and the Tennessee Valley Authority. The concrete used has a low cement and water content Vibratory 
rollers with muic line:1r lo<u.l of :!0 10 JO kg/em arc suitable. Vibratory plate comp<lCtors or sm;Jllcr models of vibratory rollers can be 
u.;cd tn comp11ct concrete l:1itl close to sheet-pilings and concrete constructions. 

9.6 Appropriutc Technology 

The extensive v;Jriety in propenics of the materials to he compa'ctcd with great diiTcrences in job. site and we<lther condniuns 
makes it more or less impossible to state a few simple and gcner.II rules for the choice of equipment. 

9.6.1 Equipment for rural works 

lt is difficult to proviUc vast and remote rur.J] areas with modem compaction equipment Central Ro:nl Research Institute ha~ 
developed appropriate anim<JI drawn compaction equipment for usc in conStruction of rum I road works. Two inexpensive road rollers 
(cost approximately Rs 3000/- toRs 4000/-) and two water hawsers (cost about R~ 1500/-J have been designeU and fabricated by CRRI. 

9.6.:! Equipment for slow jobs 

Smoothwhccl static rollers and shecpsfo01 rollers, whose outputs arc lower th;m those of vibratory rolle1 s. will go a long WU)' in 
serving jobs for less imponant roads. where time schedules arc not tighL 

9.6.3 Equipment for m11jor works 

The vcrsatality of vibratory rollers is obvious from variou~ c<Jsc histories cited in this report. Though initial capital cost ofvib· 
ratory roller is high there is gain in energy consumption and time. High outputs of the roller yield low unit cost of compaction. lt is 
desir<Jble to have two weight ranges of vibratory rollers for immeUiate usc in India : 
(a) 4 to 6 T tandem vibr.Jtory roller for metropolitan and medium works. 
(b) For large projects 8 to !0 T dual drum vibrntOT)' roller with facility to exchange with padfoot rollers and with the following 

characteristics : 
Frequency range : 
Double <~millimde. r<~nges: 

1800-24()0 vihr/min. 
0.4 to 0.8 mm ;~nd 1.0 to 1.5 mm. 

W SELECTION OF EQUIPMENT, RESEARCH METHODOLOGY AND RESEARf'H AREAS 

10.1 Selection of Field Compaction Equipment 

The choice of suitable compaction equipment is sometimes made by the contr.Jclor on the basis of earlier experience ;md exist
ing runge of equipment In some cases the type of soil material and or the specifications arc dccisi~·e.lnformation in Sections). 4. nod 
9.6 is of some usc in preliminary selection. 

In many cases, however. there arc several altemativcs. It is always very important to choose compaction equipment which i~ 

not only suitable for the type of material to be compacted but also well adopted to the hauling nod spreading operations as well os to 
other work-site conditions. 9 

The following checklist can be used <~sa guide: 

Factors innuencing the choice ofcon.f)action ~quipment: 

I. Type of soil and water content. 
2. Compaction specifications (specified degree of compaction in standard or modified Proctor. specified layer thickness. spccilieU 

types of compaction equipment). 
3. Methods of h~uling and spreading the material. These factors. to a high degree. determine the suitable layer thickne~~. 
4. Need of drying or wat~ring of the soil. 
5. TraCtion conditions for the compaction equipment 
6. Necessary compaction capacity in m3/h. Arc filling operations going on <1\ diiTerent sections? 
7. Clim~!ic conditions. 
8. Transponation of the m;Jchincs to the site ano.lllctwcen different sections on the work site. 
9. Possibilities to standnrdi1e the ~nmpaction equipment. 

10. Facilities available for repair~ and service. 
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One example of a possible slilm.hHdization is when a IU 1011 sclfporpcllcd vibratory roller with a smooth drum is used for sub
base and base compaction on <I road project in combination with the same roller lypc wi1h p<~dfoot drum for compaction of th1· 
embankments consisting of clay. Asphall versions of the same b;Jsic design nrc idso available. The adv;:amagcs with regard to spare 
part supply, repairs. and service arc obvious. 

Another example is to usc a heavy vibratory roller with a smooth drum for rock and gnwcl fill~ as well as on Iiller m<ucrials on 
a dam project. With a vibratory pad foot roller used on the core. the cutirc comp<lction job can be done "ith the same roller type. 

Sometimes a joint operation of rollers of different types is favourable. The possible combination of a self· propelled smtic pall
foot (mmping) roller \\ith levelling blade to spread the material and to cru~h hi~ot lumps and a vihr;JtOI)' roller i~ one such example, 

The compnction erTcct obtained with a combination of different roller types is a question which requires further basic study 
and practkal experience. 

102 Methodology for Field Compaction Tests 

The soils to be compacted and the working conditions are never the same from one site to another. At the start of a large COOl· 

paction job. it is therefore common pmcticc 10 make several field compaction !esL~. sometimes with diiTercnttypcs of compactors. to 
determine ~uitable layer thickness, roller speed and number of p;~sses. 

To obtain as accurate as possible riel~ compaction !es! results. the following points should be kept in mind: 

I. The layer on which the test is performed should be spread on lop of a compacted layer of the same material. The tlensity of the 
underlying laver should be at leas! the same as that intended for the test £ill. · 

2. The test arer. shouhl be compacted with at le<~slthree roller lanes side by side. Fig. 10.1. Overlap between the l01nes should be 
about lfl per cent of the roller width. All three lanes should be rolled with the same number of passes and tlensity tests should 
be m'lde in the centre lane. Outside thecompaeted area !here shoultl be a shoulder. with at least the width of the roller. to avoid 
laterdl movement of the material. 

3. The roller speed should be determined before the tests and carefully checked. A suimble rolling speed for a vibratory roller 
uper.Iting on soil or rock fill is 4 kmlh. Difficulties to reach the spe:.;ified density may require further tests with a somewhat 
lower speed or vice-versa. 

4. The suitable number of passes after which the density tests should be made arc normally 4, 6 anti 8 passes. Especially on fine
grained soils. the roller passes should not follow each other too close in time. Higher Ucnsities will be obtained if thL· soil can 
Rconsolidate" for at least an hour between the roller passes. In silty soils some nir can be pressL-d out during such rest periods 
by the pressure built up during compaction. 

5. For mos! 1ypes of soil. ii is very import;mt that the water content in the lest material is ncar the optimum (±2 per cent) when 
the lest is performetl. 

6. Density tests are normally performed with the sand-replacement or water-baloon method~. but other testing methods may also 
be us~tl according to ~·pccial requirements. Tests sh~uld be done at scla:ted spots on the surf.'lcc and at 150 mm intervals down 
through the layer. At low surface Uensily, e.g. in uniformly gr.Idcd sand or wh~n shccpsfool rollers arc used. the tests have to be 
made at some depth helow the surracc. 

7. The suitable layer thickness varies according to the size of the roller anti the type of material. hidications as to layer thickness 
for various types of compaction eq_uipmenl can be found in Table 10,1 or 6.1. It will often be suitable to try tv•o or three dif
ferent layer thicknesses. At base compaction. vibr.Itory compaction is usually performed on a layer thickness equal to the lola] 
thiekncs.s of the base. 

!!. I! is sometimes suitable louse a test area where the layer thickness varies fi.'Cti\inear. Fig. 10.2. Tests are made at different sec
tions. The maximum layer thickness can be detcrminetl from the result~ of the density tests. 

General Advice 

lf the specified density is nm reached in a comp;,ction lcsL the applied compaction enerb'Y per unit volume must be increased. 
This Cilll be done by: 

lf!cre;Jse of number of passes 
• D~crease of roller specU 

Dcere<Jse ofl<~yer thickness 
Table-7.1 

Type of soil Silty Sandy Clay Sand Sandy 
clay CL sc 

sP' 
Grovel 
sc 

Type of roller 

Lift Thickness Loose (em) Static 22.5 22J 20 30 
lT-900 60 45 30 "' No, of passes Static 6 7 8 6 
TI-900 5 4 4 ] 

Time taken (Sec.) Static '"' 422 490 734 
TI-900 221 106 108 148 

Percentage Static 95.02 95.97 9i20 '""' Compaction TI-900 ]00.00 100,00 !00.00 100.00 

Omput per hr (Cum/hr) Static 46 40 30 62 
TT-900 413 395 253 "' Cost!cu1~ (Rs.) Static 1.20 1.39 1.85 0.89 
lT-900 0.67 0.70 1.10 0.40 
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Table-7 .2: Number of Passes Required to Achieve 95% Modified AASHO Compaction on Different Types of Soil with 8 
Tonnes and 6 Tonnes Vibrutory Rollers. 

Nature of soil LL 
percent 

--------------
Sand 

Sandy clay " SillY clay " 
Heavy clay 48 

Gr.mular Base 18 

Crushed Rock Base-

l. 

' 3. 

'· 
5. 

FoundJtion 
wil 
(H.R.S. Clay] 

CL A.6 

Gr.~vel GC A2.6 
Silty sand 
Oaycy sand SM A-2.4 

sc 
Red Ellnh 

No. of 

(Frequency- 1800 Vibrations/min. and Amplirudc 1.2 mm) 

35 

" 
19 

P.L P.I. OMC NO. of passes NO. of posses with 
per cent per cent % wilh Static load 6 tonnes roller for 

Modified 8 tonnes roller 20 em. thick layer 
AASHO for 30 em, thick 

layer 

·- -------·- -----· 

7 3 4 

14 ' 8.5 5 5 

19 5 9.0 5 6 

24 24 12.0 9 10 

13 5 8.0 5 4 

6.0 6 6 

Tnble-7 .3 Properties of Soil 

Index Test 

L5 20 

" 22 

" 6 

14 8 

Sieve Analysis 

99 

42 
100 
99 

" 

79 

31 
74 
77 

71 

52 

2J 
10 
26 

30 

274 
2.52 

"'" 

Sedimenuuion 
Analysis 

35 

47 

" 76 
" 8 

" 

" 
" 
5 

Pmter Test C.B.R.@ Proctor 
deosily O.M.C. 

1.74 

Lll 
1.89 
212 

1.93 

17 

II 
II 
10 

12 

• 

8 

" " 16 

" 

' 

" 27 

' 
10 

24 

" " 10 

Table-7.4: Performanc~ of Rollers on Silty Sand (PI-0) 

Tandem Roller Yibrnlory Roller 

passes Field ~~-density gm/cc J% Compactio~ 
~,----------_L--1~.,=,-- ~ 

Field dry density gm/cc J% Compacli.on 

4 

6 

8 

10 

1.95 

1.94 

1.93 

104 

103 

103 

\.93 102 

1.93 

1.~ 

1.97 

1.98 

102 

102 

_.104 

lOS 



406/18 

No of 

Passes 

2 

4 

6 

8 

10 

Deplh 
melnls 

030 

0.60 

0.90 

120 

IJO 

Type of 
roller 

Static roller 

Vibratory roller 

Type of roller 

Static roller 

Vibr.uory roller 

Type or roller 

Static roller 

Vibratory roller 

Table-7.SIPerformance of Rollers on Clayey Sand (PI-6) 

Tandem Roller . Vibretory Roller Conventional Roller 

Field dry density %Compaction Field dry density %Compaction Field dry densily % Compaction 
gm}oo 

1.84 

1.91 

2.0~ 

206 

205 

87 

90 

97 

97 

97 

gm/cc 

1.85 

1,84 

1.90 

1.91 

1.93 

87 

87 

90 

90 

91 

gm}oo 

1.87 

1.89 

1.95 

20l! 

2.08 

-

88 

" 

------- -

fable 7.6 \Dynamic Vs Static Compaction of sands 

Lift thickness em. 
Loooo compacted 

30 20 

" 30 

Hours worked 

3411 

160 

Total cost 

Rs. 21.924 

Rs. 24,000 

200T 
Static compactor 

1.69 

1.74 

1.76 

1.73 

1.69 

Table 9.1 

No of 
passes 

7 

3 

Tablll 9.2 

Output cu.m. 

19785 

20380 

Table-9.3 

Density cm/cm1 

Time 

15-T 
Vibmtory roller 

Moisture 

1.69 

1.74 

1.76 

1.73 

1.70 

Dcy 
taken, min. contenl, percent density gm/cc 

----------

6.6 19 1.65 

2.7 20 1.70 

Output per hour, cu.m. Density gmlcc 

56.85 1.65 

127.3] 1.70 

r 

Cost/hour Cost/cu.m. 

-------

•• 63 Rs. 1.10 

Rs. ISO Rs.l.l8 
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APPENDIX-A-Il 

List of Vibratory Rollers Manufactured or supplied in India 

I. Details of Vibr.ttory Rollers manufactured by M/s Dynapac (Sweden) supplied by MJs Escorts Ltd. 

Model Dc:.signlltion 

Roller chpmcteristics CCll cc 14 CC I4G CA25 
----- ----

Number of rolls Two Two Two Oo< 

Numher ofvibr.lling rolls Two Two Oo< Ooo 

Di;•mctcrofvibr.uing drum. mm. 1040 900 900 1525 

Rolling width. mm 1400 IJOO 1300 2130 

Total weight (static), kg 6600 4350 4250 10400 

Load per em of vibrating roll contact (sl<Uic). kg/em, fronl/rear ll9/ 15.8/ 173 28.8 
243 17.7 

Weight on vibr.Jting roll Kg. fronl/n;ar 3200/ 2050/ 2250 5900 
3400 2JOO 

Amplitude. mm 0.35/ 035/ 0.35/ 0.8/ 
0.1 0.7 0.7 0.7 

Frequency. vibrntionJmin. )000 2500 2500 2000-2400 

Z. Details of Vibratory Rollers manufactured by M/s Alberst(Fmnce) supplied by M/s Larsen and Toubro Limited. 

Model designation Sismo- Sismo- Sismo- VM VM VAIO VAIO VAIO VA 10 VAIO 
pactor pact or pactor 1203 1204 ST DT DV DP SP 
IT900 1T901 IT 1600 

Number of rolls Qo< Ooo Oo< Ooo Ooo Two Two Two Ooo Ooo 

Numberofvibraling rolls Ooo Ooo 00< 00< 00< 00< 00< Two Oo< Ooo 

Total weight (static), kg. 8500 8600 19000 14200 15700 7fRJ/ 8000/ 8800 8400 8200 
8600 9000 

Weight on vibrating roll 7400 7400 16000 SHIO 10100 4400 4400 4400 4200 4000 
(static). kg. 

Load per em of vibrating 33 33 58 J7 46 Jl5 31.5 li.S )0 285 
roll contact (5tatic). kg/em. 

Amplitude. mm 12 133 O.IIJ 0.66 0.66 "" 036 036. 036 036 
1.25 1.00 1.00 O.S7 057 057 051 057 
1.67 133 133 0.78 0.78 0.78 0.78 0.78 

Frequencies. 1380 1380 1500 1500 1500 1560 1560 1560 1560 15« 
Vibrations/min. to \980 to 2220 to 198(1 to 1980 to 1981 to 2700 to2700 "'2820 to282U to 2820 

Rolling width. mm 23SO 2350 2900 2200 2200 1400 1400 1400 1400 1400 

Diameter of 12()0 1200 1600 1500 1500 1350 1350 1350 1350 1350 
vibrating rolls. mm 

3. M/s Jessop & Co. Ltd., in collaboration with M/s Aveling Jessop Ltd. of U.K. are manufactur
ing vibratory. rollers in India. The machine with appropriate modifications can be used for compac
tion of soils, granular materials and bituminous mixes. Treaded penumatic tyres are interchangeablO 
with steel rolls. Vibratory drum can be replaced by padfoot roll. 

Total weight 

Wcigh_t'on vibralory roll 

S1<11ic rolling pressure 

Frequency 

Centrirugal rorce 

10434 kg. 

5654 kg. 

260 N/cm. 

2300 vibrations/min. (maximum) 

14515 kg 
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Total applied force 

Roll width 

Roll diameter 

Engine 

Speed 

Cost 

20169 kg. 

2133 mm 

1524mm 

102 BHP 

0 to 187 rnlmln. 
0 to 375 m/min. 

Rs. 8 lakhs approximately. 
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4. Details of Vibratory Roller Manufactured by M/s Elektromag Devices Pvt. Ud., New Delhi 

Total weight (Static) 2300 kg. 

Rolling width 

Frequency 

Cost 

900mm 

4000 Vibrations/min. 

Rs. 1.78,500/-

5. Details of Vibratory Roller manufactured by M/s International Engineering and Construction 
Co., Calcutta 

Total weight static 

Weight on Vibrating roll 

Rolling width 

Diameter of vibrating roll 

Linear contact pressure (Static) 

Linear contact pressure (dynamic) 

Model VR-75 Maximix 

1800 kg. 

1000 kg. 

1000 mm 

650mm 

10 kg/em. 

30 kg/em. 

6. Details of Vibratory RoBers manufactured by M/s Usha Atlas Hydraulic Equipment Ltd .. 
Calcutta. 

Total weight, Kg. 

Weight on vibrating roll kg. 

Lead per em of vibrating roll 
contact (Static), kg. 

Rolling width, mm 

Diameter of vibrating roiL mm 

Amplitude. mm 

Frequency, Vibrations/min. 

No. NH-11052/1/87·NHIII Dl 

To. 

Vibrol D 60 

650 

55 

686 

4500 

Model Designations 

Vibrol R 91 

1833 

914 

0.45 

4020 

A!-1 Chief Engineers of States and Union Territories dealing with roads 

Vibrol SP- 200 

10320 

5660 

2100 

1370 

1.45 

2980 

Dated the 9th March, 1987 

Subject: Installation of settlement plates and heave: stakes for monitoring high embankment performance 

In addition to special attention required for the design of high ·embankment, there is also a need for 
monitoring its behaviour and performance, during and after construction. For cases with marginal factor 

• 


