
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 

• 
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of safety and/or with inadequate investigation data. this is considered to be a must In most other cases 
·also, a systematic observation and recording of data may be found to be most rewarding. 

2. Though various sophisticated devices have been manufactured for monitoring ateral and vertical 
movements and pore pressures in the embankment., two very simple devices in vogue which can be easily 
installed and monitored by the field staff are_ settlement plates and heave stakes. Instructions to install 
these devices and recording observations had been circulated as Annexure 'K' & 'L' with this Ministry's let· 
ter No. NH-VI-50(21)fl9 dated 25.1.1980. In order to encourage installation of heave stakes and settlem"ent 
plates in more and more cases of high embankments these instructions have now been rewrilten in 
specification form. These instructions on settlement plates and heave stakes together with drawing are 
enclosed If some simple precautions are taken and procedures outliried in the enclosed instructions are 
carefully followed, it may be possible to avert in time serious adverse situations and with [be help of timely 
remedial measures to avoid costly failures in the long run. 

3. The enclosed instructions are by no means comprehensive and your comments on the procedures 
outlined therein or addition modification suggested in the light of your experience in actual use of these 
devices in the past are welcome. It shall be highly appreciated if the febJ-back information specially for 
interesting cases describirig the observations recorded and how these have helped in interpretation of 
actual behaviour of the high embankment during the construction and adoption of stabilising measures in 
time, is forwarded to the Ministry. 

; 
End oj/etter No. NH-11052/1/87-NIHH Dl dared the 9th March. f987 

SETTLEMENT PLATES 

SPECIFICATION PROCEDURE FOR INSTALLATION AND RECORDING OF OBSERVATIONS 

I. Specincalions 

SeUlemenl p\ales shall consisl of sleel p\alc. Oangc. pipes and plug when fully instlllled as per Fig. I. The lhickness of 
each component and material shall be such lhat there is no defonnaLion during installalion or the period of setllement 
observation. 

2 Installation 

The plate supporting a Oange one to which a section of pipe 1.5 m long is attached will be installed firsl As the rill is buill 
up additional section will be coupled to the pipe. The eh:vation of the lop of each section will be determined as soon as it is 
installed and juSt bcfon:: !he next section is added. 

3. SpaciDg&l.ocation 

For m:ording the maximum settlement under the embankment !he settlement plate (Fig. I) should be installed along the 
ccn~ line of the cmbao.ko:!enL When: mising/widcning of an existing embankment is involYCd, the settlement plates may be 
placed at the toe of the existing cmbankmenL The spacing bei\W:en senlement plates shall not exceed .60 m. Settlement "platrp 
shall be provided in stn::tehc:s where embankment height is more than 6 m and allocations as decided by Engineer-in-charge. 

4. Taking Readings 

Taking lhc readings consists-of recording !he RL of !he top of lhc pipe wilh n:ference to a sccun::d bench m11rk located 
away·from the zone of influence of !he embankmenL During construction, readings shouJd be taken al initial installalion and 
at weekly interwls thereafter Ql" every time an extension piece is added to the riser pipe. After the construction is over, readings 
may be taken at monthly intervals thereafter till the incn::mental settlement bas been renden::d ncgl..igible. In case. a fastn~te of 
settlement is hpected as in poor ground, the frequency of the settlement obsmations may be regulated that the incn::ment of 
settlement observations docs not exceed 20 em. The obscNation may be m:onled as per proforma given in Tablc-1. 

5. Precaution 

The sctllemenl plate should be carefuUy installed on a level patch of a ground so that the verticality of the riser pipe is 
ensured. Some can:: is neccssacy to ensure that the riser pipe is not disturbed by construction machinery. Fonbis purpose, an 
area of 2rn X 2m to 3m X 3m around the riser pipe can be isolated with temporary light fencing or removable barriers (e.g. 
empty drums}. Opemtion of the construction machinery beyond 2 to 3 m of the riser pipe should not, in general distribute the 
settlement plate. It will be advisable to protect the pipe by temporarily slicing O"VCT it (without touching) a steel pipe of bigger 
diametre during construction work. of pavement around the area. The soil in the area around the riser pipe should be compac­
ted by using light tempers. It sbouJd be possible to devise practical working procedun::s in these n::gards at each individual site 
afier a little of working experience. AsJy unexpected or sudden change in the rate of settlement should be promptly investigated 
to ascertain if then: is any disturbance with the settlement plate or otherwise if the stability of the embankment is affected 
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Table· I Foundmion Settlement Readings 

Project B.M. Reference 
Location 
Division 

Chainage Reference 

Locntion 
Design Date R.L. Length RL Seuh, .. Total Current lnitiab 

Seule- Ch. Offsel hL of of 00 ofri~er of mentl Scble hL of •• or 
ment on CL ifnny embank- Obser- "' pipe .... heave men! or embank- marks Observer 
Plntc from CLmcnt vat ion of (includingpllllc Of base heave mcnt 
No. above riser lhickncu (CI.6 plate of base above 

CLot pipe of base ·Col. 7) since plate G.L. 
location plate) ~~· ='" of n:adings dol~ 

settle· f" 
men! 

2 l 4 s ' 7 8 9 10 II 12 13 

+ .. sclllcmcm 
--heave 

HEAVE STAKES 

SPECIFICATION. PROCEDURE FOR INSTALL4TION AND RECORIJING OBSERIIAT!ONS 

l. Specification 

Heave stakes shall oonsisl of7.5 em X 7.5 em X 100 em seasoned timber peg installed iil 40 em X 40 em X 50 em. PCC 
block with the top of concrete block at ground level as shown in Fig; 2. A nnil shall be driven at the top of the peg to serve as 
reference point The material shall be such that it does not defonn during observation period. 

2. Location and spacing 

Two rows .:11 heave stakes at offset distances of 2m and 5m from the avemge loe line ofembankmenl (or ol the stabilising 
bcnn, where one is provided) shall be laid out along straight lines ranged with the help of a theodolite and !he ends of the 
straighllines should be defined by pennanent reference pillars located away from !he one of infiucnce of the embankment The 
longitudinal spacing between the heave stakes shall be 10 m. The layout of heave stakes shall be as per Fig. 2(C) for slriaght 
alignment and Fig. 2(D) for cur.'ed alignment 

3. Taking Readings 

Toking readings cons1sts of recording the lateral shill and changes in the RL of the toe of heave stakes wilh reference to 
its initial position. This requires !hree types of observations. Firstly the theodolite should be positioned to range the reference 
straight line whose ends are already defined and the offsets, if ony, from this straight lines of the lop of heave stakes shall be 
recorded. Secondly inclination of the heave slakes should be observed using plumb bob or any other simple device (for small 
inclination. the tangent value may be taken to be equal to the angular value of the inclination). Thirdly RL's of the tops of the 
heave stakes should be calculated. In case any change is noticed in I he longitudinal spacing between the heave slakes, the same 
should also be recorded Any apparent damage to heave stakes or distrubancc of their position should be noted. The rcading:o 
shall be taken in profonna given in Table 2. 

Project _ 
Locatio 
Division_ 

Heave Location 
Stake No. Ch. on CL Offset 

of Emb­
ankment 

from CL 
em.bBDk· 
ment 
(mention 
U/S or 
D/S) 

Date 
of 
obser­
vation 

Table-2 Heave slake Readings 

Offset In eli-
to top nation of 
of heave heave 
-take from stakes 

Jho with ref. 
theodolite Jo Jho 
mnged vertical 
ref. line+= +=to-
10wards 

_ .. , 
embankment ei:nbank· 
-=away 
from the 
embank· 
mcnt 

ment;- = 
away from 
embank­
ment 

B.M. Rdcrcnce ______ _ 
Chainage Reference ____ _ 

R.L Current 
of the top height of Remarks 
of heave embank-
stake mentover 

GLat the 
position 
of heave .... , 

I 

Signature 
or observer 
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A. SETTELMENT PLATE 

~111 ,.., jj$ 

T 
1.5m LENGTHS 
AS REOD. 

+ 
L5m 

[

SURFACE 
.r--P LUG OF FlU. 

1:=3;:.:•: FLUSH-JOINT PIPE 

FLUSH JOINT · 

' 

/

FLANGE 

ORIGINAL r GROUND SURFACE 

TEEL PLATE 
0.6m x 0. 6m OR LARGER 

c. ADDING RISER PIPE DURING CONSTRUCTION. 

---~ -t-E~R-:,:~W-;,;K-
.I ' ' 

-:r=---- -----
I.Sm 

t EARTHWORK 

1.5m 

B. TYPICAL LOCATIONS OF SETTLEMENTS PLATE 
AND HEAVE STAKES 

3m 2m 4Lj -BERM 

I 6 / ::::1 

I~ 

FOR LONGITUDINAL SPACING REFER TO 

NOTE 2 

.L SETTLEMENT PLATE{FIG.Al 

HEAVE STAKE {FIG.2l 

NEW EMBANKMENT. 

EXISTING EMBANKMENT 

FIG. I-INSTALLATION OF SETTLEMENT PLATES 

' 

NOTES 

I. SETTLEMENT PLATES SHALL BE INSTALLED IN STRETCHES WHERE 

DIFFERENCE BETWEEN TOE LEVEL AND ROAD LEVEL IS MORE 

THAN 6m. 

2. ONE SETTLEMENT PLATE SHALL BE INSTALLED AT EACH CROSS 

SECTION AT THE MAXIMUM AT 60m INTERVAL AT CENTRE LINE 

WHERE NO RAISING IS INVOLVED AND AT TOE OF EXISTING EMBANK­
MENT WHERE RAISING IS INVOLVED AS SHOWN IN FIGURE I B. 

3. THE THICKNESS OF EACH COMPONENT OF SETTLEMENT PLAT-E AND 

THE MATERIAL SHALL BE SUCH THAT IT DOES NOT DEFORM 

4. THE PLATE SUPPORTING A FLANGE TO WHICH A SECTION OF PIPE 
I.Sm LONG IS ATTACHED WILL BE INSTALLED FIRST ON LEVELLED 

GROUND. AS THE FILL IS BUILT UP ADDITIONAL SECTIONS OF 

PIPE I RISER PIPE l WILL BE COUPLED. THE RISER PIPE SHALL 
PROJECT SUFFICIENTLY ABOVE EARTHWORK. 

5. SOIL IN AREA 3m x 3m AROUND RISER PIPE SHALL BE COMPACTED 
BY LIGHT COMPACTION EOUIPMENTS WHICH DO NOT CAUSE ANY 
DISTURBANCE TO SETTLEMENT PLATES. 

· 6. THE ELEVATION OF EACH SECTION OF RISER PIPE SHALL BE DETER·· 
MINED AS. SOON AS IT IS INSTALLED AND JUST BEFORE NEXT SECTJGJ 
IS ADDED AND 1\T WEEKLY INTERVAL DURING CONSTRUCTION FROM 
THIS READING SETTLEMENT OF THE BAS£ WILL BE CALCULATED. 

7. ANY UNEXPECTED OR SUDDEN CHANGE IN SE. TTLEMENT RATE SHOULD 

BE PROMPTY INVESTIGATED TO ASCERTAIN IF THERE IS ANY 

EXTERNAL DISTURBANCE TO THE PLATE OR THE STABILITY IS IN 

DANGER. IF LATTER BE THE CASE THE CO~STRUCTION SHOULD 

BE HALTED AND MATTER REPORTED TO ENGINEER- IN- CHARGE. 



oJ-' ··' • .__. ' ',_. 

~
PERMANENT REFERENCE PILLARS ON SECURE PERMANENT REFERENCE PILLARS ON SECURE 
GROUND FOR DEFINING INITIAL POSITION OF GROUND FOR DEFINING INITIAL POSITION OF 
HEAVE STAKES. HEAVE STAKES. 

--..j<,_ _____ (APPROACH SEGMENT FOR WHICH) --------!-~{25M '-->f 
MONITORING OF EMBANKMENT 

X 

~ NAIL DRIVEN ON TOP 

L---~c_"""-_:::r--WITH l:INES MARKED 
L ON IT ALONG AND 

PERPENDICULAR TO 
p 

PERFORMANCE IS REQ.D. 

TWO ROWS OF HEAVE 
STAKE@? 10M%_ 

THEODOLITE RANGED REFERENCE 
STRAIGHT LINE DEFINING INITIA 
POSITIONS OF HEAVE STAKES. 

·-13--· 

<AI PLAN THE INITIALLY SET 
7HEODOLITE RANGED 
STRAIGHT LINE. p ---------- -L~-~~~~~·~~~ ·:~~;---- -- AVERAGE TOE LI~~E 

OF EMBANKMENT. 

' 
NAIL WITH FLAT TOP TO 
SERVE AS REFERENCE 
POINT FOR LEVELLING 
AND SIGHTING 

l C I LAYOUT ON STRAIGHT ALIGNMENT 

f I 
MIN 

60CM -?CM X 7CM X IOOCM LONGlMINI 
'•) SEASONED TIMBER PEG. 

G.L 11:4:8 C.C.EIASE 

.-:~: --: -_p:-:lt "• 
.. .. ·. "'·IJ, 

MIN . .. •·. ·• ) '· '., MIN. 
40C

1
M ; ·.~: ;, ' : ._; : 5l0CM 

- . ( . 
~:~ -'.:· .... ~.·::; 

!+-- 40CM---tooj 

lBI CROSS SECTION ALONG X-X l OJ LAYOUT ON CURVED ALIGNMENT 

I. FOR LOCATION OF HEAVE STAKES WITH RESPECT TO CROSS SECTION 
REFER TO FIGURE I. 

2. PERMANENT REFERENCE PILLAR FOR POSITIONING THEODOLITE 
SHOULD BE KEPT AWAY FROM ZONE OF INFLUENCE OF EMBANKMENT. 

3. THE MATERIAL FOR HEAVE STAKE SHOULD BE SUCH THAT IT 
DOES NOT DEFORM. 

4. LATERAL SHIFT WITH RESPECT TO THEODOLITE RANGED STRAIGHT 
LINE UF ANY!, INCLINATION OF PEGS AND REDUCED LEVELS OF TOP OF 
PEGS SHOULD BE OBSERVED ATLEAST ONCE IN 7 DAYS. 

5. ANY MOVEMENT OF PEGS SHOULD BE PROMPTLY INVESTIGATED TO 

ASCERTAIN WHETHER IT IS DUE TO EXTERNAL DISTURBANCE OR DUE 
TO GROUND MOVEMENT. IF LATTER BE THE CASE THE CONSTRUCTION 
SHOULD BE HALTED UNTIL MOVEMENT HAS STABILISED AND MATTER 
REPORTED TO ENGINEER IN CHARGE 

. FIG 2 - INSTALLATION OF HEAVE STAKES 
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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. 


