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Ground Improvement Techniques Applicable to Sri Lanka

S S
ot

Dr. S. A S Kulathilaka — University of Moratuwa
1. Introduction

Increasingly civil engineering structures and infrastructure are to be built in areas where
existing ground conditions are not very satisfactory. For example in Sri Lanka in and
around Colombo most of the good grounds have been already used and new structures
are to ke erected on weak-soft ground.

In these situations Geotechnical Engineer can either

e accept the limitations imposed by the in 51tu soil propertles and design the foun-
dation accordingly, or :

e Can improve the properties of the existing ground to the desired level

If the letter alternative is more economical; naturally that is what should be adopted.

In this process of “ground improvement ”; desirable properties of the existing ground
such as strength and stiffness, permeability, durability and volume stability are improved.
In general, the improvement is brought about by controlling the void ratio of the soil
(densification), by introducing a cementing or water plooﬁng agent, or by mJectmg a
substance to fill the pore volume (solidification).

The mcst appropriate ground improvement technique for a site can be selected giving
due consideration to factors such as; site condition, s1gmﬁcance of the stx ucture and

,apphed loadmg and period of constructmn

1. tl]osgia,plblicg]rqilié to cohesi\}e soils,

2. those apphcable to cohesxonless soﬂs and ,

3. other methods

As we have to deal mainly with soft organic clays and Peats in Sri Lanka this paper w111

concentxate on methods apphcable to such soils.

Cyrd
-‘-7!.U.

‘ZA;Met}‘fg:dsf App"libable tQ "C"c'v)hés’ive'_Spi,l's.

" ‘Methods that can be applied to Improve soft - weak cohesive soils a;fe;
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L. Replacement, E L ) ‘
2. Preléading; methods based on consolidation of the clay by loading;
e preloading without any special drains,
o preloading with vertical drains,
- 3. Methods based on consolidation with no external load ;
o vacuum consolida,fion,
e quick lime plle,
4. Methods based on chemical reactions ;
o deep mixing method,
‘e heat treatment,

"o electro chemical 'g'r.éauting,

L)

5. Methoids of mechanical stabilisation forming composite ground;

e sand compaction pile,

k)

e stone columns,

6. Dynamic consolidation - Heavy Tamping of the ground

o
B

Methods in categories 1, 2, 3 'and 6 can be dpplied in Sri Lankan, situations without
making big investments for specialised and expensive machinery. ' ‘

- 3. Replacement Method
"In this method unsuitable soft cohesive soil excavated and replaced with good sand. This
~ can be used only for small scale jobs when soft layer thickness is small. For structures

with increasing scale amount of soil to be removed is massive and this method may not
be practical. Furthermore, soil to be removed may.be highly polluted and there can
be drastic environmental effects due to their removal and exposure to the atmosphere.
Removal can also have unfavourable influence on existing adjacent structures.

4. Preloading Methods : Consolidation by External Loading

4.1 General

* In these methods aload equivalent to or exceeding the design load on the soil (due to
the structure) is applied before the construction and left until the required consolidation
of the soft clay is achieved. The time period over which the load should be kept is
termed “preloading period ”. During this tirhe soil will consolidate 'and will increase it’s
shear strength. With the removal of the preload soil will become an overconsolidated

LAy
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soil. When soil is loaded again due to the we1§ht of the structure it will behave’ as an
overconsolidated soﬂ and res1dué,1 settlements due to the structure will be small

It is usual practlce to provrde the preload by an earth fill. ( Any other constructmn
material can also be used). This filling process is done gradually, or sometlmes in stages.

Thus the soft soil below will consolidate under the preload gradually and galn strength. -

Soil unde rieath should be able to bear the weight of the. filk without causing any shear
failure.” If the preloading fill is not sand or gravel, a drainage layér is necessary at the
under,surface of the fill. For this purpose a sand or gravel dram or geotextlles may be

-used

Preloading results in one or more of the following three effects;

1. Primary consolidation settlement,

2. Secqndary cdnsolidation settlement,

-3 Increes_ed undrained strength Qf the soil

.’1

Preload may be equal to greater than the de31gn load of the structure When the pr eload

applied is greater than the design load the excess is termed as “ surcharge ”. Required “
preloading time ” can be estimated using conventional consolidation theories. Settlement
Vs Time, curves for the backfill for, preload equal to design load and preload with two
different surcharges are depicted in Figure 1. Preload should be kept till it causes a
settlement equal to that would be caused by the design load. Let ps be the design
load intensity due to the structure and the surcharfge at two instances be py; and p,s.
(ps2 > ps1)..Under the design load of pf,'loﬂ'% (or 90%) consolidation will take a time
ts. If a preload equal to the design load is apphed on the soil 1t should be maintained
for a timre period of t5. (curve (1) ). ' i

If the preload is greater than the design load say ps+ps:, the Time - Settlement behaviour
under the preload can be presented by Curve 2. There the final settlement that would
occur urder the preload would occur only after a time ¢5;;. Thus the preload can be
removed after ‘that time and the constructlon of the structure ‘may be started Wlth a

may be Jemoved after time ¢,,.

During this time void ratio of the underlying soil will decrease from point A to B in
the e Vs logo, plot. When the preload is removed soil will unload and rebounce and
the void ratio will increase from point B to point C. With the reloadmg due to the
construction of the building soil will reload from point C to B. It is very clear that the
reduction in void ratio from C to B is much smaller than that from A to B. Therefore
the settlement due to the construction of the structure had been considerably reduced.

Other advantage is that the shear strength of the soil has also been increased. . ..
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Computation of Preloading Time ~

Let the effective vertical stress in the center of the soft clay layer be o, the design
load of the structure ps and.the surcharge be p,; The expected pr1mary consohdatlon
settlement due to the de&gn load will be; ‘

o H o, + Py )
s = .1 ~yo FJ
‘ :;f ‘ 1_+ €o c Aog( Tyo )
where |

, H Th1cknes< of the soft clay layer , ' e
, = Natural \01d ratio of the soﬂ (under oy,) " .

The primary consolidation settlement that would occur under the preload with a sur-

charge is given by ;
.' N o . H . O' + pf + ps
g : Opes = C.log | =———)..
T T Og( T

BEFIC

If Uy, denotes the degree of consolidation of the soft clay required under the preload
of intensity p; + ps, to produce the 100% consohdatlon settlement expected under the
de51gn load, it can be written that;

6 = Upsbpsor
N LA ),
T gt (3) (14 2)]

Note - Above equations are valid enly if the prelOading is taking soil along the virgin
compression line. { that is when the preloading is most effective ).
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Having obtained the “degree of consohdatlon U’ requlred ﬁrst “ Time factor - T” can be
found. Then the actual time requlred can be estlmated havmg considered the drainage
conditions.

Monitoring of field behaviour

At the design stage preloading time required under the applied preload can be esti-
mated theoretically based on the laborat{)ry determined consolidation properties of the
soil. Nevertheless consolidation behavioir. in the ‘field can be quite different. Thus
the monitoring of field consolidation behav1our is essential. Settlement gauges can be
placed in the fill and peizometers shall be placed in the clay layer to monitor the pore
water pressure dissipation. Decision to remove the preload shall be made only after
confirmation of the field consolidation behaviour.

Secondary compression caused by preloading

Generallv, the primary consolidation settlement’ predominates in preloading and for

many preloading projects it is the only one considered in design.

Secondary consolidation settlement takes place at the same time with the uch larger
primary settlement. The secondary settlement can be gauged from Figure 2, presented
by Bjerrum (1972), for the relationship between void ratio and effective stress.

When the load p; + ps is applied to the clay surface, the path “ abd ” will be followed.
Primary consolidation will take it along path “abc” and secondary consolidation along
“dc”. If the preload consisted only of ps, path “bf” will be followed during primary con-
solidation and path fe will be followed during secondary consolidation, and the secondary
compression will take a very long time.

This figure illustrates that both the magnitude and the rate of secondary compression

- -under the design load are reduced by the prior application of .a preload.

For this to be of practical significance preload must remain in position until well after
the excess pore water pressures in the layer have dissipated.

Secondary compression at time ¢, at a rate §; is given by;

8, = CoHplog(ts/t,)

where SR E
H, = Thickness of the layer at: tlme tp.
C, = Coeflicient of secondary compressmn

"The settlement behakur of a clay under the loads py and pf+ p, is illustrated in Flgure

3. If no primaryor secondary comipréssions are to occur under the design load py, the
preload vy + p, must be sustained for a period tsg such that the total settlement, ésp is
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- Figure 2: Secondary compression caused by preloading - Bjerrum (1972)

the sum of the primary and secondary settlement that would have occurred under the
load py alone. i. e.

bsr = b5+ dsc

: C9H ool +py
b = dog—"—"
I ,.,'__;1+eoc T
it P ‘ . ts
550 = (H— 5f)CaZOg—t~
o

The desired settlement §sp can then be félatéd to ﬁhe p\r'i'_rfha,rysettlemé_rit under the load
ps + ps by;

0sr = Usysbiis
substituting we get;

(1 - Calog%j) log (1 + ;’Zf;) + -g—‘:(l 4+ eo)log:—z
[+ ) )

Usys =

The preload time can then be readily calculated from U;,. The secondary consolidation

time ¢, is selected in relation to the life of the structure or as the time réquired to give

- a desired magnitude of secondary compression compensation.

o)
;

2]
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‘summiarised with reference to this figure, thus;
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Figure ¢ 3: Determination of preload time necessary to eliminate secondary compression
under design load il

ir+. Undrained strength gain by preloading .

The compression.which occur under preloading results in increase in increase in the
undrained shear strength of the clay. The manner in which primary and secondary con-
solidation contribuite to this strength gain isllustrated in Figure 4.: It shows e Vis logo!,
relationstip for a clay together with the relationship between undrained shear strength,
sy, and the effective stress, o). The effect of loading the surface of the clay can be

1. If the loading ps (or py + ps) does not exceed the pre-consolidation ﬁressﬁfe pe (1.
e. If path ab is followed) no strength gain is expected. This is because the void
ratio has not changed appreciably. Lol T e o '

2. Primary consolidation along path be results in strength gain from B:to-C.

3. Secondgry consolidation along path cd results in a strength increase from C to D.

Strength gain due to primary consolidation is generally larger than that due to secondary
-consolidation. - S R : o

The prediction of strength increases resulting from consolidation are generally based on
field established relationships between “ Plasticity Index P1.” and the ratio s,/ Oy, Or
on undrained strength envelops obtained from consolidated ‘undrained triaxial tests. A
general indication as obtained by triaxial tests is given by As, = 0.2A¢".

Some experiences in strength gains are;



. Undrained
shear strength

log. oy -
Figure .4: Gain in undrained"sheaf':s{:rength due to>pr'elo;di£1g. L'Bje\’nié 49;2)

) e Rico et al (1969) - A shear strength Su increase from 15 - 23 kPa, over 30 months

e Lambe (1972) - A 100% shear strength increase of a 7 m thick soft clay due to a
230 kPa load, : :

o ‘Bbug‘es et al (1973) - A shear stfengt‘h increase from 30.-50 kPa, on a 24m thick
soft silty clay in Palavas France, after increasing the stress from from 75 - 130 kPa,
over 26 raonths.

4. 2 Preioading with Vertical Drains
4.2.1 General -

The major problem associated with the preloading projects is the “Preloading time”.
Provision of an additional surcharge to reduce the preload time can be costly and also can
cause instability. In such instances vertical drains may be used to reduce the preloading
time required and possible surcharge needed. Considering various consolidation theories
it can be sald that;

1. Time of one d1mens1onal consohda,tlon is a functmn of the square of the thickness
of the compressible layer “H”

2. Time of radial consolidation is a function of the square of the drain spacing “s 7

i1

I
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3. Degree of consolidation U,; of a combined process of l D Vertlcal consohdatlon
and radial consolidation is given by; A LR P

U, = 1=(1-0U,)1-U,) IR

where U, and U, are the respective degrees of vertical and radial consolidation at-a time:
Note - 5 v

‘ ' S _ %2 _-M?T;
U, =1 Mze

U, = 1—6%8(%

Use of vertical drains reduces the drainage path and also mobilizes horizontal perme-
ability which is usually much grater than vertical permeablhty Vertical drains can also
be ased in conjunctlon with dynamic consolidation. »

Vertical drains do not change the increase in undrained shear strength due to consoli-
dation. But as the rate of consolidation is increased strength gain will also be quicker.
Also vertical drains have no direct effect on the rate of secondary compression. But due
to the early completion of the pmmarv compresswn mgmﬁcant amount of SCCOIlddly
compression’ can occur early. '

Although the concept of vertical drains was developed more than a century ago, the
method was not applied until 1930°s. Since that time however, the method had been
widely used and great advances were made in the way in which the concept was applied
to solve practical problems. The abundance of hterature on vertlcal drains'is a reﬁectxonf
of the widespread use of the technique." b ‘ '

" Different types of vertical drains are;
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1. Sand drains, o . I. o _
2. Prefabricated S@nd“fﬂifa'il'ls,' |
3. Prefabrica‘ted--P-I.éé;ﬁi_b”(‘qfi"‘-:cd’_r‘ﬂb‘é%if‘ci;) ‘dtains, =

In selecting a drain for a particular s:v'itiﬁation fbﬂdwi_ng factors must 'bé ‘taken in to
account; R P Sy :

1. Comparative costs of the drain installation,
2. Smear and distortion of the drain walls - this will reduce the drain permeability,

3. Disturbance and lateral deformation of the soft ground: due to the:drain installa-
tion - this will reduce the permeability, coefficient of.consolidation and undrained
strength of the soil. '

4.2.2 Sand Drains

Sand:drains havebeen widely used since-around 1925. In this method vertical holes are

made through tte thickness of the soft clay layer and hole is filled with clean filter sand.

The range of diameter is from 200 - 500 mm and have been installed to large depth using’

different procedures. The most common iﬁStallatio_n methods are “closed mandrel” and
“open mandrel” methods. o .

Close mandrels consists of steel tubes closed at the lower end by a loose cap. They
were driven by percussion or vibration:or some other suitable means and then filled with
sand. Thereafter the tube is extracted. This is a simple and cheap method and is very
popular. However its major drawback is the disturbance caused in the in situ soft soil
by the displacement in both vertical and horizontal. directions. during the installation.

Opeh mandrels (whose bottom end is open) are also sdriilen?inv’co:=the-\;soi1=~by a similar

procedure. The soil inside the tube is later removed by jetting or by auguring. Thereafter

sand is placed in:the tube and the. tube is withdrawn. Disturbance -caused .during the
- installation process is significantly less than in the closed mandrel method. But. the

problem;of smear around the circumference still exists.: ...t ... .. .. ..

Some éxtensive investigations ha{/e.taken place about the performance of sand: drains. .
The installation method to be adopted largely depend on the local conditions and ex-

perience. . .. oo

Cepoclinarer

In::.—t;hq :si:ﬁé,dr‘a,ip;;_f are lbcated;:in a.square:grid or triangular grid as illusgtrateddn,Figu'res :
6.. Area serviced by, a sand drain can be. closely represented by a ciicle of an-area equal -

to that contained by the hexagon as shown in Figure 6 (b). .+ . .o .

AR

'
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Figure §: Layout of Vertical drains
4.2.3 Prefabricated Sand Wick Drains | ' ’ :
Prefabricated sand drains were first used by Dasidar et al (1969) in India. They are
made up of fabric stockings pneumatically filled with sand. They are usually installed
by the clcsed mandrel technique of sand drain installation.

Two main brands were known, namely Sand wick drains and Fabridrains.
4.2.4 Prefabricated Plastic drains

Sand drains are now been superseded by prefabricated plastic drains due to many ad-
vantages of the latter type. : SR

Oldeét.prlafabficasféd- drain was due to Kjellman(1939)-and was made up of “é'a:t'd_fz)‘oard.
At present over 50 different brands of plastic prefabricated drains are used in practice.

A prefabricated vertical drain can be defined as any prefabpicdted material or product
consisting of synthetic, filter jacket surrounding a plastic core having following charac-
teristics. : : : S .

1. Ability to permit porewater in the soil to seep into the drain

2. A means by which the collected porewater can be transmitted along the length of
the drain.

The jacket material consists of non-woven polyester or polypropylene geotextiles or syn-
thetic paper that functions as physical barrier separating the flow channel from the
surrounding soft soil and acts as a filter to limit the passage of fine particles into the
core to prevent clogging. The plastic core serves two vital functions, namely; to support
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the filter jacket and to provide longitudinal flow paths along the drain even at large
iateral pressures. ‘ R :

<

Figure 7 gives some characteristics of nine types of plastic drains out of a totakof about
50 brands currently available. - :

ot L 4 .
Main advantages of Plastic drains over sand drains are;
 They are less expensive, lighter in weight and more consisterit in quality.
e Their installation does not require water or sand

¢ They have no adverse effect on the environment ‘and the drainage blanket stays
relatively free from contamination. ‘

® they have a long working life period and can sustain large deformations. They will
" not shear or breakdown during precompression.

e They can be used to depths greater than 50m. . -+ . . .. o i

Diain’ Installation

The normal sequence of operations is as follows.

e Top soil is removed and a free draining blanket of 0:6-1.2m thJckness is pla,ced;
This will zlso acts as a working platform. _ \ '

e Mobilise the right type of equipment.
Conventional cranes with high booms can be used. However specific equipment,
sometimes known as stitches, may be more efficient. Choose suitable driving equip-

~ ment _a'n;c,i,_.:mandrel.“

® Place drain rolls on reels and insert the plastic band into the mandrel- fix a dis--

g ‘posablé.ér’;dl shoe at the to.e_(:)”f:the plastic band.

e Drive each drain vertically to the required depth, following the design patAtern.
Static pressure or vibration auguring may be required in compact fill.

e Pull up the mandrel and cut off prefabricated drain about 150mm above working
platform e]evation» : : - ;

Typical production rate is about 100 - 600 linear meters of plastic drains per hour. With

sand drains rate is about 10-30m/hr.

“.'?

fal
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Figure * 9: Vacuum consolidation

5. Preloading Methods : Consolidation Without external Loading
5.1 Vacuum Preloading

This is also known as vacuum dewatering and vacuum consolidation. Principle of im-
provemert Is conselidation of the soft clay as in the preloading. This technique can be
used either with or without vertical drains. - L

In the case of vacuum preloading an external preload is not applied. Soft clay layer is
covered with an impermeable membrane over the ground surface. Membrane is properly
sealed along the perimeter of the area to be treated. Some. times a sand layer of about
100mm thickness may be spread over the ground surface before covering it with the
membrane. Thereafter pressure between the ground surface and the membraneis lowered
to near vacuum level. With this hydrostatic pore water pressure is reduced by the same
amount:as the atmospheric pressure in the long run. As the total stress is unchanged

“this will result in an increase in the effective stress.

Vacuum preloading is often used in combination with with vertical drains to accelerate
the consolidation. A typical layout for vacuum consolidation is shown in Figure 9.

Advantages of the method are;

1. It does not require fill material - So 1t is ideal when fill material cannot be found
economically. ' '

9. Tnst allé,tioﬁ and the removal of the preload is easy.

3. It will not cause shear failures in the soft soil. Otherwise when loaded with a 11
one has to make sure that, the preload due to the fill is low enough not to cause
slope failures or plastic flow in the soil.

The major difficulty with the method was due to the problems of membrane étrength
strength and durability. Most of these problems are now overcomed.
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‘Figure 10: Effectiveness of Stone Columns - Engethardt et al 1974

An alternative to use of a surface membrane is the provision of a series ofiwells'to Wwhich
the vacuum is applied. (Figure 9 (b)). The vacuum well method can be carried out
concufrently with pumping from deep wells that penetrate any available,;more permeable
layers. In spite of obvious advantages of vacuum preloading it is not frequently used
till recently.. One well known case is - in Japan Australian Trade pavilion at. Osaka at
Hazawa railway station, 4 - 7m layel of humas and silty .clay was stabilised using this
- method. PVC plastic w1cks at 1m spacing were used -as-drains.. There was strength gain
between 50 - 100 %.

,6 0. Methods of Mechanical Stablhsatlon Forrmng Composn;e Ground

6 1 Stone columns

This is a recent method developed in 1960’s. This inethod consists-of forming vertical
holes in the ground and filling them with crushed rock to'form columns or plles conﬁned
by the soil. These columns fulfil two functions ' :

‘1. Provide svtrengt'h reinforcement to the soil,

2. Act as vertical drains enabling consolidation to occur under surface loading.

‘Because of the relatively high modulus of the columns, a large proportion, of the vertical
. load apphed to the ground is taken up by the columnps. Beneﬁcml effects of stone columns
have been demounstrated by Engerlhardt et al (1974) (Figure 10)
Construction of the stone columns is carried out in two stages;
1. Borehole is drilled to the required depfh using a vib:r:a'to'ry drive elethent - Vibroflot

or a torpedo, (Counsists of a pointed cylinder 2 - 5m long and 0.3 - 0.4 m dlcunetel)

2. The vibr: 1tory element is removed and the hole is ﬁlled W1th crushed 1ock
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Installation equipment and procedure for stone column construction:

(a) torpedo for hole formation, (b) column construction.

S

{a)

Figure "11: Installation of Stotie Columns
Process is illustrated in Figure 11.

Factors governing stone column behaviour are;

1. Undrained shear strength of the soil,
- 2. In situ lateral stress of the soil,
3. Régiia-I stress - strain characteristics of the soil,

4. Initial column dimensions, and
5. Stress - strain characteristics and angle of inté%rial'fricﬁion ¢’of the column material

s

It can be seen that the stone columns are generally only applied in thick deposits of
soils of very low shear strength. Columns themselves do not penetrate the layer of soft
soil. Column diameters vary between only 0.7 -0.9 m and the density of installation vary
between one per 1.1 m? to one per 5.7 m?.

6.2 Cased Borehole Method

In this method piles are constructed by ramming granular material in the prebored
holes in stages using a heavy falling weight. (Usually 15-20kN) from a height of 1.0-2.0
m (Dalye and Nagaraja 1975, Bergado et al 1984). This method is useful in developing
countries as it does not require any special equipment. However disturbance and sub-
sequent ramoulding by the ramming operations may limit its applicability to sensitive
clays. Installation process is illustrated in Figure 12. '
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F igur'e 12: Cased Borehole method - Datye and N agaraju 1985

7. Ground Improvement by Heavy Tamplng

In this method ground is improved by the appliﬁation of very high blows to the ground
surface by dropping of a heavy rammer. This method had initially being applied only to
granular soils, bt it has been used recently on silts soft clays and on peat. Like other
methods of ground improvement it increases the shear strength of the soil and réduces
the settlement under the structures.

First a layer of granular matemal is spread over the ground surface for:a thickness of
about 1- 2 m. The rammer (weight - pounder) is then lifted and dropped by a crane.
Several blows are applied at one spot. A regular pattern of indentation is achieved. On

completion of the initial compaction pattern, the surface of the fill is levelled, and second ’

stage of compaction is applied. This second stage is apphed after waiting fo; a sufﬁc1ent
period for the dissipation of the excess pore pressures generated by the first stage. If
necessary further stages are carried out. Rammers used generally vary in weight from
120 kN to 200 kN and drops of about 20 m are common.

Menard and Broise (1975) suggested the technique is effective due to following reasons.

1. Many soft clays are not fully saturated, and the small percentage of gas in the
voids is dissolved.in the pore water under the hammer impact, thus reducmg the
void volume.

2. Soft clay often ligify under impact.
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Figure 13: Dynamic Compaction

3. The permeability is increased durmg compaction because of ligefaction, fissuring
and shearing and therefore pore pressure will dissipate rapidly. :

4. Thixotropic strength gain follows the shear strength decrea,ée caused by the com-
paction.. : : _ L . : ;

Sand columns can be formed in soft clay by systematically punching sand into clay by
dynamic replacement(DR). When increased energy was applied on'the sand column sand
jets eject from them into the peaty clay(Dynamic Replacement and Mixing -DRM). This
is suppose to disrupt the insitu s6il fabric nullifing its secondary compression character-

istics. Lo et al(1989) discussed an experience in Singapore.

With standard high energy impact technique one physical limitation is depth. Specially
‘when the soil is saturated pore water pressure dissipation is slow. There vertical drains
can be used in conjunction with the high energy jmpafc't-:yfmethod, Fibredrain, manufac-
tured in Indonesia from natural jute and coconut fibre had been used in several projects
in Asia(Lze et al 1988) ‘ |

8. Concluding Comments

In this paper a large number of ground improvement techniques that can be employed

to improve soft cohesive soils were discussed. The technique to be used for a project
depends cn;: '

1. Its suitability to the existing weak soil,

2. Machinery and other equipment and trajned personal available,



3.

Economy cf the technique,
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Construction of Upper Sub-Base w:th Cement Stablhzed Grave!ly
Soil on Colombo-Galle Road Devratlon from Moratuwa to |
‘Panadura via Egodauyana vy

D P Mallawaratchle
P Anyaratne

1.0 INTRODUCTTON

‘A new deviation from Moratuwa to Panadura Via Egodauyana on
Colombo Galle Road was proposed in 1980 by the then
Highways Department to ease. congest1on of traffic in the
Moratuwa Urban Council aIEdS and-the road from 0ld Moratuwa
- .. 'bridge to the 'Panadura “Town . as there were no other
.. o0 practically possible altetnat1ve This proposed deviation
-4 commences on the 19th km ai ‘Cross Junct1on in Moratuwa and
-zpfendb A Walana on the ’6th km.

T
B
R R

Out of 1tb Lkm lengtn.‘l 5 Km Iength qommcncxng from
Cross Junctlon at Moratuwa had been constructed upto the
base level-"and nominally surfaced with 1st and 2nd coat
applications by the then Highways Department. The balance
portion of the deviation of about 5.5km was constructed
under this proiect-by the hoad Development Authority which
was the successor to the Highways Department. The total
. width of right of way'of road was 27.2m, con31der1ng21dua1
- .carriageway of wldth 13.6m with two lanes in each direction
i and 1nclud1ng A centre med1an. shoulders and side drains.

-Based on the traff1c data and subgrade strength, the

designed pavement structiure of the road corsisted of a
dower subbase ofi'soil hav1ng<14 day soaked CBR of not less
‘than 8, an upper subbase of Oraveily S0il having a 4 day
soaked CBR.of not less than 20 and a dense graded aggregate
base and bitumen bound base cum surfacing.

In the area where this road was a1tuated there was a dearth
of suitable gravelly soil for the upper subbase, coupled
with a poor supply of suitable dense graded aggregate
s ..+ material for the base. Considering- these problems, it was

cer- i decided to use the available gravelly 3011A5y_1mpIOV1ng the
st =t ° -quality by cement stabilizing same to have an amended upper

subbase having a 4 day soaked CBR not less than 50 along
with a base cum surfacing of a bitumen bound base materiatl.
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In anc1ent t1mes stab111zed 3011 w1th cement1t1ous mater1al
such as lime were known as constructiof materials. In Sri

Lanka, many ancient monuments have been constructed by
using cementitious materials. Cement stabilization may be

defined as alteration of soil properties espec1a11y the

strength to meet specific engineering requirements. In road
werks, the purpose is to produce a material which is strong
enough to act as a subbase or a base and which retains its
strength in the presence of water. Strictly considering,
the cement stabilization methods fall into the category of
soil improvements, although, in general terms, they can be
considered as ground improvements u31ng 3011 for passage of
vehicles.

With the experience we have gained in the past, it has been
found out that we can construct very strong sub bases and
bases economically by stabilizing gravelly soils with
cement. Using this method, this section of road was
constructed by the Road Construction and Development
Company (Pvt) Ltd., (RC&DC) and supervised by the Research
& Development (R&D) Division and the Chief Engineer’s
(Colombo) Office of the Road Development Authority (RDA).
The intention of this project was to construct this section
- of the road to the best of our ability with the available
equipment and staff so that it could be considered as a
test track for monitoring its behaviour under a known
traffic condition. ' o S

In this project, a road pavement of a lower subbase of soil
of thickness 150mm having a 4 day soaked CBR of not less
than 8 compacted to 100 percent standard density, an upper
subbase of cement stabilized soil of  thickness 150 mm
having the required strength and a-'basé cum surfacing of
thickness 100mm was placed on a compacted subgrade as per
Standard Specification for Construction and Maintenance of
roads and bridges (SSCM). The ensuing sections describe the
construction of the upper subbase of cement stabilized
soil. The construction work was commenced in November 1990
and completed in November 1992.

MATERIALS AND INITIAL TESTING
"Selection of gravelly soil

‘Gravelly soil quarries available around the project area
were surveyed by the laboratory staff of the R&D Division,
. RDA. Samples from test pits were collected and tested at
the Central Laboratory of the same division.
All ﬁgraVéIly soils that were to be - used for cement

stabilization, were found to be having high plasticity
characteristics with excessive clay contents. Therefore in
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order to reduce the plasticity charactéristics of ‘such
soils, sands were blended with gravelly soil prior to
stabilization::Such sands were obtained when wide and deep
open soakage pits were excavated for drainage purposes for
the road. ' ' v :

The most suitable proportions of blending were decided
after carrying out trials 'in the ‘Central Laboratory.

;Ihehseleciioﬁﬁef‘gravelly soil for stabilization was based

on a 3 day moisture cured and 4 day soaked CBR of not less

than 50 as given in SSCM and a stabilized soil liquid 1limit
(LL) and plasticity index (PI) of not more than 40 and 15
respectively. Table 1 tabulates the material properties of
the gravelly soil before blending=with-san§ and after
addition of sand and 2 or 3% cement by weight of combined

-soil for one:.or two strata in the quarries at Dampe,

Egodawatte, Pinwala, Pinwala - Sepalika and Nampamunuwa.

-The material characteristics include the LL, ‘PI, optimum

moisture contents and maximum dry densities for standard

~conditions ofiwcompaction and the relevant cured and soaked

:'1A-GBR valuesivat 100  percent standard. compaction. As the
=peried«wof, :3oday curing:‘and 4  day soaking”® for cement

-stabdlized® soil -was:'~ considered “'téo long ‘a delay in

o

. construdkion activities, 1 -day curing and 3 ‘day soaking,
-was used.in this construction project. The CBR values that

were -obtained. in - the latter method ' of testing was
considered conservative when compared with the former as
specified in the SSCM.

The test results indicate that 15 to 40% sahd by total

- p»weight of soil has to be added to the cement stabilized
.z soil to reduce the LL & PI to the stipulated values and a
1.2 percent .Cement: by total weight of soil has to'be added to

obtain the regquiTted CBR value. As the efficiency of mixing

.in, the field is'tess than that in the Taboratory, it is the
-mormal practice. to specify an additional 1% of stabilizer

above the laboratory requirements for field work and in
this case 3% cement by weight of soil was used.

.Cementi_

lﬁ"Sanstha Thammanna" ordinary portland cement (OPC) was used

for the cement stabilization work in this project.

w-Acceptance:. testsiwere carried out according to the SLS 107
-t em&ureuthat4themstrength'characterfstfcs of the cement.

were obtained before the construction work. Random tests
were also carried out during'thebconstruction.
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.  Water .

_Potable water was used:for.the cement stabilization work in

the project.

CONSTRUCTION

" Equipment and Machinery

Construction equipment and machinery wused for the

.stabilization work are given below.

Front end loaders ~
Rotovator driven by tractor
Motor grader '

Water distributor bowser
8-20 tonne vibratory roller.

&, B0 SN ¥ B N I

Preparation of gravelly soil for cemernt stabilization

Selected gravelly soil and the above mentioned sand were
brought close to the location of laying 'site for stabilized
material and stock piled. . The roots, vegetable materials
and big lumps were removed manually from the gravelly soil

. before use. Then the gravelly soils and sand were blended
to. the 'correct proportions as: given -in Table 1. The
.prepared materials were stock piled at regular intervals to
‘enable easy mixing with machinery.

Stockpile mixing

iMéasured.Stockpiles~of ﬁhe dry gravelly soil - sand mix and

the correct amount of cement (3% . by weight of soil) were
mixed thoroughly with front end loaders until they formed
a homogeneous mix. This method was found - to be the best
practicable method, out of a number of procedures in mixing

-cement and gravelly soil tried out including insitu mixing

with a rotovator or a grader.

In batch mixing, the quantity of soil was measured using
the front end loader bucket. This was far more accurate
than taking the stock pile volume. Quantity of cement
required was calculated and added in bags of 50 kg. weight.

Uniformity of the mixture was excéllent when gravel was dry
and the mixing machine operator was skilled. A quantity of

120 cu.m. could be mixed per 8 hour shift.

Spreading of Material

On the compacted lower sub-base after watering the surface,
cement gravelly soil mixes were placed up to level peg

20
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3.8

. =marks, fhat'were'preViédéTypraCed according to the cross
teffall of the surface. Front end loaders were used to

“transport the material to the'reQui:ed areas and also for
“initial levelling. : 5

Watering the material

For uniform watering of the materials, water bowsers with
distribution bars were used. Whenever the sprinkler bar was
ndt working, watering ‘by manual means was adopted after
training the workmen. '

Mixing after watering

A tractor driven rotovator was available at the site for
"mixing after watering. Re-watering was carried out where
~the material was “partially wetted. This was followed by
rotovator 'mixing. Whenever ‘the rotovator broke down, the

" .grader’ was-used for mixing. This process was continued

uptil the cement soil mix was 1% - 2% moisture content

+above the optimum value, as there was evaporation during

mixing, spreading and rolling. However the field moisture
contents given in Table 2’indicate that they are lower than
the 0.M.C.. This is due to the hydration of cement that
takes place ‘during the period when water is mixed with the
cement stabilized 'soil. o I :

Levelling B
After the completion of watering and mixing, motor graders

were used for levelling the surface. Level pegs were taken
~as:reference points during the process of levelling. In the

.final levelling stage,; a String‘wa§jdrawn across the road

ina manner which showed the humps’or depressions in the
initially levelled surface. These sections were corrected
by cutting or filling and theé final touches were carried

.- out - using the grader blade. As Care;§hguld“be taken to
~rcomplete the rolling as given in 3.8.W,
~after addition of water for mixing, steps 3.5 to 3.8 should

~within 1 1/2 hours

be expedited. In view o0f this and as step 3.7 was time
consuming, special care should be taken to complete such
work without delay. - R ' ' :

Compaction

Vibratory rollers: were sent over the finally levelled
-surface for 8-10 passes. Initially two passes were carried
out without vibration and the balance passes were done with
maximum vibration. This procedure gave the required
'density. When there was insufficient water for compaction
it was difficult to compact“and ‘cracks appeared on the
surface. When there was too much of' water for compaction,
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the material .got adhered touthe roller and -the failure of
the layer took place by heaving. This indicated that the
watering shoulid be carried out uniformly and up to the
optimum moisture content (OMC). As drying could take place,
a maximum of 2% over the OMC was allowed.

Curing

l'aCemenf;stabiliied upper sub-base layers were cured for a

.10

[#%)

period of 7 days by continuous wetting of the surface.

Priming of the surface

When  the stabilized layers were Completely cured a

- bituminous prime: coat was applied. Cationic slow setting

(C88-1) emulsion diluted to 1:1 with water was used for
priming the stabilized layers.The ~surface was sprinkled
lightly with water and cledned using a power broom. Then
the prime coat was applied ‘at a rate of 1.0 1/sg.m. using
a,smallvbitumen-distributor. Whenever the prime coat was

- .damaged befone setting, such areas were reprimed.

Quality control tests

',Ali:possible:measures were taken to achieve good quality in

the construction of this project, during the selection and
acceptance of all materials and during - all steps of

~construction. A field laboratory was set up at the site in

addition to the facilities available at the Central

- Laboratory that . was only 10km away from the site.

Using these facilities, the tests such as maximum dry
density and optimum moisture ~content at 100 percent

- standard compaction, laboratory 1 day cured 3 day soaked

CBR values: at 160 percent standard conditions _of
compaction, field dry density, field moisture content by
oven drying and also by using a speedy moisture content
apparatus, degree of compaction and thickness of upper
subbase were carried out at various locations of the upper

- subbase construction work at intervals of 15 - 30m and are
~8ilven in Table 2. Field CBR values at intervals of about 50

to 100m were also carried out and are also'given in Table2.

After completion of mixing of cement and gravelly soil -
sand blend, samples were collected for laboratory testing

. as per a method given in Annex 1. The cement content in
.cement stabilized soils were determined by means of a

titration method. The results of these tests at various
locations are given in Table 2. As the acid used in the
titration was neutralised by both cement and alkalis in the

- 801l and as these soils - have varying percentages of

alkalis;yphis_test.can be considered as only a guidance to
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. see whether uniform mixing”is*doné,"Asf;hg&éement contents -
~determined by the'titration test as given in Table 3 varies
between 2.6 and 4.8 it may be considered that the mixing is
satisfactory. Y c

From the above results, it could be seen that the degree of
«compaction, laboratory CBR and field CBR values and the
thickness of the ‘layer were satisfactory in most cases but
from section to section the values varied with some of them
below the values for acceptance. A few sections where the
Iaboratory CBR was low, were Temoved and redone with fresh
materials. : ‘

. STABILIZATION WiTH HARDENED CEMENT

A request was made by an organization to make use of about
20 tonnes: of hardened cement that was to be disposed of.
Action was taken to explore the possibility of making use
~of the material for stabilization at this site.

Laboratory tests were'carried out by the Central Laboratory
4o .detéermine the content of hardened cement to be used if
. possible for the “stabiliZation. The material used for
-Stabilization in the laboratory was taken after powdering
in the field as given in the next paragraph. According to
the laboratory ~trials, it was reguired to use 12% of
‘hardened cement by weight of soil to get the specified CBR
value. o

A section of about 72m of this deviation was stabilized
with hardened cement on an experimental basis. Initially,
hardened cement was brought to powder form as much as-
practicable by means of a steel] wheeled vibratory roller
sent over same. The powdered material was found to be about
50% passing the 0.150mm sieve. The construction work was
carried out -in the same manner ‘as described for opcC.

" Results of random tests-similar to those given in table 2

PROBLEMS ENCOUNTERED AND COMMENTS ON THE METHODS TRIED ouT
Selection of gravelly soil k

The properties of materials from the various gravelly soil
quarries varied considerably throughout them. In some areas
of such quarries, materials inferior to those tested were
present. In order to prevent such. inferior materials being
brought to the laying site and thereafter being rejected,
a trained officer, was stationed at the quarry, with
samples of the earlier accepted materials. By this method
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"7 laying site for stabilization. '

,“onlyvselecped=grave11y,soil;wasfbrbﬁghﬁ”tojthe mixing and

Mixing gravelly soil with cement

The easiest method of mixing gravelly soil with cement is

by using a front end loader. However, as it was difficult
to obtain dry soil during<the wet season, it was solved as
given below. - = = - G -

During this season, when rain is eminent, the soil was

heaped up into high conical piles reducing the surface area
of pile and adequate drainage around the pile was provided
in order to reduce the ingress  of water into the area.
Whenever there was hot sunshine, the material in the piles
were spread into thin layers in order to dry same and to
obtain suitable dry soil for mixing.

Watering, levelling and compaction

The whole exercise of cement stabilization depends on the
steps of watering,:levelling and compaction. The important

‘requirement of compacted density, thereby the requirements

of strength, cannot be. achieved if the following are not

Efcarried out properly:- ’

1. Uniform watering and mixing the dry cement soil mix

: with water to keep the moisture content within the
tolerances. : ‘

2. Complétion of all the above prb¢edures within the

stipulated time period.."

It has to be emphasized that if the required densities are
not achieved: in a particular "area, then the cement

Stabilized material in .this area has to be removed and

redone and such an area cannot: be recompacted later as in

. the case. of lime .stabilized sbil. This is because the
,-cement stabilized material would have hardened without

achieving the required densities.

It is essential that the required equipment should be
obtained if we are to undertake cement stabilization work.
In this respect water bowsers with distributors, rotovators
and heavy rollers in adequate numbers in working order
should be brought to site before the work commences.
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CONCLUDING REMARKS .

The upper subbase of a road of length 5 1/2 km and total
 width of 13.6m have been successfully cement stabilized

 :u=1ng 'a combination of road construction and agricultural

"plant, mach1nery and tools. The techniques adopted at site
include the m1x1ng of selected dry gravelly soil with
- cement by using front end loaders and mixing the cement
,so;l mix with water by using a rotovator.

In future with the running out of suitable gravelly soils
for subbases having. CBR values of more than 20 a&nd
restr1ct10ns in the procuring of aggregate base materlals,
this method will have a lot of applications both as upper
subbases and bases. In this work it is.  recommended that
acequate plant and machinery in working order should be
available at site if such projects are to be undertaken.

With respect to costs, cement stabilized bases have .been-
found to be generally cheaper than dense graded aggregate
beses even at 1995 costs.
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ANNEX =01 ©

DETERMINAPlON OF CEMENT CONTENT IN CEMENT STABILIZED SOILS BY
MEANS OF A TITRATION METHOD

:::::::"_‘:'::::=======::."‘.‘.::::::_—.::::::=::::::::::::::::::::::::

The cement soil sample is reduced by quartering. Fifty gms. of
the sample is ground by using a mortar and pestle and sieved
through a 4z% um sieve. The sample 1is then oven dried at . a
temperature of 110% for three hours. Five grammes of this sample_
is taken and transferred to a 500ml capacity volumetrlc fiask.
100ml of decinormal Hydrochloric acid (N/10HC1l) is added to the
flask. The sclution is made up to 500ml with distilled water angd
shaken sthoroughly. The prepared solution”is kept overnlght for
the reaction to be completed.

50m1 of this clear solution is transferred to a titration flask
and a few drops of Methyl Orange is added to the solution as an
indicator. The solution is titrated against decinormal Sodium
Carbonate-{N/lO-Nafk%) in the Burette, whefi the cdicur’changes
from pink to straw colour. S ‘

The volume of unreacted acid 1s determined b?“the’above titration
and let this volume be V. Then the volume of decinormal
Hydrochloric Acid (0.1N Hcl) reacted with cement soil sample is
{100~ V)m] oo S o '

The percentage of cement in the cement soil sample is read
directly from the graph obtained as given below.

METHOD OF OBTAINING THE GRAPH FOR THE DETERMINATION OF CEMENT
CONTENT

Cement soils samples are prepared with varying percentages of
cement. Namely 1% to 5% of cement.These cement soil samples and
2 blank soil sample are ground separately and sieved through a
425 um sieve as previously done. The samples are oven dried at
a temperature of 110°C for three hours. Five grammes of each
samples 1s taken and treated separaftely with varying volumes of
decinormal Hydrochloric acid and the scluticns made up to 500mi
with distilled water described briefly as follows.

i. BLANK SOIL SAMPLE

Five grammes of the soil sample (without cement) is treated
with 30ml of decinormal Hydrochloric acid instead of 100ml
of acid as given above and ths volume of dec1normai
Hydzochlorle acid reacted with five grammes of soil sample
is determined as given above.

Similarly cement soil samples containing 1%, 2%, 3%, 4% and
5% cement are prepared and reacted with 50,70,90,110 and
130 ml respectively of N/10 HCL and the volume of
decinormal hydrochloric acid reacted with each sample is
found out,
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A graph is plotted with volume of decinormal Hydrochloric
acid reacted with the sample on the Y .axis and the

percentage of-cement:in the sample on’the-/X“axis.,

A typical plot of a such a graph for a particular soil is

given below. S

120

Volume 100 - — '////l
N/10 o , - o , :
HCL ' :
reacted 80 — . : -

with 5gm , ’
of mix ///////W
ml 60

40

20

0 1 2 3 4 5

% of cement  :
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Experiences in Heavy Tamping at Madiwela

W.M. Jayawardhane

. D.8. Jayasinghe

Link (Engineering) Ltd
Synopsis:

A 5.5 ha low lying land at Madiwels, close {0 the new
parltiament at Kotte was to be developed for a . housing schéme.
The land was owned by the Urban Development Authority, and
Link (Engineering) Ltd. was awarded the job - through
competitive tender.

Investigations revealed the existence of iarge amounts of peat
which would wundergo compression on filling as well as due to
loads during construction and afterwards. Heavy Tamping was
selected as the best method of ground improvement wunder the
given constraints. This paper describes the problems faced by
the developer in using this technique. " ’

'Introductéon:

" The Urban Development Authorzty decided to deveiop a low iyzng
land at Madiwela close to the Hew parliament for a housing
scheme comprising 340 units of two storey -houses. The scheme
was - comprehensive in the sense “'had  its, own_ Sewerage
disposal 'scheme, overhead tank, play_ ground etc.A . joint
venture by the name of Link Developments Ltd. was formed with
equzty participation from Development Finance Corporation of

~ Ceyion and National Development Bank and Link.It was the first
such- scheme to be undertaken as a joint venture between the
UDA and a private developer. ' R

Site Conditions:

‘The land was previously used as paddy fields and went wunder
water during the rainy seasons. The average level of the land
was 1.58 m above mean sea level. Although there was a canal on
one ' boundary the drainage was poor due to overgrowth and
siltation. : ) '

To bring the land above flood levels it was neces vsary to, fild
by an average of 60 cm. However the unprecedented floods of
1992, which occurred while  we were at the site, made it
prudent to raisé the fill by another 30 cm. '

' Soil investigations revealed _

" i.a ground water tabie about 0. 15 m below ground 1evel,
ii.the site was covered with a very weak and hlghly
compressible peat deposxt of thxckness about 4.0 m.
iii.for most of the site the peat was followed by grey
plastic soft clay. .

Loading as per design of houses: wall foundations aﬁrkn/m
Bearing pressure with 500mm wide footings 90kn/m2



Recommended consiruction methods:

Reccmmendations by specialists for the site were to select one
of the following methods.

i.fill the site by 1.5 m and allow to settle for 3 months
after which a settlement of about 0.39 m. could be
- expected.Then use shallow foundations. ’

¢

ii.¢ons{ruct foundations ohftimber piles driven to sand
at 6 m depth.

ili.remove 1.5 m of peat and replace with sand and wuse
shallow foundations. B

‘Seléction of meiﬁod of construction:

Alternative (i) was the common method used in this country.
However we had a buyer for the first 120 housing units who
wanted them ready for occupation in one year. Hence a waiting
time of 3 months was not acceptable.

Alternative (ii) would improve only wunder the fbundatiohs,f As
we had sewer lines, man holes, roads etc. they would " be
affected by settlement with the passage of time. ' o

Alternative (iii) had the immediate problem of disposing s@éh
a large quantity of peat. Further with the very shallow water
table, removing peat would have been a problem,_ ”

It was when we were debating with this idea that we met our
friend Dr. G.P.Karunaratne who was on a visit to Sri Lanaka.
He was confident that Heavy Tamping would soive the problem,
but we were not sure. However after debating for a while we
finally decided +to accept Heavy Tamping for this site and
engaged ~thée services of Dr. Karunaratne who was working in
Singapore as a Consultant. - -

‘Heavy Tamping:

Heavy' Tamping as the words suggest is io drop a weight from a
height and filling the crater thus created with granular
material. The tamping is continued until a pre-determined
enforced settlement was achieved. To ensure uni form
settlement, tamping was done in a pattern so that in the second
round the weight was dropped at the centre of the & print
marks of the first round. ' '

The enforced settlement was dependent on the design loads on
the area. eg. The sewage treatment plant area which was
subjected to a higher locad was tamped +to a higher degree,to
obtain a higher enforced settlement.
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'Bquipm@ﬂ% for Heavy Tampﬂng:

i. a 15 ton tamperv R :
if. - a crane capable of~ letlng and droppxng a 15 ton tamper
iii. a hydraullcaliy operated clamp. S

i. Tamper: The usual constructzon of the tamper is by
assembling a series of steel plates "by bolting themstogether
"to get ‘the necessary weight which in this.case is 15 tons.
However ~the price of steel plates in this country was
prohibitive and we had to lock for an alternative.

With Dr. Karunaratne's consent, we settled for a “tamper with a
sheli of steel plates 50 m thick reiniorced on the inside with
H-sections, and filled with lead. The shell weighed -about 8
tons and when filled with lead and some sand came 'up to 15
tons. :

ii.Crane: The crane had to work with the boom at an angle of
SOi_to the horizeontal for several reasons. o :
a.to reduce rocking of the crane when the weight is
relea%édiﬁﬂ the required height' ‘ ‘ '
b, to 1ncrease the dxstance of the point of xmpact from
the base of the crane.

Further as we were to work on soggy land the crane had to be a
craw1=r crane and not wheel mounted.

A 120 ton crawier crane was available at the State Engiheering
Corporation and they were willing to hire: it to us, even
though the appl:catxon was not lifting, as is usually done by
cranes., - S : S

We were very hapgy that this crane could handle 15 tons at a
boom angle of 50 and so we organised the trial tamping. The
crane lifted the weight and released the brakes at the
required height, but weight only ‘touched the ' ground very
softly. No indentation was made. The crane was not lifting the
weight with a single cable, but with' a pulley arrangement with
several falls. Even when the brakes were released the speed at
which the weight 'desdénded was too Slow to givé the full
impact. .

We had to find a crane which could lift (5" tons with a single
cable. Even if we found one the operation required great
accuracy. On the downward run with ~brakes off, the tamper
gathers speed and the application of the " brakes had to be to
split second accuracy. Too early application of the brakes
would reduce the impact and a too late application would cause
damage to the hook and pulley - which would crash on to the
tamper. *
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1if, CE&mpa- Search for an alt@rn&?gve:

We were dforced to look for an alternatlve method of dropping
the walght or abandon Heavy Tamping. :

Fhie crane -could 1ift the 15 ton weight without any problem. 1If
we could find a mechanism +to release the ~ tamper at the
required height, the problem could be solved.

“Several alternatives were considered and finally we settled on
a hydraulically ~operated ' clamp. At ‘the required height the
crane operator could release ' the weight by activating a spool
valve mounted “near the operator. This required a hydraulic
pump, a set of high pressure hoses of length 30m each.
Although in theory the system could work we were not confident
until we saw it working.

"This systém, in & Wway was superior to a single - cable crane
operation because it used 100% g whereas with a crane, part of
the acceleration would be lost due tco the inertia of the
system. '

Shortage of &111 material:

The hmavy rains of 1992 and "the restrictions on winning of
sand in Kelani river made supply of sand for the operation
very difficult. Barlier it was planned to use an average of 1!
m fill of sand for the phase { work which worked out to 17000
cu.m. This was a large quantity 1o be «collected in a short
time. CoTmr |

- Supply of lateritic soil was very much easier, but‘we‘were not
.sure; whether it - would mix with'" the peat layer as it would

s-have been with sand. ‘Further we had doubts whether the soil

-fayer would produce .the same effect as the sand layer, during
tamping,as the latter was a better medium to transfer the
_ tampnng force dzrectly &o the underly:ng peat layer.

" Asc:ra compromxse we f;iied an area ‘with 1ateritic soil and
‘fxiled ’30cm. on top with sand. Tamping on® this proved
successful thus reducxng the requxrement of sand by 60%

'Procedure and readxngs.

Every time the tamper was dropped, - the depth and diameter of
the cratevywas measured (assuming the crateyvyis circular). This
is to measure the volume of £fill in order to assess the
enforced seti{lement. - o '

Care was taken . to see that no persons remained in vicinity of
the print on .which the tamper was dropped. ¥

" Probilems with the neighbours:

The site bounded on two sides by roads and on the other two
sides there were houses at a minimum distance of about 50
m.from the boundary.
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When tamping for the sewage treaiment plant was In progress
the ownér of a two storey Howse 50m away “complained of severe
disturbance to his family and danger Jf damage to his “house.
We anticxpated such complaxnts and wanted to assess the actiual

‘disturbancde at his house.,

With his permission we xnstal}ed ‘sirain gauge points across
some cracks that existed previously. One day we went into one
of his rooms where he ' complained the vibrations were most
severe, Boelo bt ey
A wine glass filled “to the brim was: placed on " the ground and
the wenght was dropped 50 m. away. ' S

Theére was not even a ripple in the water in the glass, 'but all
of us felt a vibration sodén after. the weight hi't the :-ground.
This was - due to the fact that human perception was very much
sensitive than the method of '"observation. The strain gauges

' did not indicate any increase in crack widths.Yet all efforts

to convince him that such vibrations would not damage the
structure faxied and he threatened legal actxon.

We looked for 'some one who could actually measure the
vibrations and the 'CISIR undertook the - )ob. :

Measurements showed that the peak partncle velocxty near the
house “whén tamping was - done 50'm awdy was only in-the: -order of
2.5 mm/sec ‘comparéd’ 1o a very conservative upper veioczty
limit of 25 mm/sec. - : :

Further tests indicated that a trench of .depth 2 m. and length
40 m. reduces the peak particle velocity by 50-60%.-The height
of the drop also had some -felationship. to ‘the ~level of
vibration. However the first drop always caused. a higher
vibration than the subseguent drops for the same drop height.

Whenever tamping was done "near the boundary,. we took all

o precautzons to minimize the v;bratxons.

"Cbﬂszderable vxnterruptlon to work was cause - by fréquent

cofipleints 1o theé‘'police "and onh one occasion ~we had to go to
courts to face charges of public nuisance. The complainant did
not come to court for the hearing and we were discharged.

Discussion:

The construction work in phase 1§ is complete and the houses
are now in occupation for over I year. No serious cracks or
other signs of stress are visible as yet.

Construction of 24 houses in phase 2 is complete and some are
in occupation. The sewerage treatment plant area which is
subject to the highest load conditions do not show any signs
of settlement. '
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These observations would “brqve‘fhat' the method of improving
th@ ground cbnditions is successful. ‘ .

Cost of 1mprov1ng ground usxng ‘HT is about Rs 4.8 million. per
ha. or Rs. 12000 per perch P o o

Limitations: 2
“The innovative approach in solving the technical problems
faced in this exercise is very satisfiying. However it must be
mentioned that no discipline in engineering can develop in
isolation. In «civil engineering and buitlding construction
operations, one has to depend ‘so much on equipment, a
developed mechanical engineering back up 'is essential. This
back up should inciude experienced and innovative mechanical
engineers, modern work shop facilities, and a market place
where material and equipment for ‘innovative work are readily
available. )

The time lost due to the break down of +the crane over the
tamping period was 15%. The other equipment on hire were idie
when the tamping was not in progress but hire charges had to
be paid, thus gncreasang the cost.

It must be mentloned that for makxng the hydraulxc clamp, all
the parts were bought in junk vards and whena replacement was
needed it was impossible to get one.

~With only a few more years to celebrate the millennium, and
talk of NIC - status for our country by then, state policy
should encourage investment in all fields of enganeering
‘relevant to our country, for innovation to .be possxble.
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| Foundatiom in Weak Ground for the Ambatale-—dub:le&e Watef
Conveyance System R

Mr. K.S.K. Hanasinghe

1.0

2.0

" National Water Supply and Drainage Board

 INTRODUCTION

Large diameter pipes have to be laid to transmit water from distant places in major water
supply schemes.. When difficult ground conditions such as ground having soft materials

ior hlghly variable materials are met, water works engineers are faced with problems to
lay pipes through it. Finding an economic and durable solution o laying of pipes

through such weak soils is a challengable task. This may involve improving the ground

- conditions or designing suitable types of foundations for the pipeline or both so that

distress is not caused to the pipeline.

Thls paper critically evaluates the foundations in wea.k ground that had been camed out

~1n the constructlon of Ambatale—lubﬂee Water Conveyance System

PROJECT DETAILS

Improvmg the drinking water supply to Greater Colombo region and prov1dmg drinking
water facilities to Maharagama town and suburbs were a long standing problem for the
National Water Supply and Drainage Board (NWSDB). Various studles had been done
to ensure that the rapidly. expandmg population of Greater Colombo including

i "%Maharagama area were catered with sufficient drinking water but the project was delayed

- due to number of reasons of which me main one was the non-availability of funds.

' A feasmlhty study for the Rehablhtatwn/Remforcement of the Greater Colombo

Transmission/Distribution system was carried out by the NWSDB.in consultation with
W.S. Atkins International of the UK in 1985. The recommendations relating to the
Ambatale - Jubilee water conveyance system were approved by the NWSDB and the
Intematzonal Development Association (IDA), and included in the Sri Lanka Water

-‘~i’;§3upply & Sanitation Rehabilitation Project for funding by the World Bank. The
consultants Howard Humphreys and Partners commenced work on the detajled designs

on 15th January 1987 and submitted the final documents and demgn report in January
1988.

Since the Maharagama Water Supply Scheme interacts with Ambatale - Jubilee Water
Conveyance System cons1derably, both schemes were. combined to form a single contract.
The contract was initially estimated for Rs. 1300 million and awarded 10 M/s Josef Riepi

" of Germany in June 1991. The contract period was for 03 years and the project was

successfully completed in June 1994. Figure 01 gives the works included in the project.
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3.0

1100MM DIAMETER DUCTILE IRON TRANSMISSION MAIN

Out of the project components illustrated in Figure 01, this paper focuses attention only
on the laying of the water transmission main from Ambatale Water Treatment Plant to
the Jubilee Reservoir.

The NWSDB required the design for the Ambatale - ]ubilée Water Conveyance System
to be 1100mm in diameter and the main to be laid to cross the lake that surrounds
Parliament and pass through Beddagana. The reasons for this proposal were that the lake

to the south east of Parliament building was to be extended, making the originally

proposed route non available, and to extend the project’s design horizon beyond the year
2000. Meanwhile the increase in the amount of water that could be pumped through the
main to Jubilee would provide an alternative means of supplying parts of Colombo in the
event of a failure elsewhere in the city’s bulk water supply system.

This route has a length of 8km and original eétima_te for the layiﬁg of transmission main
along this was Rs. 455.8 million. A sketch of the route is shown in Figure 02.

SOIL INVESTIGATIONS FOR THE PROPOSED ROUTE

It had been decided to undertake, the drillihg of boreholes (BH) a‘l_ong.v.the proposed

‘pipeline route from Ambatale Treatment Plant to Jubilee reservoir in order to carry out

soil investigations.

3.1  Field mVEStigations

~ During the first stage of the investigation 12'boreholcs”r'1umbered BHI1 to BH12

- were advanced along the proposed trace for 1100mm diameter transmission main,

- as shown in Figure 02. The trace followed the new road constructed leading upto
the Parliament. Drilling for boreholes BH1 to BH10 was carried out from the top
of the road whilst the drilling for boreholes BH11 and BH12 was carried out from
the Parliament lake. -

Standard Penetration Tests (SPT’s)were carried out at 1.5m intervals.
Undisturbed samples were collected (when possible) from the clayey and peaty

soi’s. Disturbed samples from the SPT tubes were also collected for laboratory
investigation. B ’ B

These investigations showed the presence of very weak peaty soils whose location

and thickness varied considerably. The extent of this peaty soils would be a

determining factor in the foundations for the pipeline, and therefore some futher

investigations were done at intermediate boreholes numbered BH-3A, BH-6A,

BH-7A, BH-7B, BH-10A, BH-11A and BH-12A. (Boreholes 10A, 11A and 12A
~ were carried out in the Parliament lake)
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4.0

3.2 -

3.3

Soil Profiles-

"The sections showing the soil. proﬁles of the ground across BHI to BHS; BHS o

BH7B and BH7B to BHI2A are given in Figures 3A, 3B and 3C respectively.
The results revealed that the road has been filled with a lateritic ﬁll the largest
thickness being around BH7A where the fill is 3.0m thick.

The sub soil of certain sections of the route was found to be very compressible

‘and having time dependent settlement characteristics. Those weére the peats and

soft clays. The peats are the most compressible and the thickness of these layers

at the borehole locatlons are given in Table 0L

‘It was noted that’ the thickness of the soft clay or peat found at very snaﬂow

depths varies fromi 0.5m to 6.05m. The proposed invert levels of the pipeline

“also lie in these soft layers of soil.

Laboratory Investigations

Detailed laboratory investigations had been done at the soil mechanics laboratory
of the University of Moratuwa. Consolidation tests and triaxial tests had been
done on undisturbed samples taken from the peat a.nd soft clays which could be

- sampled. Other tests done on the disturbed samples of peat and clays were :

Atterberg Limits, Particle 51ze distribution, natural moisture content, specific
gravity and organic content.’

SETTLEMENT OF FOUNDATEONS OF THE PIPELINE

When foundations for the pipeline in compressmle ground were cons1dered one of the
most iraportant characteristics considered was' the settlements that’ may occure during the
lifetime of the pipeline. It was observed that filling of the new road to Parliament was
still continuing. This would cause further settlements which could be categorised as; .

i)

i)

iii)

Primary consolidation settlement which takes place with the dissipation of pore
water pressure.

Secondary consolidation settlements which is due to creep.

Settlements due to the lateral movement of the peat due to ﬁiling..
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The settlements due to the filling of the road could be much larger than the settlements
due to either the traffic loads or the loads from the pipeline. As the NWSDB was not
in a position to restrict the on going filling there would be no control on the actual

. settlement. This was a major consideration to be taken into account in the design.

Considering the high foundation costs involved for a length of more than 3.5 km,
- NWSDB decided to abandon the proposed route and to select an alternative route.

NEW ROUTE

Deciding to select a new route did not solely depend on the weak soil properties observed
along the previous route. Avoiding the pipe laying across the lake around the Parliament

and keeping the pipeline away from the Parliament security zone etc: were also taken

into consicleration before deciding to change the route of the pipeline so that it would be
convenient to NWSDB to maintain the pipeline without much hindrance.

5.1 Imvestigations for the New Route

NW/SDB proposed to lay the fransmission main along. the same route of the

~ existing 1000mm diameter cast iron pipeline. This pipeline had been laid 30 years
back and was still standing solidly without giving much difficulties to maintain.
-This is the major gravity main that carries water from Ambatale Treatment Plant
to the Dehiwela Reservoir from which the Colombo South area is being fed.

WEen the soil investigations were carried out for this route it was found that
sirrilar type of weak soils were present along sections of the route. The total
length of the route was 9.3 km and the weak sections were identified. But
corsidering the various factors like €asy access for maintenance, avoiding cross
country situations, moving away from the Parliament security area and avoiding
the lake crossing etc, NWSDB decided to go-ahead with laying of transmission
main along this route even though there were sections which contained weak sub-
. soils. :
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5.2

Alternatives for Pipe Laying Acrqu the weakse__;cﬁons of the new route.

' Following alterna’inve ‘methods were seiected after overall evaluation by
‘giving top prlomty to’ eemlormc9 safety and durability. condmons

5.2.1 Surface Treatment

For ensuring ‘the mobility of heavy construction equipment and also to
protect local failures of sub surface soil a combination of coarse aggregate
in different sizes on geotextile sheets were adopted prior to the laying of
pipes. This method was suitable enough to improve the moderately weak
ground conditions. Dewatering was carried out to lower the water table
to facilitate construction. Settlements were monitored by installation of
75mm diameter PVC pipes with settlement plates placed on the DI
transmission main that have been laid. This was done continuously while
carrying out the backfilling and compaction for the trenches.

The Geotextile used was a permeable synthetic membrane which has a
breaking load of 12 KN/m and 35 I/m’S of permeablhty It can be used

~ in the processes of separation, drainage and erosion control. Geotextile
material is normally available in standard rolls. What was used in
1mprovmg the sub soil conditions in the pipe line trench had a width of
4.5 m, length of 100 m and the weight of a roll was 95 kg. According
to the spec1ﬁcat10ns provided, when widths or lengths greater than those
supplied on one roll are required jointing is normally effected by simple
over lapping. However, depending upon application, sub grade conditions,
material loadmg, convenience and cost, alternative methods such as
pegging, sewing, stapling or gluing may be used.

The used Geotextile material contained 70% of polypropylene and 30%
polyethylene. It is alkali resistant to all naturally occuring soil alkalic and
acid resistant to all naturally occurmg soil ‘acids. It is unaffected by
bactena fungi etc. Since it is not a source of nourishment rats and
termites will not eat the geotextile as food. The tensile strength of
geotextile decreases with increase in temperature, but recovers fully when
the fabric is returned to normal ambient temperature

The locations at which the geotextile was used along the pipe line are.
illustrated in figure 04.

51



5.3

5.2.2 Self Anchering Joints

Pipe laying is an important civil engineering construction which involves

lot of restrictions and limitations. It is the duty of the Engineers to
engage in this excercise whilst giving least inconvenience to the general
public and without damaging the existing utilities.

When pipes were to be laid along steep slopes which has very soft sub soil

' characteristics and_ the access to the location is difficult, alternative
methods have to be adopted. In Ambatale- Jubilee water conveyance
system NWSDB came across this type of situation at several locations.
At chainage 1979 to 2036 and chainage 2728 to 2801,1100mm diameter
pipeline had to be laid in a very steep slopy area. Relatively soft soils
were also present along these chainages.

At these locations, the existing 1000mm diameter cast iron pipeline was

supported on piers just 3m away from the proposed pipeline route.

Therefore using of piles to support the pipes was ruled out in order to

.. brotect the existing pipeline as well as to prevent any damages that could

“oceur to the houses built nearby. It was noted that access to these
" locations was also very difficult,

- Therefore, self anchoring ‘pipes 'w_ere thé :_('ik')'i):iéﬁ{s'choice for pipe laying
in these areas. -

"STANTON" self anchoring pipes were used to overcome these problems.
Joints of these pipes were designed to achieve the capability to eliminate
the usage of concrete blocks to anchor the pipes. These pipes were
manufactured using standard production tyton or stantyte ductile iron spun
pipes with the addition of one loose socket flange and one welded spigot
flange. Anchorage is provided by bolting between the two tie flanges
after making the joint in the usual way. 1100mm diameter ductile iron
self anchoring pipes designed for a working pressure upto 25 bars and
which can withstand a deflection of upto four (04) degrees were used.

Figure 05 illustrats thé sections along which the seif anchoring joints were
laid in 1100mm diameter transmission main,

Cost Comparison Between Two Ground Improvement Methods

1800 square meters of Geotextile material have been used along 400 m of length for the
pipeline ard the supplying cost of Geotextile material per square meter was Rupees Forty
Eight and Twenty Eight Cents (48.28) and the laying rate for same was Rupees Ninety
and Sixty Cents (90.60), according to the contract.
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The gross supplying cost of a self anchoring joint was Rupees Sixty Six Thousand Five
Hundred and Eleven (66,511/=), but the laying cosi for self anchoring joints varies from
place to place due to influences such as weak ground, difficult access and the type of
fittings for the joints to be used from joint to joint. - All the ‘costs involved in overcoming
the difficulties to prepare the background to lay a self anchoring - joint had to be
considered as the expenditure to fix a self anchoring joint to the pipeline. 69 Nos. of self
anchoring joints have used in ‘the pipeline at shown locations in Fig.05."

. It was roticed from the beginning that highly compressible peat or 0r§anic clay would
- be met in the low lying marshy region east of the city. - : -

Since most sections of the pipeline in this area was to lie along major roads and the
_pipeline should last in the ground for generations, NWSDB was very particular in
preventing the pipeline from any subsequent settlements after laying. Even maintaining
the pipeline would have been difficult if differential settlements occured in the pipeline
subsequently. It was also observed that the pipes had settled considerably at certain
locations of the pipeline along the Kaduwela Road. The settlement that had taken place
at Koswatte Junction was observed as 300 mm. after 10 -months. Settlement of the
pipeline .at Thalangama bus deopt was reported as high:as 350 mm after a year.
Therefore, the NWSDB proposed to lay the pipes along selected sections of the road on
piles, ard pre-cast concrete piles were selected. : -

When driving the precast concrete piles for the laying in these areas, it was found that
10 m length pipes were not sufficient sometimes. In the Baddegana valley even the 20m
length piles had gone it’s full length into the ground. This also had proved the ground
improvement could not be done for.those sections easily and economically. Even when
improving the ground one cannot predict about the occurrence of subsequent sub soil
failures if the conditions are not fully controiled when improving the ground.

Previously used soil improvement methods like introducing the geotextile material under

the compacted aggregate fill or using self anchoring joints were not identified as reliable
alternatives to the piles. ;

After the piles were installed, a few selected. pipes were subject to load tests. Appendix
I illstrates. the results of load tests...... ' '
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. Conclusions

It is evident from above that most convenient and cﬁSt effgct,i\):é ,méthmi of vvgrd,uénd
- _.improvement is the using Geotextile material under a compacted fill. As the laying, of
:a large diameter pipeline has special significances of it’s durability and operation and

maintenance works, other alternatives such as introducing self anchoring joints and piling
were to be adopted appropriately. Although the pipeline construction involves a
relatively lesser area across the roads, restrictions are much more considerable.
Allowing the traffic flow with giving less inconvenience to the public, not damaging the
existing utilities, preventing the road failures and safe guarding the pipeline are
imparative constraints that should be given priority consideration. Eventhough it was
relatively expensive, introducing self anchoring joints and laying pipes on the piles had
to be adopted due to unavoidable conditions which could give rise to sub soil failures.

Ambatale-Jubilee water conveyance system designed to cater the millions of Consumers
living in the Greater Colombo Area including Maharagama. Once the water is provided
through the system it should be reliable through out it’s' design period. As the
empowered drinking water Authority of Sri Lanka, it is the responsibility of NWSDB to -
adopt most suitable and durable methods when laying such transmission mains ensuring
this reliability to the people. If a failure occures in 2 large diameter pipe line such as
Ambatale-Jubilee water conveyance system which spans over 9.3km through out the
important cross sections of the city, damage which could be created be much severe.
Having foreseen such an unpredictable situations, measures had to be adopted to prevent
the uncertenities in order to minimise the failures of the pipeline and ensure the reliability
of supplying the safe drinking water to the people. ' R '

Although the.using geotextile: material would be a low cost method to” develop weak
ground these.constraints also should be given more consideration when' laying of large
diameter pipes in weak ground under the main roads keeping minimum cover as only
01m over the pipeline upto the surface level of the road. Therefore, certain sections of
the pipeline had to be rested on precast concrete piles driven to the hard bed strata.
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- “Appendix I

Results; of Load Tests

Three test piles were driven at Parliament Junction (TP-1) at Koswatte Hospital (TP-2)
and at the Baddegana Marsh (TP-3). Fach of this precast concrete piles had a cross
section of 300 mm x 300 mm and was of length 10 m. The piles had been designed for
a working load of 30 Tons based on concrete strength;'THe final set measured for the
03 piles in cm per blow were 0.5, 0.24 and 0.60 respectively. It should be noted that
two of above three locations situated adjacent to the ficod reténtion basins maintained by
Sri Lanka Land Reclamation and Development Co-operation. Very thick peat layers
.were observed in the sub-soil at the Parliament Junction and Baddegana Valley. The
Zero SPT values achieved at shallow depths when boring was done in these area.

Following results were observed from the load tests.

Pile TP-1

When load = 30 Tons;
Maximum Settlement : = 4.485»mrﬁ o
Residual Settlement | = 1.23 mm
Hence pile can carry this load safety |

When load . : = 40 Tons;
Maximum Séttlement = 19.2 mm
Residual Settlement | _ = 15.5 mm

From consideration of the residual settlement, the pile is inadequate to carry this load.

Pile TP-2

When load . = 40 Tons;
Maximum Settlement = 6.32 mm
Residual Settlement = 2.51 mm

Hence pile can carry this load safety
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© ¢ :Pile Tp-3

When load ' = 307Tons;

Maximum Settlement = 8.1 mm
Residual Settlement = 7.6 mm

From consideration of residual settlement, the pile is inadéquate to carry this load.
'When;--Load = 39 Tons, very large total settlément taken place.

" As the tests reported, TP-1 and TP-3 had failed. Test pile TP-1 was loaded to 40 tons,
whilst TP-3 had an ultimate load carrying capacity of 39 tons. All the test piles had a
design working load of 30 tons based on concrete strength. Therefore it was concluded

that the piles which failed have most probably failed as a result of ground failure.
Results of monitered load tests are shown on figure 06.
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Geotechnical Investigations for Yan Oya - Padaviya Agricultural
Extension Project and Proposed Ground improvemeénts for Dam
~and Spillway Foundation .

U Cengral ﬁljﬂgmée:mg{'mw}faﬁg Burean
e .,;N.,.M.S;I; Arambepola: .
.+ National Building' Research Organisation

7 Preamble 7

The present development area under Padaviya Irrigation Project has been experiencing continues
hardships due to shortage of water which has lowered the cropping intensity considerably.

 The Yan Oya - Padaviya Agricultural Extension Project will generate direct benefits to the people of

" the area by increased agricultural production;, inland fishery ‘and opportunities of eraployment.

: 'Theé feasibility studies of‘the Yan Oya Agricultural Extension Project was undertaken in order to
explore the possibilities of upgrading the Irrigation in the Padaviya command area to redress the
problem by extending the irrigation facilities to adjoining basin. The feasibility studies of the project
was undertaken by Central Engineering Consultancy Bureau in 1992 April and project report was

- submitted: to-Misistry of Lands Irrigation and Mahaweli Development in 1994 using local resources

- dnd ‘expertise: This paper deals with the results of investigations and suggested ground improvements
for the main dam foundation and spillway. '

“Location -

~ The Yan Oya catchment is located in the North-East of Sri Lanka bétween the river basins of Ma Oya
(where Padaviya reservoir is located) and Kanchikubukkan Aru. The Yan Oya originates from
-Sigiriya area and drains about an area of approx. 1500 km2 during its 150 km long passage to Indian
Ocean, South of Pulmodai (NGith Eastern sea cost). The proposed dam across Yan Oya.is located
near village Pangurugaswewa within the irrigation commend area of Wahalkeda Tank in the North-
East Provincial Council. The main access from Colombo is through Kutunagala, Dambulla,
Mihinthale, Medavachchiya, Kebithigollawa and approximate distance is about 250 km.

- Project features

The proposed: earthfill dam across Yan Oya will be a h‘omo"ge‘n_eou's earthfill dam which ;i_é_,23.50, ‘m
~long and 20 m high at the highest point (above the ‘deepést river bed level). The dam top:leyel is
'42.25 m.a.s.l. with a top width of 8 m. There will be two earthfill saddle dams or: right bank with

a total length of about 3200 m and maximum height is approximately 10 m. An ungated ogee type
~ spillway will be constructed at the right bank Ist saddle with a total water way of 544 m and .crest

- level will be 38 m.a:s.I. Twe bottom outlers will be provided under the spillway to regulate the
- reservoir level. - T o '

The conveyance canal from the reservoir up to Jayanthiwewa has a maximum design capacity of 12
cumecs at the head end which will be reduced’to 6 cumecs at the tailénd. ' The main canal intake is
located at left abutment. The canal will be congrete lined throughout and provisions will be made for
seven off takes along the canal for irrigating the existing,areas and proposed new development areas
-under the project. - SRR T o
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- “Geotechnical Assessment

"profinent'on right bank.

Lt

Y [T w3 & o

() Metamorphic;Rock of Highland Complex

The bed rock in the area is consist of metamorphic rocks of Highland complex. The dominant rock
type within the project area is charnockite/charnockitic gneiss. Alternating without a clear boundary
is amphibolite and cuartz biotite gneiss which is more often found within the charnokitic gneiss layer.
Another common rock type in the area is quartzite or quart-feldspar gneiss and granulites, well
banded light colourad sometimes gneissic but more oftenéquigranular which are made up chiefly of

quartz and feldspar with varying amount of mica and garnets. The quartzites are coarse'grained or

medium grained rocks, whitish in colour and glassy in appearance and highly -jointed. or fissured.
Even in the aerial photographs parallel bands of quartzites can be traced for miles due to its colour

which frequently form prominent ridges. Marbles or metamorphosed crystalline limestones are very
rare in the project area.

Discontinuities

An overturned fol¢ was observed during the mapping in which the axis lies towards North-East
direction. The above is dissected by highly jointed closely spaced fracture zones with the orientation
of North-West or North. Along most of these fracture systems rock is highly techtonized. On
slickensided joint surfaces, indications of traces of movements are visible. These technoized fracture

zones are mainly connected with a lineament which can be observed in aerial photographs over a

length of about 4-5 km, along the ri.‘v’e'r_: course.
Orientation 6f folia'tio_h gfadﬁéIly ;ché'rigies from left bar_ﬂgltov.right bank. This,éhange is quite regular

East.

" and dip angle changes from 70° - 80° to 55°.- 65° while dip direction changes form North-West to

Other than the foliction two Joint sets were observed at the dam site area. Joint set 1 is sub-parallel
to the dam axis and dips at steep angles of ‘

80° - 85° towards downstream. This joint set is parallel to above mentioned systemr of fracture
_zones.” This joint set is well pronounced in the river section about 50m below the dam: axis.+ AT
“ivarious locations of the Project area a second joint set was observed. which. is. oblique. to the fold
D

ttertl (foliation). This joint set appears to be somewhat less pronounced in the left bank but is more

Geotechnical investigations were carried out along two dam axes and the upstream axis was preferred
against the downstrzam axis because the foundation conditions were more favourable. The weathering
thickness along the downstream axis which is tied down to a weathered quartz feldspar granulite ridge
is'considerably high and more Over water pressure tests results indicate that the permeable rock exist
to- 2 depth of 30-40 m below the foundation which will require additional ground improvements to
be implemented to such depths. - ' T

Therefore more attention’ was paid to U/S axis which is tied down to a rock spur consist of
charnokite. During the course of investigations it became obvious that the most important factor
would be the thickness of overburden, mainly the alluvial deposits and its composition.: This was
proved to be a vita! factor in cost benefit calculations because the material found to be unsuitable for

the dam foundation. As the cost involved in removal and replacement with suitable material will:be

“Based ‘onthe ‘coffipsition, and’ physical parameters the alluvial material can be grouped. into. two

a (‘:‘_ons_i'd_erable percentage of :¢o'nstru,ctiqnt_c‘§,s“t of the dam.
units. The upper layer which ¢onsists of black or dark brown highly plastic organic clay with-bands
and lenses of clayey silt/clayey sand. . The lower layer consists of bands and lenses of undifferentiated
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light gray or light brown clayey silt or clayey sand or very -fine sandy silt. ~Occasional interbanded .
layers of gravel also can be observed within this unit. While formation of the first layer may have
taken place.under.conditions of stagnant water within the flood plain or by sedimentation of suspended
-organic particles; thz second formation is influenced, by velocity of the flowing water. In comparison
to first layer, the second layer consists of fever quantity of organic matter. The upper layer is plastic
and impermeable but the lower layer is mostly permeable and none plastic or with very low plasticity.

Most notable feature of this material is the variation in quality and .composition along the vertjcal and
horizontal directions. Within the alluvial deposits constant head permeability tests conducted in drill
holes show permeability values varying from 10-4 cm/sec to 10-5-cm/sec. (Please see Table:-.01 -
Permeability Test results). ’

Hill slopes, adjacent areas of both abutment and spillway area are.covéfed with talus material consist
of hiliside waste and debris up to a depth of 5m.

Results of drill holzs indicate that the alluvium or colluvium lies directly on the residual soil layer
or completely weathered rock layer and generally the weathering thickness is more towards the
abutments: The maximum thickness of overburden including the residual soil layer and completely
weathered rock layer is within the main river section and its in the tegion of 12 m. Bed rock seems
to be more or less impermeable but individual zones with high water intakes were evident from water
pressure fests conducted in drill holes. The water table draws down to 6-7 m during the dry periods
and d.uxv_irgg the rainey periods rises upto 1m from surface. STEE

Suggested methods for ground ifnprovement of dam foundaﬁon and Spillway foundation. = .

. On the basis of infcrmation obtained during the feasibility studies the fdllowihg ground _impfo\)ement
. methods can be suggested: : » : . I ‘

1 Existence of a thick alluvial layer consist of material with relatively inconsistent properties
specially the compressibility and permeability was observed-as a result of investigations. In * -
order to provide favourable foundation conditions for the homogeneous earthfill dam,

- construction of a cut off trench up to the hard rock layer will be oneé of the solutions. “But
removal of unsuitable material involves deeper excavations (for example; river section) .
Therefore underground seepage into construction area may pose problems which will be time
consuming and lead to extra costs. However bottom of the cutoff trench can be raised.
suitably towards the abutmients. In order to minimize the underground seepage after removal
of first layer of alluvium which mainly consists of unconsolidated organic matter a vertical
concrete cut off wall with a thickness of 01M, can be constructed within the deepest river

section. It will be important to remove all material having organic matter to ensure against
undue long term settlements of the dam.

(2) Under the spillway foundation all overbu rden material will be removed in order to expose the
moderately weathered rock on which the spillway structure will be founded.
(3) - il From the tottom of the cut off wall at the river section a single line graut curtain. will be

executed. The graut section will have to be water pressure tested and grauted in 3 m sections
upto a depth where two consecutive sections are found to be impermeable.
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Geotechnical investigation

Thedata'provided for the design is based on the information obtained through Ehgineering"Geologigél'
mapping;Aerial ‘photointerpretations, core drilling, bore hole testing (S.P.T. constant head

permieability tests, water pressure tests) bore hole instrumentation and test pits. (Please see Fig. 01
locations ‘of drill holes and test pits)- w0 o w0 S

Geological: formdtion in the project area
Siih oo i B

Site investigations have revealed that the major lithological formations in'the region corisist of

(a) Qu:atemary deposits
(o) ~ - Metamorphic rocks of highland series

(a) . Quaternary deposits

The quaternary deposits are mainly represented by alluvial deposits, colluvium at the vicinity of rbc_k
ridges and lake degosits found in the abandoned reservoirs. ' ' '

Yan Oya area experiences draughts almost every year except during the North-East monsoon peridd.__
During the rainy period, Yan Oya overflows and floods the flat valley but during the major part of
the year Yan Oya flows sluggishly. Various elements of micro relief is observed within the Yan Oya
flood plain due to this pattern of events. '(Fig. 03 - U/S Axis and D/S Axis - Geomorphological
features)::. isb 0 L T : R '

Very.often these elements composed of several different units exist with an amplitude of elevations
of few meters very often. It is evident that over the years Yan Oya continuced to flow within the
flood plain over its own alluvium extensively, developing bends or meanders of varying shape and
size. -In the course of their development these meanders form loops. During rainy seasons when
- power of high water increase channels straightens leaving cutoff oxbow lakes. These lakes are often
overgrown, silted up and sometimes turned into swamps. The farmers of the area have named the
silted up cut off meanders as "EBA". (Fig. 03 - U/S Axis and D/S Axis - Geomorphological
features). S ’

Different to above described unit another type of microrelief observed in the flood plain is Jevee
which develops at the vicinity of the channel part-as an embankment structure along the banks. The
formation of the levee is'due to the changes of velocity of the 'water'flow, at the point of transition
from the low water channel to the flood plain. Every time the river overflows its banks, stream
velocity at the edge of the channel is retarded and as a result the coarser particles drops and develops
into a embankment like ridge bordering the river channel. ’ ‘

Other microrelief abserved in the flood plain is remnants of earlier structures consist of bed rock or
residual soil surrounded or at times fully covered with alluvium. The composition of above units
varies from pervious layers, (such as, gravelly sand, silty sand and silt) semipervious to impervious
bands (such as clay, silty clay or sandy silty clay 'and organic clay deposits). At places presence of _
organic clay, peat like material, loams or sandy loams of organic origin, also is observed. These’
organic soils take a form of lenses or bands. ‘ ' "

(Please see Geological section of Main Dam - Fig. 2)

Lake deposits are found in the abandoned ancient reservoirs and coliuvium is observed in the down
slope of rock ridges or insulburge structures. '
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“Conclusions
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The following conclusions can be drawn from the investigations carried out at Yan Oya site.

(@) Within the dam axis, a thick overburden cover mainly consist of alluvial deposits containing

~ highly compressible organic soils is recorded in drill holes and test pits executed during the

- studies. The constant head permeability test conducted in drill holes and test pits show a

permeability variation ranging from 107 cm/sec to 10° cm/sec. This layer will have to be

replaced with suitable impervious material of permeability less than 10 cm/sec. A cut off

trench znd a cut off wail is proposed to be executed below the dam foundation. However

problems of underground seepage water may pose difficult and time consuming problems
leading to extra costs.

®) The other main geological feature which necessitated ground improvements within the dam
foundation and spillway foundation is extensive jointing. Major fracture zones have been
recorded within the river section and open joints have been observed up 10 2 depth of 30 m
below the dam foundation. :

© Cement grouting will have to be carried out in order to minimize the seepage below the dam
- foundation and spillway foundation. Method of execution of grauting and other parameters

of grauting works (number of drill holes, inclination and graut consumption) will depend on
the-characteristics of individual joints and fracture systems encounted. a
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Permeability Test Results - Downstream Axis
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Treatment of Dam Foundations for Stability and Water Tightness

K.W. Perera
S.Selvarajah

Irrigation Department

INTRODUCTION

"No. stfucture grips the ground so closely as a dam. It holds
on at its base and at its flanks. In other words & dam
consists of two parts, the artificial dam, man made, and the.
. natural dam which continues it, surrounds it, and on which it

is founded. The more important of the two is the latter which
is unnoticed."(3) ~ o

The. different characteristics . of the ground to be
considered in the design of dams may be classified as;

- Water tightness
- Stability
- deformation

The influence of the above characteristics is a function
of the prevailing geological condition and the selected type:
of structure. Because of -large number of dams already
constructed, sites suitable for dams have become scarce and
‘now- dams have to be built on less favourable geological

~conditions. Therefore this necessacitates the treatment of dam

foundation to achieve the above . characteristics of the
ground. v S : :

This paper deals with the foundation problems encountered

" in Kirindi Oya dam and the methods'adepted~f0r‘t;eating the

foundation to achieve the stability and water tightness of the

dam. The treatments adopted depend on the particular

geological condition at each zone of the foundation. .

¥ K.W.Perera B.Sc.Eng.PG Dip{(Eng.Geology), C.Eng,MIE (Sri
lanka), Deputy Director (Eng.Geology), Irrigation
Department, Colombo 7.

*% S.Selvarajah B.Sc.Eng.,C.Eng, MIE(Sri Lanka)

Deputy Director(Designs),-Irrigation Department,
Colombo 7. '
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KIRINDI OYA

The Kirindi Oya reservoir which is located in the dry zone on

the south quarter of Sri Lanks has & gross capacity of 184,000

acre feet of water at full supply level! of 191 ft. -above MSL.

The dam is constructed across Kirindi Oya at Lunugamvehers
village.This is the longest earthen dam i "Sri - Lanka.The
length of the dam is 3.25 miles and the maximum height of the
dam is 80 ft. at the river section. The 328 ft. long radial
gated spillway is located on the right flank from chain 140+256
ft. to chain 143454 ft. and has six -radial gates of 48 ft. by
25 ¢, The general 'lay out of Kirindi Oyva dam axis is given
in Fig.1, ' = :

IDAM _AXS

Fig.1l - General iaycoutlofAKfnihdi Oya . Dam. Axis
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GENERAL GEOLOGY. AT SITE.

Geologically the reservoir area is located in the boundary of
two geological units. viz. the Vijayan series and Kataragama
_complex which differ.in lithological and structural attitudes.
‘The "left bank falls within Kataragama complex which resembles
rocks of  highland ~series consisting of predominantly
crystalline limestone, metasediments and charnokites. The
right bank falls within the Vijayan series which consists
essentially of gneissic type rocks. The river section forms
the transition zone.On the left bank the calcareous rocks are
generally affetted by weathering which assumes the form of
solution channels along joints and tectonized zone of highly
soluble material. The resulting copenings are infilled with
clayey silty sandy soils. However the degree of karstification
is low and the depth to which the karstification has occurred

is shallow. (Approximately about 20 ft. from core trench
bottom). (See Fig.2) )

e:vﬁ ¥ »
¥ g ¢ S b 00 POy
oF B o o ST e e
- & G & Vv WA VN WY hdihd
i . T A S
! E . H : : . H ' N Ty, '
o Feooy v ! : R A i
T ‘e 1 v ! 4 by R A}
\ BTL. 20409 ' ! [ ' Rl O i
T p t
‘ T : 1 el
O [ ne! : R E N B q
1 1 < M - t H i W 55 th B v
N ! ' s ) ; i ¥ /
' H ' vt ¥
: : : I i ;
H '
H f
¢
'

Sesnee. SNSRI SRS DY

Wealbered Rock
@ - Sightly wectheved o
’ i Fresh Rock

. i
i R i Apuviuwe.
_@...,&m St Serpon s
e

. . B . N - A
Pistaics & 10 2o S0 40 &2 B2 &0 ) 80 £2) 100 4o ke 120 150 8o 5o o
W o160 BT

GEOTECHNICAL SECTION OF FOUNDATION ALONG THE DAM AXIS

Fig 2

. The subsurface of the dam base in flood plain could be
classified into top alluvial soil or residual soil passing
downward to regoliths (which are the insitu weathering
preducts of parent rock) and underlain by parent rock. These
regoliths on slight disturbance disintegrates into materials
of sand, silt and clay often with gravel sized nonweathered

quartz and feldspar. The degree of weathering decreases with
depth and fresh rock is encountered at depths 30 ft. to 50 ft.
in main valley and 10 to 20 ft. in the flanks.
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FOUNDATION CONDITIONS AND PROBLEMS UNDER THE EARTHADAM
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‘ Foundation conditions under the

~solution

.The central
(42 to 116 chains) is
-in the

~s0ils and

~.earth dam could be  grouped

“under two: categories. {See
Fig.2) S

i Foundation on left bank

flank (Och - 42 chs) and
r1ght bank flank (116 ch
to end)

ii. Fouhdationz_in¢;the flood
plain of the .river. The
main river is from 69 to
.76 ‘chains.

The foundation materials in the
two flanks is residual soil and
do not pose any special
problems. In these reaches the
dam height is less than 60ft.
reach of the dam
located
flood plain of the
river. The foundation materials
in this reach are transported
contain layers of
sand, silt and organic and
inorganic  clays  of high
plasticity.The thickness and
sequence of these layers vary

along the reach. Fig. 3 a,b and
¢ shows some typical sections
through foundation material

between 60 to 80 chains (based

In the left
plain the

on bore hole data).
bank -~ of- .flood
overburden is underlain by
calcareous rocks which are
affected by weathering forming
channels. Hence the
presence .of fat . clays in
overburden and karstification
of rock strata in left bank
resulted in most of the
foundation problems under earth
dam that were encountered in
the flood plain.
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Problems under the ‘earth dam could be grouped into two
categoriesvnamely; :

i. Water t1ghtness of the foundatlon
2. The stablllty of embankment slopes in reaches where

-foundation material consists of thick layers of
h;ghlyAplast;c clays.

'FOLNDATION TREATMENTS UNDER THE FARTH ‘DAM

Foundat1on treatment under the earth dam could be group

V1nto three headings viz;

1. Provision of core trench to prevent ‘seepage through
the overburden

2. PrOVision of a cement grout curtain in selected
-~ ‘réaches of left bank below the bottom level of .core
trench to control seepage through the rock strata.

3. Stabilization measures in the flood plain reach

where fat clays were encountered under the dam base
to ensure the stability of the embankment.

Core trench to prevent seepage through overburden.

- The - insitu permeability tests «carried out in the
overburden along the dam axis have 1indicated that  the

"coefficient of permeability is in the range of 400 to 1000 ft.

per year for the residual soils. In the flood -plain the
weathered rock layer is overlain by alluvial deposits of sand,
silt and clay of varying sequence and varying thickness. The
coefficient of permeability in the flood plain zone is
unrealistic due to the presence of -sand layvers.

In order to prevent seepage through the overburden a core

trench has been provided under the entire length of dam which

-has been excavated up to the bottom'eleﬁation of moderately
weeathered rock strata to cut off seepage through the weathered

layers also. Fig. 2 shows the depth of. core trench. under the
dam. The depth of core trench within the flood plaln (42 to

"116 chains) varies from about 20 ft to 43 ft.
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Three rows of grout holes, 10 ft. apart were drilled (in’
a 20 ft. wide core trench) at a spacing of 10 ft. The upstream
and downstream holes were drilled at” approx1mately 15 and the
center holes were drilled vertically.

The depths of holes varies from 20 to 35 ft. Groutxng Was
done in two stages from:. top to bottom.
First stage - 15ft approximately,"- groutlng pressure 20psi
Second stage - 15 to 20ft., grouting pressure 40psi -

Table 1 gives the details of grouting carried out.

TABLE 1 - Details of Grout Curtain

N Reach = Depth No  Hoie Total Approx. Total  Total ~ ~ Specific: -
: ~of of  spac- Mo Depth  depth of grout grout
- osect- rows eing of  metérs - driliing consuapt. intake
- ion Ft.  holes meters” . K3/
14+00"tb'15+25’ 125
19475 to 23400 325

0 83 6.1te9.0 6454 31,580

e ————

210, 447

The average grout intake on left bank side-was about 40
to 50 kg. per meter and total grout intake per hole varied
from 1000 to 2000 kg. except in one hole where the grout
intake was 3327.5 kg. per meter. In order to determine the
effectiveness of grout curtain 30 check holes were drilled and
water pressure tested. In all the tested holes the lugeon
values were closer to nil and always less than 10 lugeons
indicating the effectiveness of the curtains.
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Stabilization to ensure the stability of embankment in reaches
of the flood plane where fat clays are encountered.

In ‘the "flood plain reach ( 42 to 116 chains ) ‘thick
deposits of highly plastic clays and organic clays with
‘variablé . stréngth were encountered during construction.
Sometimes lower values were obtained .at deeper depths. During
‘excavation of core trench presence of softer clay layers with
slickenslides in bands were observed in different reaches
within the :flood plain. Remedial measures involving a
combination of relief wells, partial or complete removal of
fat clay layers and placement of fills were adopted depending
on their thickness and their depth of occurrence.

Chain 48 to 60 and chain 91.5 to 106

The depth of clay layer was less than 20ft. CH and OH soils in
these reaches were removed by excavation and the embankment
now rests on sandy materials or weathered rock. The downstream
horizontal blanket has been laid at ground  level after
backfilling the excavated deep portion with SC material.

Between 91.5 to 106 chains two longitudinal sand drains 3ft.
wide, 6ft. deep were constructed. into weathered rock and were
connected by sand blanket . laid over the weathered rock
surface. {See Fig.5)

Chain 60 to 64.5

In this stretch CL material with very low shear strength were
encountered. In this reach 15ft. deep and 40ft. bed width key
trench was cut under up stream and down stream toes of the
~embankment and back filled with SC material. These shear keys
were taken up to poorly graded sand (SP materials) in the
foundation. (See Fig.6)

Chain 64.5 to 91.5

In this reach erratic and heterogeneous soil formation with
thick deposits and lenses of plastic and organic clays
interbeded with sands except for the top few feet of lean
sandy and silty clays was encountered. Here remedial measures
involving provision of stabilizing fills both up stream and
down stream in addition to shear keys and relief trenches were
adopted. (3ee Fig.6) : '
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FOUNDATION OF SPILLWAY

The foundation rocks at the spillway site is hornblend
biotite gneiss with varying percentages of the main
constituents. In bands and lenses, the rock is highly
micaceous and intensively foliated whereas in places where
feldsper or quartz - rich portions present form a massive
rock. o : :

Structural Geclogy

Structurally’there are three dominant joint'sets which are
ieffective both'geomechanically and geohydraulically.

1.~ Foliation plane N ) Y
Average orientation 170 - 200 / 10 - 20

2. Joint set 1 (Js-1) . )
Orientation Eanging fr%m 055 - 070" / 85 - 90
to 235 -250" /7 85 - 90 o o

3. Joint set 2 (Js-2) : 0 0
Orientation ganging fr%m 160 - 180" / 85 -90
to 340 - 360 / 85 - 9¢

In addition there are three major shear or fracture zones
two of them nearly forming the upstream and down stream limits
of the control structure and the third shear zone is nearly
parallel to foliation and is called "foliation shear". The
upstream fracture zone is of ‘particular geomechanical
‘importance as it has allowed weathering to penetrate along

~foliation planes and joint set 1 & 2 towards downward
direction. (See Fig.7)
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" The fracture orientation exhibi;gzglittle,ryariability
across the site. The foliation plains are.continuous over the
full width of ogee. The joints are less continuous. In.general
the rocks become  less. fractured with .depth and there are
~insufficient coﬁi@ﬂﬁb”Jfffagxﬁxg planes below EL. 125ft. to
form potentially unstable, wedges, '
°.°  'Many of the joint su fac _
foliation planes contain weathered light brown colore
" The 'fthickness of weathered material varies from 1/10 inch to
"1 inch. In general the dégreegoi,wéathefing,décreaseslaway
from the fracture zone and there  is little weathering on
the glacies face. Many of the unweathered joints are infilled
wi-h chlorite and calcite and majority of foliation planes
have more infilling and are unweathered.

es are weathered and som

Permeability of rock mass and uplift conditions

The water pressure tests were carried out in 30
investigation holes.In vertical holes which generally
intercept only foliation planes, permeability was. found to be
very low (lugeon < 1 corresponding K value is approximately
12"-'10'5 cm per second ). Inclined holes also showed low to very
low permeability values except where weatheredAjointsﬁwere
.intercepted the permeability shot up to 10 lugeons (1%107° cms.
iper seecond). . . : ¢

Summerising the above test results it could be stated
that “the permeability of rock mass is generally low to very
low which is due to the tightness of foliation planes and
tight and/or healed joint planes. Only open weathered joints
represent potential seepage paths. v ‘ o

There are only few of them and occurrence is generally
limited to the vicinity of upstream fracture zone and there
~are only two or three major weathered joints which extend more
than 40ft. down stream of fracture zone.

STABILITY PROBLEMS

1. stability of wedges formed by interception of foliation
planes, joints and fractures.

The foundation rock under spillway block is strong,
generally unweathered'biotite gneiss which is uniform across
the site except for variation in the biotite content. The rock
strength is considerably greater than the stresses induced by
the spillway structure and therefore, the stability will be
governed by the characteristics of the natural fracture zones.

89



Investigations and geological mapping carried out during

- excavation of foundation has revealed that there are wedges

formed by the interception of foliation plane, joint set 1 &
2 and up stream fracture zone which are potentially_unstable.
There are six wedges which have been identified as unstable.
Fig.8 shows the shape and ‘locations of the six wedges. The
stability of these wedges depend, part on the shear stresses
developed along the fracture surface. The factor of safety
against sliding ranges from 0.25 to 0.75 for the top foliation
plane starting from upstream level at EL. 150ft. '

o i, .. 380
. . -t .28 ; e K
LOCATION OF ROCK WEDGES IN SPILLWAY ~F-’O{.‘ff‘JDA'l'K)i‘wl

Seote = 1 inch to 24 Foot

LEGEND~ .

APPROXRAATE SURFACE QUT LINE OF MAJOR WEDGES
OTHER WEDGES MAY FORM ALONG PARALLEL GEOLOGICAL
STRUCTURE .

Fig. 8

2. Drainage and Uplift pressures

Due to tightness of foundation rock the seepage through
the foundation is low to very low resulting in pOor}drainage
and increase in uplift pressures.
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FOUNDATION TREATMENT .
'1. Stablllzatlon of unstabie wedges

In order to- ensure ..the overall stablllty of sp111
*foundatlon it was found necessary to stabilize thé potential
un:table wedges by anchoring using post tensioned rock bolts.

The factor of safety achieved agalnst slxdlng by prOV1d1ng
_such anchors is given in table 2. - ,

Table 2 - Support forces requlred for splilway
. *structure using anchor bolts

éirﬁéfufé Block;' Width |[Rock bolts only ’ S
Type No. Ft. Bolt ten51on/block co ]
FOS=1.0 |FOS=1.5 |F0S=2.0
End pier Y+Z 22 0.6 1.0 . 1.4
Pier W2+X+Y1 56 | 0.9 2.9 3.9
» U2+V4+W1 ' :
Pier T,R,P,Y 34 0.9 1.8 2.4
v I B ,
Abut.Pier N,Z - 11 0.4 1.5 1.7
Ogee U il 0.3 0.5 0.8
Ogee $,Q.,0 22 0.3 0.7 0.9
Y,X,U

¥ All forces are in millions of lbs.

ROCK BOLTING

The general arrangement of rock bolting on spillway
structure is given in Fig.9. Except in block Q & S where part
coacrete has already been done, all rock bolts were installed
from the rock surface. Concrete reaction pads mostly without
reinforcement were casted for tensioning the bolts.

The rock bolting was done using DYWIDAG type rib tor
steel rock anchors of ST 855/1030 steel grade with double
corrosion protection arrangement. The rock bolt with a
diameter of 36 mm and length 19 ft. has a minimum vield load
of 74,000 1bf.
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For extension purposes 5 ft. long threaded bars of the
same material were used. Since. the length. .of ;:the rock bolt
required were 38 ft. and 24 ft. lengths, couplers capable of
developing 100% of minimum yield load were .used, for joining
the short lengths. 1In order to prevent corrosion, .the .rock
bolts were éovefédtiﬁsfgemtirgf.Lehgth wiIh;,aui mm ; thick
straight ribbed sheath of PVC 100 having an inside diameter of
55 mm. To anch0£ the wedges 200 no. 4 inch diameter holes at
an angle of 35" to vertical were drilled with percussion
drilling equipment. The holes were tested for:.watertightness
by water pressure test and those having high water intake were
regrouted and redrilled. After cleaning the holes rock anchors
were placed in position and installed with reaction block and
mild steel plate after primary grouting. The rock anchors were
' tensioned, tested and secondary grouted after the performance
- and proof tests were completed. ‘
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2. Drainage and uplift pressure

{a) To prevent water flowing along the strike of  the

© upstream shear zone which would feed water into the

rock wunders the structure, two connected grout
curtains were provided viz.

i. Grout curtain upstream of spillway structure
over a length of 100 ft.

ii. Grout curtain under the upstream end of the
‘ogee apron to the full length of spillway.

(b) Provision of drainage holes to reduce uplift
pressures.

‘GROUTING

Two connected grout curtains were formed. First grout
curtain was formed by grouting of shear zone upstream of the
spillway structure over a length of 50 to 100ft. The purpose
of this grouting is to.prevent water flowing along the strike
of the shear zone which would bring water into the rock under
the structure.

The second grout curtain was installed under the up

- stream'end of the ogee apron which extend over the full length

of the spillway. The depth of each grout holes is 50 ft. at a
maximum spacing of 10 ft. depending on water pressure test%
results. The inclination of grout holes varies from angle 60
70 80° depending on the geological conditions. Grouting was
carried out in 3 stages each 15 ft. deep. The permeability
criteria used for a successfully grouted hole or tight rock in

~ungrouted hole was one lugeon. (See Fig.9)

DRAINAGE

All drainage holes were provided from the 6 ft. by 8 ft.
drainage gallery which is located in the ogee structure along
the ogee axis with the floor level at EL. 147 ft. MSL on a 1%
grade. The gallery had to be restricted to block R to Z with
access provided through block Z. Extension of gallery to
blocks O, P and Q were prohibited as it entailed rock
excavation by blasting. The draining the foundation of blocks
O, P and Q were made through a system of pipes laid within the
concrete on the upstream slope of ogee. All drainage holes
were positioned at locations of near vertical .jeints which are
usually brown stained ‘indicating that they Carry seepage
water. The holes were close to vertical and designed to
:ntersect both the foliation planes and the joints.
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The drainage holes are located dependlng on the spacing
of joints which are between 5 & 7 f¢t. apart. The diameter of
drainage holes is 3 inches. The drainage holes extend to a

depth:of. 40ft.: from the floor of the gallery whlch is at EL
~147%f¢, above MSL (See Flg 9)

'MONITORING

1. To mo11tor the effectzveness of drainage under the spill
foundation a total of 10 piezometer were installed, five
of . them-along.the dam axis and the other five, 15 ft.

~down stream. All were installed in holes drilled
through the five piers to EL127f¢t. above MSL.

2. To monitor the behavior of rtock anchors load cells
(Huggenberger load cells) have been installed at 20
selected locations to represent the entire foundation.
These load cells have been connected to the read out
station on top of the piers and then to the computer
installed in the splllway s
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Stage 1 Remedial Measures for Stabilizing Landslide
at Beragala on Beragala Haliela Road

D.P. Mallawaratchie
J.Jayamanne

M. Thuraisamy
A.M.L.Attanayake

Road Development Authority

ABSTRACT

Landslides are & major natural hazardrﬁhat disrupts facilities,
lives, properties and affect the country’s economy. Most of the
landsliides in Sri Lanke have been triggered off just after heavy
rains. F ’ '

Stability of the soil and rock slopes are mostly dependent on the
ground water ¢onditions. As such drainage of unusual build up of
pore water pressures during the time of heavy rains 1is an
important remedial measure to stabilize such slopes.

This paper presents the design and construction aspects of stage
1 remedial measures for stebilizing a land slide at Beragala on
Beragala-Haliela Rosd (A16). This landslide also affects the
Colombo-Ratnapura-Wellawaya-Batticaloa road (A4) at Beragala.
These two rcads run through hilly terrain and are gateways to the
Uva Province and North-Eastern (East) Provinces.:..

The major cause of this landslide was! the water logging within
the unconsclidated colluvium. In ordef to arrest the landslide,
remedial measires were envisaged in two stages, that is stage 1
and stage 2. This paper describes the stage 1 remedial measures.

In stage I, & diversion drain with appropriate drop structures
and surface drains were constructed to lead away the surface run
off beyond the landslide areaiwithin a shortest possible time.
Further a trench drain (sub surface drain) of depth ranging from
3 to 4.5m and horizontal drains were provided by using locally
available materials to release the ground pore water pressures.
The techniques of construction of trench drains and horizontal
drains have to be developed in Sri Lanka. The pioneering efforts
made on trench drains at Pussellawa on Kandy-Nuwaraeliya road and
on horizontal drains at Watawala Railway landslide have
encouraged the Road Development Authority to carry out this work
described in this paper.

The future remedial measures for stage I! such as additional

horizontal drains, crack sealing and diversion of stream paths
and lining of natural streams are alsoc discussed in this paper.
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1.0

- From

INTRODUCTION

Beragala landslide area is located between culverts Nos. -

2/1 and 2/3 on Beragala-Haliela Road (A16)

culverts Nos. 184/15 &
Wellawaya-Batticaloa Road.

Romakrishaa
cstale

culvert

From
“Beragale

Styeam

52)’(}9&]&

7

Figure 1: Sketch showing the Beragala Landslide
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The soil cove1 of th1s area consists of colluvium deposits
and rock debris with ]a ge size boulders: dep081t°d on ‘the
chanockite bed rock. :The average slope of "thé" ground
formation is about - 20“ to 36" (RDA (1988), MdaTI'lawaratchie
(1994)}. The sketch showing the cross section of Beragala
landslide along the axis of the slide is given in Figure 2.

Colluvium
~~Road Al

Slide - Oct 198,

— 0o m

ave \ °
mgaks ope Zé

T

averaqe  slope 20°

"Figufe 2: 8ketch .showingv the cr@ss:,sécfion ‘nf the area
' affected by Beragala landslide -

Tea small holdings which were in this area of landslide had
been badly maintained and the land on the upper slopes had
been replanted. with vegetables after clearing of land.

Uncontrolled watering of vegetable plots, collecting water
in unlined collection pits, unsatisfactory maintenance of
earlier contour ridging with dry rubble- retaining walls aad
the allowing of earlier rubble paved drainage system into
dilapidated disuse appear to have contributed to the
instability of the steep mountain slopes. The water
~infiltration causing saturation and increase of pore water
pressures with appearance of springs and formation of
marshy land in this area had aggravated the situation.

The stream flowing past culvert No. 2/3, has a diversion
towards Beragala, that had been made several! years ago to
the lower part of sliding area (See Figure 1). As a result
of this diversion, the ground water level had been raised
~in this area. Surface water in the stream had penetrated
into the sub soil through cracks on the surface of the

ground causing high pore water pressures at locations down
slope.

In some areas the ground water level had been raised to the
ground level and had. appea1ed as sebpage water 1n the 1ower
part of the silde area . : .
Due to the above reasans, slld s:between“ihe two toads’ had
taken place in October 1986.and alsoc in May 1987, during
periods of heavy rain.
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‘As: the water transported in the existing streams ‘had been

blocked by.:these slides at some locations, uncontrcolied

. transport of the surface material and erosion‘of soil had
‘taken place. This had caused the covering of road {A4) with

large quantities of debris in October 1986 and May 1987.

I'n May 1987 cracks had also appeared to a length of about
100m on the road (A16) between culverts Nos.2/1 & 2/3 and
the road had sunk to a depth of more than 1.5m. Commencing
from this period, this section of road had been sinking by
a few centimeters every rainy season.

In 1988, geotechnical investigations were carried out at
this landslide site under Asian Development Bank {ADB}
Funded Second Road Improvement Project for the Road
Development Authority (RDA) in order to rehabilitate this
section of road. Based on these investigations, consultants
for this project submitted their report (RDA (1989)) to the
RDA in March 1989. However this work was not taken up under
the ADB Project due to lack of funds. '

This matter was again taken up in late 1991 and early 1992
when the site was further inspected and surveyed by a team
of Civil Engineers from the R&D Division of the RDA. These
inspections and surveys were carried out after studying the
ADB consultants report (RDA (1989)) on the above landslide.
In these surveys, the possibilities of diverting streams
and lining of streams as given in the above report were
also studied and some of these recommendations were
incorporated in the proposals for the initial stage {stage
1) of control measures. (RDA (1991 to 1995))

Remedial Measures.

Based on the above it was understood that the stabiiitytof
the soil slope mostly depended upon the ground water
regime. Therefore the following stage-1 remedial measures
were proposed to improve the stability of the landslide
area to a safer level:- )

Construction of a diversion drain to a length of about 500m
from culverts Nos. 2/3 to 1/13 to divert surface run off
and stream water flowing through c¢culverts Nos. 2/3 & 2/1.
Construction of a bell mouth inlet structure at culvert No.
2/3 with a gate arrangement to close the diversion drain in
case of effecting any repairs to it caused by cracks

- occurring after subsidence.

Till such time step 2.1 was carried out, the diversion of
the stream below culvert 2/3 which had been made several
years &go to. irrigate the 'lower part of the site, to be
demolished and the stream rediverted to its original path

(See Figure 1). In case of repairs to the diversion drain

mentioned in step 2.1, step 2.2 will be useful in diverting
water away from the' landslide area. ' o :
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Construction of a trench (subsurface) drain in between
culvert 2/2 and 2/1 on road Al6 to lower the ground water
table by 3 to 4.5m.. .

It was observed that boulders on the steep side slopes
close to and below the rcad Alé between culverts 2/3 and
2/2 that were keeping them stable, were being blasted and
sledged for use on the road in 1991. This was immediately
banned. .

Censtruction of horizental dra1n; below the culvert No. 272
(that was closed when the diversion draln was -constructed)
on road A16

Design and coastruction aspects, including problems
encountered during construction.

Design and construction of diversion drain

The diversion drain is abcut 500m long and located from
culverts Nos. 2/3 to 13/1 on Beragala-Haliela road {(a16).

The purpose of construction of this diversion drain is to
divert all water collected at culverts Nos. 2/3 & 2/1 to a
safer location without allowing same to flow into the
landslide area below. ' :

The catchment area for deslgn PUTDOSES Was Worked out as
12.5 acres. Based on the rainfall data given in page 34 of
the book on Design of Irrigation head works for small
catchment by Mr. A.J.P. Ponrajah (1984) for zone 5 of the
country, the rain fall intensity for the 10 years return
period was read off as 106.7mm per hour (4.2 inch per
hour). Assuming the coefficient of run .off as 0.5, the
maximum run off was worked out”4,3 cumec (152 cuSec).

Based on the above design parameters and Manning formula,
a 1.z2m (4 ft.) diameter concrete spun pipe drain was
designed for the diversion of the design rzun off. In
addition to the above, following factors were also
considered during the selection of th@ type of drain.

a. As it is easy to repair pipe joints rather than
repairing c¢racks in a random. rubble masonry or
concrete open channel in vcase of subsidence of
diversion drain, a concrete spun pipe drain was
selected for unstable sections. ‘ T

b. Since the frequent maintenance of the diversion drain
in the unstable sections is essential, a person should
be able to go into ‘the concrete spun pipe for
inspecting the eerv1ueab1i;ty and effect the rep a1rs9
if any. : :

 Therefore it was, deu1ded to have two types of construction

for the d1V€I°10ﬂ drain.
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The area where movement is evident, 1.2m diameter concrete
~.spun pipes were used. In the balance stable gections, open

channels were constructed. In both types of constructions,
suitable drop structures were built to suit the site

conditions and to dissipate the kinetic energy of the water

flow. A typical drop structure is shown in Figure 3.
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Figure 3: Sketch showing a typical drop ‘structure of the
‘ diversion drain. S

. The construction of the diversion drain was carried out by

the Rozd Construction and Development Company (PVT) Ltd.
{RC&DC) and supervised by the Provincial Director’s Office,

- Uva Province, RDA and the R&D Division, RDA.

In the . construction work, ncot many difficulties arose
except in .the handling of 1.2m diameter concrete spun
pipes, where a backhoe loader was used for iifting and
laying the pipes.

However, at. few locations, secepage of water was observed
under the diversion drain pipes. A filter was constructed
using sand, ‘aggregate and rubble (i00mm) to avoid clay
particles being washed off with the secepage water. The side
drain of the road was constructed with precast half round
concrete sections in between the diversion drain and road
shoulders tc collect the above mentioned seepage water and

the surface run off from the road platform during rains.

Trench Drain (sub surface drain)

In addition to the diversion drain, a trench drain of about
50m in length was constructed between culvert No. 2/1 to
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'2/2_;,The pufpasefdf~this drain is.to reduce the ground

. water table to a depth of about 3 to 4.5m below the ground
‘level. The ¢ross section of trench drain is shown in Figure
4. . : oL oo o . .

‘The work was carried out and supervised in the same way as
for the diversion drain. :

o 1860
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o .
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Note : Al dimensions are given in mm  umless
otherwise Stated. '

Figure 4: Cross section of the trench drain

A manual method was used at the beginning of excavation and

the depth of excavation was limited to about 1.5m at the
first stage. Shorings were installed in order to protect
the side slopes from collapsing. The construction of
shoringsﬁwgre carried out as depicted in Figure 5.
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Figure 3: Sketch of shorings (first method)

into the outer periphery of the trench drain. The timber
walings (IOOmm_x 75mm) were fixed horizontally and struts
were installed to keep the shorings in position.

In this method, planks were driven into the ground to fit

The balance "section of the trench drain was excavated
manually. However difficulties were ‘encountered .at the
stage. of driving sloping planks of the shoring into the
trench drains due to varying lengths of struts at different
levels of the trapezoidal drain section. To overcome this
difficulty, a’ second method was adopted using a backhoe
loader for the excavation of trench drain as shown in
Figure 6. This method is similar to that carried out at
Pussellawa (Mallawaratchie, Rajapakse and Bandara (1994))

Timber Struis
Timber piles Timber planks
T T
P . = P B ';IS!
—«WX £ o = 0 /
=} s
5 -
E 3
2 3 p N R
s Lid
k= N IRV R i N v
é -T_O.ﬁm ledt
. ) unaxeavated
N Y
T Ao Lol
A ‘ ; ’ £0~5m leht
o unexcovsted
Trvert tevel : . ’
' ‘ SECTION Y- Y

Figure 6: Sketch of shorings (second method)
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. About 25m length was excavated with 'the backhoe loader

almost upto the final depth. However on the foliowxng day
it was observed that ‘the trench had been filled with mud
and debris. The top 1.5m height was again excavated and
timber piles (100mm x 75mm) were driven intoc the socil and
then planks were fixed laterally at the outer periphery of
the trench drain. Then the balance excavation was done
manually upto the required depth. At the bottom level,
snorzng frames were positioned and braced exactly to the
design section. Over excavated sections or cavities behind
the shoring were back filled with sandy materiais°

En some areas, boulders were encountered at certain levels.

Breaking of rock was carried out by heatzng the rock
boulders to a very high temperature and cooﬁlnc it suddenly
by spraying water on to the heated boulder. In this method,

cracks were formed in the boulder and it was removed part
by part by sledging manually. Bxplosive materials were not
used generally for blast1n° of boulders gsince the vibration
due to  blasting could ‘affect the stability of the

landsiide. However at a few places where the rock could not
be removed by the former method, very light charges of
explosives were used to break the boulders. In this. ‘case,
sand bags were packed on the boulders before blasting to
reduce the throw of blasted rock and the damages to the
side slopes of the exc vation. »

After the flnai excavation and the construction of the

shorings, a polytene membrane was placed on the bottom of
the excavation and the down stream side of the trenth drain
as shown in Figure 4. The gauge of polytene used for this
work was 0.75mm. The overlapplng length of the polytene
layers were maintained to 2 minimum of 750mm TG av01d the
damages to the polytene sheet the entire sheet was not
spread &t once. The folded polytene sheet was gradually
unrclled when the construction of filter drain was in
pProgress. : :

The filter materials used for this trench drains were

selected to satisfy the specifications given in Anney i.

The shape of the trench drain was obtained by using

-formwork, but after filling and compaction of the filter

material, the removal of formwork became a-difficult task.
To overcome this situation, the trench drain was
constructed in steps of about 3500mm height and the planks
were removed after completian’Ox each filling. Vibrating
1ammer plates were used for cempﬂctxon of filter lavers.

To separate the graded aggrecate -and sand in the core of

the filter, at each filling, timber planks were used and

remcved after the filling was completed.
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The water getting collected inside the trench draln was
drained through perforated PVC pipes to the next drop
structure by grav1ty as ahown 1n Figure 7. S
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Figure 7: ghCmGh showing a drainage of tiench drain to drop
: ' structare

of about 5° was ~kept for laying of the
C pipes to aveid any siltation inside the same
he site conditions.

perforated

Construction of horizontal drasins

Horizontal drains are small dismeter pipe drains that are
installed into hill sideslopes at = rising gradient “of
about 2° to 20 to the horizontal. These pipes are
perforated at intervals in order to collect submuxface
water through the perforations angd transport same out of

the bhill sideslopes by gravity. (Perera (1994})

At Beragals lundsiideg it was 0553?veﬁ that the ground

‘water table rviszes up to the road level durin “heavy ”azne

and rtemain at the same 13V@1 for a leng duz&taen gven afte

the rains have ceased. To over come this unfavgura%ie
condition, 3 Nes. horizontal boreholes were driven at 5° to
the horizontal into the road embankment sidesliopes at two
2levations. The method adopted was similar to that given
by Craig & Gray (1985). These boreholes were protected with
suitable casings while boring. Subseguently 50mm dig. PVYC
perforated pipes were installed inside the bore hole and
the casings were removed. Figure & shows the completed
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horizontal drain. This work was carried out by the driliing
unit staff of the R&D division, RDA.
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Figure 8: Sketch showing horizomtal drain
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Construction difficulties were encountered during the
drilling operation due to boulders. To overcome this
problem, 3 sizes of casings were used at different lengths

. of drilling, but the total drilling length was. curtailed
due. fo_.this problem. However &t this location, it was

- possible to dyrill to lengths of about 40m. of horizontal
boreholes ensuring that these drains pass under the entire
road formation. -

A highly jointed rock layer was encouniered at the extreme

ends of the boreholes. - The perforated SOmm PVC pipes
. wrapped avound twice with plastic meshes having hole sizes

of 2mm were installed within that rock layer and

subseguently connected to additional pipes without
 perforations as shown in Figure 8. :

The space between the PVC pipe and the soil to a length of
about 1.5-2.0m at the outlet.of the horizontal drains were
filled with bentenite clay balls in order to seal the water
flowing outside the PVC pipe. A concrete end wall was
constructed embedding the -PVC pipe to protect it from soil
erosicn. The bentonite clay plug and the endwall at the
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outlet of a horizcntal drain is shown in Figure 9.

7
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%0 mm ﬂ PYC pipe

SECTION A-A

Figure 9: Sketch showing the bentonite clay plug and the
endwall at the outlet of horlzontal draln,

All water discharged from the horizontal drains will be
diverted ~away from the landslide area to aveid the same

‘infiltrating again into the soil at the outlet. As a result

of this comstruction, the ground water table was reduced
sufficiently to stabilize the road embankment slopes.

Remedial measures proposed in Stage If construction

Further mitigatory action proposed Dby Research &
Development Division, RDA in order to control the landslide

are as iollows

The water pockets located below the road A4 formation level
to be back filled with a filter arrangement of coarse sand
at the bottom followed by 40mm graded filter material and

100mm rubble arnd ali stagnated water to be drained off from
the iandsl1de area

A few more horlzontal drains to be constructed to draln off
the subsurface water above road (Al16).
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Sealing of the streams above road {A16) to be carried out
without disturbing-the original shape and the grade of the
streams. Before sealing, all loose material of the bed of
the. stream to be removed and small boulders and pebblies to
be packed in the bed. Then the bed to.be .sealed with an
impermeable material such as bituminous material or cement

_-m01car after temporary diversion of streams. When there is

a drop less than 0.5m in existing stream, a 75mm concrete

‘iining on a rubble packed bed to be constructed. If the

drop is more than 0.5m, a special drop structure fo be
designed and constructed

Tension crack covers to be prov1ded by using bltumznous
Jjute fabric or polytene as shown in Flvure 10 : :
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' Co ’ Jule Secking
— T Stople -
' ' 10mm rzih§0rcin9 ‘
bat
&
£
Q
~
t ‘|

Figure 10: Sketch showing a temsion crack cover

All surface cracks to be located and all woody plants
growing within 1 meter of the crack to be cut off at ground
level. Small light grasses to be left in place. About 500mm
up slope of the crack, a- shallow trench to be formed and
suitable lengths of woven jute sacking secured w1th mild
steel ataples as -shown in F1gure 10. :
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The jute to be sprayed on both sides with an appropriate
cut back bitumen. To protect the material from damage, iwo
layers of stones to be laid on top supported by larger
boulders laid in a depression in the ground, on the lower
side of the crack. '

Although jute Sacking is available locally, it’'s long term
performance as a water proofing seal is unknown. It may be

.more cost effective to use synthetic materials such as

polytene or other impervidus products.

A network of trench drains to be constructed below the road
Al16. the subsurface water from trench drains and the
surface run off to be leadaway from the landslide area on
a lined drain.

Concluding remarks

In this work a large quantity of surface water entering a
landslide aresa has been diverted by constructing a 500m
diversion drain using mainly 1.2m diameter con¢rete spun
pipes. This is the first time, the construction work of
this nature has been undertaken in Sri Lanka as a remedial
measure to.control a landslide;‘Pioneering efforts have
been made on ‘the construction of trench drains at
Pussellaw&-on“Kandy—NuWaraeliyaHroad by RDA & RC&DC and
horizontal drains &t Watawala railway landsliide - by
Irrigation Department. These have encouraged the Road
Development Authority to go ahead with this work with
confidence and further develop these methods in Sri Lanka.
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Annex 1
'vSpecification 0f filter~materials*'

The grading curve of the filter should have toughly the
same shape as the grading of the protected 5011 and also
-should satisfy the following limitations.

a) Dys of the filter

‘5 to 40

D15 of the base material

Provided that the filter does not contain more than 5%
of the material finer than 0.074 (No. 200) sieve.

b) vD15 of the filter

S e v - — st - — - e -

Dy; of base material

5 or less

Di; is the size at which 15 percent of the total soil
particles are smaller. The percentage is by weight as
determlned by mechanical analysis.

Dy;s is the size at which 85 percent of the total soil
partxcies are smaller. :
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Abstract:

This paper presents state-of-the-art examples to introduce the
’develcpment of innovative products and - applications of

geosynthetics in the world today. .The variety 'in' - the basic
products reflect the very wide range of applicatiens that has
been and are being developed . Geosynthetic have - ‘pervaded

geotechniecal engineer to -the point where it is no longer
possible to compete with the innovations without focusing the
geosynthties materials. The variety of appllcatlons and
variety of functlons performed by geosynthetics intimately

linked with easy of _ handling,  cost: -effectiveness ° and

environmental benefits. Increasingly, the principal virtues
described are in the areas of reinforcement applications
hydraulic appllcatlons, environmental applications and related-
research. Lessons learned from the earthslide case records
are outllned and an approach to monitor the efficacy of
membranes each suggested for situations  similar to the one
encountered. Hopefully, in future, geosynthetic regardless of
the country or origin should meet novel techniques and
standards aceceptable to most operations gpd -strbngly'global
concerned for the environmental protection. '

i. Introduction

Cities the world over77§¥gw'faoing tremendous pressures in
coping with the unpsralleled demographic changes of this
century. . Just about every 01ty ig forced to house many
millions of ©people more than "the city’s designers ever
foresaw.The result is that the urban limits are forever moving
outward and sites once considered unbuildable - SWANPS ,
marshes and other low lyzns _arsas -  are. being rapidly
reclsibed and labelled as ‘prime sites’ .t i
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While reclaiming these . low- lying areas by 1landfill is not
difficult, confronting the subsequent settlements of the hew
fill is far more’ challenglng Many methods have been adopted
to speed up the process of- consolldatlon,_so that by the- tlme
the site is built upon, most of the settlement is ‘over. )

Dependlng on the various type of 01v11 engineering problens,
and the requirements it is possible to select from the varied
range of gentextiles and geomembranes to obtain. ‘the optlmum
techniesal and economical . . solutions : without “¢ompromise,
regardless of whether the problens involves separations,
protection, drainege, sealing, filtration and contaminations.
with the environment. SRR
. Geosynthetics .offers...a. widé:X market: oriented ‘range of
,synthetics~wOven and nor-woven, geogrid§ and geocomp051tes as
well as, knitted . £abricy for cedvil englnEerlng appllcatlons
Raw, materlal“ sueh.:as" polyethylene polyporpylene, polyamlde,
3polyester Qr . armidg ‘arecprocessed, using modern aﬁd efflclent
%pnoductlon facilitieswall. around the world today '
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Yiatlorac ey i Tl ;‘i_‘.v.,.- i £l LRI L
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2. Principal Functions of Geosynthetics.

Before entéring 'into details of the »engineering applications:
and the environmental aspects. to be dealt with, itwwseaméialééf
convenient to recall the main functions performed by
geosynthetics and re elated qatural procht° {See Fig-1, Flg 2_
and Tabie-2). The main functions could be briefly deflned
follows

(A) Absorption: the process of fluid being assimilsted or
incorporated into a geotextile (Frobel, 1887) or a
bioproduct (Ranganathan, 1884). This function even 1if not
usually mentioned, has to be emphasized essentially for
two specific environmental aspects; water absorption in
ernsion control spplications (typical of bioproducts) and
also recover of floating oil from surface waters in
occasion of ecological disasters (typical of

otextiles)

i i apen weave erosion control geotextile siltfences . permanent erosion and 3-dimensional erosion’
floer roving system P . g sediment control mats control gectextile

WOVEN SLIT WOVEN MONCFILAMENT NONWO\IEN
TAPE GEQTEXTILE  GEOTEXTHE . .- .. GEOTEXTILE -

Looking towardsan aﬁpiicatioﬁs of Geosynthetics
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Table-1. list of currently used geosynfhetic and biodegradable
matural. . produelts with related abbreviations = (modified after
IGS. 1883 sand leoldl et al .1893)

R

Abbfgviatipn o GédSYnthetic/Biﬁpnpdﬁ£E 

GT Geotextile (generic)
GTH Woven geotextile

GTH ' Nonwoven gectextile

GTK _ Enitted geotextile
(£ Geogrid (generic)

GGE » Extruded geogrid

GGB ‘ . Bonded gengrid

GGHW . : Woven geogrid

GN - Geonet

=S Geospacer

GA o Geomat

GL " Geocell

GH : Geomembrane (generic)
LGMP FPlastomeric geomembrane
GME - R Elastomeric geomembrane
GMB - TS Bituminons geomembrane
GC i ..-Geocomposite fgenexic}
GCD. TGeocomposite drain

GC LGeb&ompos*?P relnforcement

GCL i _ ’GeOuomp051te clay liner

GCHM : membrdne liner

BT B0 ‘natursal textile
s (”blotexflle"‘ ‘ S -

BA ' Blodegradabﬂejnétg‘ mat (bilomat i %

EL ‘ Biodegradable natur’ ell {“"bicecell” ¥ .

Lzomposite (generic)
composite drain E

Biodegradshle na
Elude radab i
»blouomgasj

t“

wﬁ@Sgggtheti

the ability of 4.
Fgnids and gases).

f.fluids (both

(C) Cushion. the =ability ~of geosynthetic to control  and
eventually to damp dynamic mechanical sctions {Jappelli
and Cazzuffi, 1991). This function, even it is not
nsually menticned, has to be emphasized particularly for
the applications in - canal revetments and  is shore
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Principal

Funtions ?gf-.Geosynthetics ( cont..)
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protection 1n¢brporating geotextiles = (dynamic 1loads
induced by waves) and also for the. applications in
geosynthetic ~strip layer as seismié base isolation of
earth structures (dynamic 1loads induced by earthgquakes),
as illustrated by RKavazanjisn et zl. 1981)

Table-2. Main functions with related sbbreviations (modified
after IGS, 1893)" and typical geosynthetic and biodegradable.

+/ natural products.

Main function and abbreviation Typical products
(see also Table 1)

Absorption | GT, BT, BA, BL

A

B Barrier (to fluid) ‘GM, GCL, GCM

C Cushion GT, GN

D ECrainage - @T, GN, GS, GCD, BCD
E Surficial Erosion Control GT, GA, GL, BT, BA, BL
F Filtration = GT

I Interlayer 79 . GT

P Frotection eé_fg GT, GN, GS

R Reinforcement;® .y -~ GT, CG, GCR

3 ueparatlon ?““E g GT, BT

s.

(D> Drainage: the ablllty to collect and carry of fluids

- (water, 1eachate, gas) within a . geosynthetic or,

eventually, Wlthln & blodegradable natural composite
crain (Lee et al 1994) ‘

"

(E) Surficial erosion cﬁhtrol:“the complex function carried
out by =a geosynthetic or by bioproduct to prevent ground
surface soil particles from detachment and transport.

“{F) Filtration: the ability of a geotextile to retain soil
rarticles while being crossed by flowing water or,
eventually, leachate.

(P) Protection (of  geomembranes): the ablllﬁy “of a
geosynthetic to prevent local damage to a geomembrane due
to econcentrated mechanlcal stresses

(R) Reinforcement: the result of stress transfer from 3011 to
a geosynthetic. : R _

(5)  Separation: the ability of =a geosyntheticxor, eventually,
a  bioproduct to prevent intermixing  of " adjacent soils
and/or fill materials
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Designing Drainage System with Geosynthetics

In drainage applicaticns for contrclled extraction of water
from soil, filters arﬁ used to prevent in- QltL s0il from belng

;ﬂ*waahed 1nto natu‘al or m&'rmadp drdlﬂu.

To prevent relishble drainage system from silting up or
”ﬁlngglng, dpotextlle'1= applled as fllter mqtexlal ("Fig-3)
- “Structure” T of thP: nun—WOVen geotextil, . €hsures excellent
rQ31ty while at the same time Yetaire °011 partlcals  After
OC1n5 of very fine particles, = na*ural fllter is created
inst clcth, preventing fuvther ero°1an of the soil. If the

o

asizes to be'W uteoted, thern a continual piping will cecur. If
the .pore sizes of the membrans are too small, then a small
diamcter Frldg¢ng network will build up.. resulting in = tight
filter cake wi¥h low permesbility. T '

%‘ = |  ' sfwﬂﬁr ﬁ$§\§$x>
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. ’ : Sieve size (mm) : o :

Fig.3: Design of filter operning size asa funtion:oib

.- partical size distribution of soil..

oy

Therefore, low permeability geotextlle iz highly suitable for
drainage trenches, sas & filter blanket for rip rsp protection
orn - dlllles, banks.: and erosion- oontrul of s1upe etc.

upeclal cere should be' taken when - -using Geotextilies as a
filter memkrane for very uniform 50110, where such a natursl
Zraded fllter cannot be built up ‘ 1
Before 1“1nt:{1nf-f any corrplation to ths 011 partlcle size
distributicn it is necessary to determine the pore size of the
fabric and particulsrly the maximum pore size (Omax wWhich
defines the size of the largest soil. particles.that’ can 'pass
through the fabric. Omexi1$ generallyueguivalent to Ogs, Qss
being the size of the pore for which.95% of . all the pores are
smaller
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Drainage in Buildings and Undérgrouhd,Constructionﬂ

(RS £ o ReR s DENNNNEE S A2

Structural parts of buildings in contact with the earth can be
damaged By moistutre from the outside, by:penetrating.watexidue
to © seepage Tayers’ and also due to development: of hydrostatic
pressure’  See Figl -4 . In projects such as anderground- railway
systen, basem®ht floors for underground’ garages and tunnels ,
a huge- amount® of water has to be coped. with during and: after
constructioni” The solution to the problem' is’a - perfect and
long lasting sesli>which quickly remove the water that collect

. and prevent the build up of hydrostatic pressure throught
‘lebsynthetics. ‘S¥epage layers ensure that water is taken away

=)

et Tow pressite without: obstructing construction load due to

0801

ERE RGN R

By

Fig. 4: Drainage in building inuudder

ground constructions

Fig.S: Dimpled geomembrane sheet

‘a. dimpled b. geotextile filter

pressurized water and, has to be uniformed on all surfaces in
contact :with earth. This will provide rerouting of water
condensing strata and finally the ground water must be taken
out through suitable channel or piping system.

A dimpled geomembrane sheeting is an innovative application to
cope with the above problem as shown in Fig.® . Different stud
heights make sure that water can drain away properly ' in
horizontal or -yertical seepage layers. A fabric filter
prever.ts ground particals from. floating in to drainage layer.
In some cases thermic-welded plastic mesh layer allows dimpled
sheeting to be used as the base for shoterete or mortar. These
spplication are very common in various civil engineering
projects, such as and underground construction walls,
retasining wall, bridge sabutments, tunnels and roof slab
covered with earth ete. '
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Soil Settlenents through Vertlcal Dralns

i - P
’_The orlgznal concepts of' vertlcal dralnsr was develqped in
fithe 1920s: by “greatingi sand columns' in-the- ground::The sand
"columns actdd 'as drains 31nce ‘they: were<mgre spermeabile-than
the 'surrounding” eclay/silt.: Sand t“drains’ are:essentially a
‘serles of vé¥tical: sand columns laied in *a close.: proximity
grid: Although ‘the  sand’ dralns “Worked" well;~ in- ideal
lhcondltlons, there Were however many problems aEE

B 3 The sand fllled columns had no  shear strength at all
. and thus shear failure while placing the surcharde

load was very common. the surcharge load had to be
placed slowly and earefully '

* Daring the installation of the drains, when ., .the
mandrel is withdrawn, ‘necking’ of ‘the hol ‘
always an unverifiable possibility; and:” "

~drains would be discontinued w1thout belngr

* Boring of the hole reguired heavy qgchlgery

* Sand was not always available in 'the"

;red
guality and quantity. .- '

g -

BN
-o«*

In order to accelerate this proqess, cdlosely spaced %ef‘lcal
.dralné are-installed to shorten the flow paths for the excess
Po¥E Iwater In the 1940s Mr. Walter Kjellman developed the
flrst’prefaorlcated vertiecal drain ( wick’) which e ,

g few channels imprinted into a stiff cardbo
concept was further developed in the esarly 1
.introduction of drains using a synthetic drain
longitudinal ‘channels’ envelcoped in a paper

PV DRAIN
L7 DELIVERY
. ROUTE
STATIC
GUIDE .
CASING
" PV DRAIN
PV DRAIN
LB RRAIN ON REEL _
; - — MANDREL
: el el e b |~ LOWER

T MAIN

1

Fig.6:Installation :of prefabricated vertiical drains

120

%



‘fabrieffwhéc composite of geotextile and-igdeomembrane products
 wWhich.s
~discharge tapacity which is maintainedvostial
~underi ther: !

iheludes the ‘grooved drains: ensure that . the adeguate
drthe timess even
lzrge huhnber: of

‘most o severs  conditdonsiocr

‘commerciaic productg_vare::availabléV'ln : fch@iﬂ’”'bf' filter
~fabrics tonisuit  various. .so0il conditiehs:isand  engineered

practices. dExswmple .of such fabrie :and the techanism. of.the

sctivity as’ shown in the Fig.-&.

The rressurised pore water flows  horizontally towasrds the

nearest drain, where it can then esciape freely. This drainsge
takes place by means of synthetic "wick drains” composed of a
rigid core with high discharge capacity Jjacketed with a filter

fabric, of Geomembrance.

[CE IR L

By this method the sett lpment periocd is tremendously reduced
thus permitting the consolidstion process to be complctwd
durlng the. conetructlon period. C L

[

The filter jacket is the key element ,éf the prefabricated

drain. it must fulfill several very important requiremnents:

Sk great 'permeabilify even . under'high compression o
that the eXCess pore water can escape treely,

R at the same tlme excellent flltxatlon properties
. which reliably prevent fine soil from entering the
dralnlnd gore even under high hydraullc gradlenfs,

% . high tfear reslstance to w1thstand damage durlng
installation:

¥ dimensional stebility to resist penetration intc the
core corrugaticns under high soil pressure.

*Rerenily in order to speed up the consolidatien of sbft clay

layer geotextiles covered geomembrane approved drains were
insta’.led at part of the road access project of Port of

Colombo Extension Project. Sri Lanks.

Soil Reinforcement on Road Construction

As. a result of varying wheel load, the foundation layer of =
road construction <¢an mix with the unstable sub so0il, which
greatly  decrease the bearing capscity of the foundation.
Application of separate layer is common for foundation for
motorways, airport, rallroads;.water: disposal sites etec.
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As & protection layer on the top ~and bottom _of watertight
Feomembranes, geotextlle prevent vulnerable llner, from being
damaged by &harp stones as shown in Flg 12 ."A thick and strong
non woven geotextile not only protects :the Tiner, but also

forms a drainage layer which- drains off percolatlon water or
thange the direction of excess pore pressure " This application
~replaoes the traditional 1layer of =and, enabllng steeper

slopes whieh result in =z con51derable incresse in the water
capacity. :

When plaeed between subgrade and aggregate base, Geotextllles
“fulfils 3 zmportant functions.

Separation

Geotextiiies prevents the fine-grained subgrade fron
mixing with the aggregate base. Bearing capacity will
therefore remain unaffected. :

Geotextilies prevents the losé of aggregate into the soft

subgrade . Therefore a higher degree of compaction is
‘obtained., with  subsequent better bearing capacity.
Construction can be .undertaken ' in adverse westher

conditions and therefore tlme can be saved

Ba51callv in any 31tuatlon where " the fine-grained
subgrade can be affected by subsurfsce water, the
separation function of Geotextllles will definitely
increase the road service life.

Filtration

The range of opening sizes of Geotextilies sllows free
passage of subsurface water while preventing mlgratlon of
fine- graLned subgrade towards the aggregate base

Aggregate and traffic loads will squeeze out excessive
pore walter from the subgrade that will 1lead to an
increased shear strength and greater resistance +to
~rutting of the subgrade (consolidation).This clearwater
can be readily drained away by sloping the subgrade to
one side of the road and installing longltudlnal dralns

 The thickness and the water permeability of the- aggregate
base being important compared to the thickness and in-
place permeability of the fabric, the “"drainage” funection
of the fabric is irrelevant in pavement structures.

1?;_-2
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reinforcement

Membrane mechanism Restraint . Restraint

Fig 7 : Three distinct mechanisms by which fgeotéxtile: feinforces

wheel load.

I3
e

- Wembrane Hechanlem

Az the AFS uYuth niid
‘applied -losdingy - G

vp°rpeudlfh* ar ‘o Th

deformatioan.

an aggregate-fabric-subgrade system

Reinforcementv

There =mre three distinct mechanisms by which Gectextiles
reinforces an Aggregate-Fabric-3ubgrade (AFS) system =znd
improves its resistance to permanent deformastion under
‘repetitive loazding (See Fig -7)

Restraint
In this mechanisn tn re.are two fypes of restraint.

e curvature of

Qne is related +to  the revers

Geotextilies cutside the wheel psth where a downward
pressure is ¢reated which has the effect  of 3
sucharge load. The resault is an inerease of
subgrade besring capacity undernea th. the wheel path.

The othery iz the restrain: Geotex tllies' provijem
when aggregate particles adiacent to the Ffabri

attempt to move sway from under the losaded sres

Th;b confinement of the sZgregste increases it

e g g
strength’and mddiiles. whica in  turn decreases the
compressive  stress ont he subgrade underneath the

‘crmation due to the
< evelups  in-plane
comporent of streszs

tensile - ”treéO'whlchff‘ 3}

ng snd the. ms ! of the load by the

Rutrl )

gdeotextile conbinzes art13 & eqguillibrionm. is
resched, that ;ountil  the gsubgrasde can o bear the
distributed sad wixthout further  plasitc
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) ‘Settloment -

Fig 8: Factors contributing to the
improvement of ‘load braring capacity

of subgrade uéipg geotextile for road

o costructiomey. sl 1T

b

kS

i. signifi¢aht improvement due to
seperation function of geotextile.

¢

ii.neglegible improvement due to

- Load:bearing éabaéity '
of:sUbgrade without " -

-t

reinfofcing function of geotextile,

© reinforeing fii ] I
of geotextie” ... " T

iii. Loecal reinforcement

Loads on individual stones can cause spot failures
in the subgrade. Geotextilies distributes the load,
redices the  stress and provides resistance to
displacement.

Since the relstive contribution of separation, filtration and
reinforcement functions vary in importance with different
aggredates, subgrade and other local conditions, it is
necessary for the fabric to possess a good balance of
properties( Fig. 8).

Geomembrane to Control Movements of Rain Induced Landslides

The landslides are belong to a part of natural slope stability
in geotechnical engineering. It has been well known that the
causes of landslides or natural slope instability is closely
related with water ingress into the ground. Surface drainage
was the simplest application to reduce. water ingress into
subsurfaces. Also trench drains and subsurface Hhorizontal
drains . are constructed to collect surfsce water
and lead it to outside the sliding aresa. But = relatively
large amount of water percolate into the ground before the
water reaches the surface drainage system is in common in high
rainfall  intensity areas. = Therefore, certain added
considerations must be taken into design and rlacement ~of
membrane systems when aiming to prevent water ingress through
slide shear boundaries or through slope tension cracks of s
landslide. ' ‘ o
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Side boundary shears

a0

__Seale 1:1875 .

b

Insitu soiI pUmpacted
in layersﬁw‘\r '

iliing“;f:tensinn cracks
by sand¥slurry. & -

.eal}ngv Qg“xF%&

_ ,ﬁe;aﬁively:étébi-
' right-bank of the\

- Earthslide . , -0 g . .
e L \\‘_ . Earthslide mass
Insitu soil compacted .
in layers
N lzar oot

o y .
[ = P New ground surface
i : " £  was turfed

Fig 9:Paln of Watawala Earthslide

N

125

Seéling of shear boundary



The earthslide 1@t$ Watawala in Sri Lanks and Jitsukiyama
1andslide'in Japan Were taken as case records to convey that
the success of sealing by membranes{ €1g-9) . '

Cne of the wmost significant lessons . learned from the above

case records is that techniques ©of membranes for landslide
control are very different from those of their using
conventional or - routine type of projects, although the basic
curpose of water insulation may be more or less the same.
However, some of the rain induced landslides are very
complicated in  their mechanism, it is very difficult to
predict the location of sliding surfaces and the amount of
rattern of rainfall which causes the failure. This was the
obvious identification of Jitsukiyama landslide in Japan and
surface-sealing using geomembrane was extended. to cover wide
area from the assumed boundary of the earthslide.

Fig 10 :““§eaTing. of boundary shear surface and consfrﬁcfion of

trench drain using geosynthetics as an interim control measures.

“In esarthslide control works a membrane system is just one of
the many elements of an overall remediation prackage and wholly
depends for its efficacy of the collective affect of 81l the

remedial measures. Rigours of membrane specificsations  for =
given job~ ©r care to detail of the procedure of its placement
are not enough in themselves to sachieve end results. The

considerations of membrane capacity to absorb large strains as
also their frictional charascteristics on slope™ t6 inhibit
slippage at the interfsce are guite important in the case of
landslides. : :
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Y 5ute and Coir Finds Application as a Geotextile

cwiz  Jute and kenaf are soft natural fibers which is mainly used

for fabrication of woven geotextlles Time before, 3Jjute and
goi# fabrlc traditionally uséd  as various packing materials

e For . vegetables, fruits and as well as floor covering. As a
“demand— for jute packing materisls sas deéclined, due to the

“m“adoptlcn of . bulk handllng and due ‘to the competition of

geoéynthetlcs

'Jute geotextlle a woven mesh of thick Jute varn, when applied

over soil, provide thousands of tiny check dams to impede the
flow " of water and help s0il .stabilisation and allowing.
germination and successful growth of vegetation. The material
absorbs five times its weight of waster and this water is
slowly relessed to the soil for proper growth of vegetation.
As the material is made of natural fibers it biodegrade
gradually cver a period of +two years providing nutrients to
the so0il. ’ B

The colr geotextile have s very high tensile strength enabllng
them to hcld the soil together until plsnts and trees are
grown. Coir is strong cellulose fibre with & high lignin
content (58 percent which is higher than that in tesk wood. It

~1s resistant to rot, mould and moisture. The life-span of coir .

geotextiles ranges from five to ten years . depending on the

‘environment and this allows full plant establishment and land
stabilisation. Besides @ being completely bicgegredable they

‘v"also absorb water and' act on much providing an ideal

microclimate of plant growth. These natural geotextiles are
produced in Bangladesh, China, Indis, Nepal and Thailand.

“Environmental Protection Measures in Reclamation

Reclamatien is. the work in which a defined area of water is

enclosed by revetment arid soil or sand or waste is Filled in .

the area in order to develop a piece of land. One source of
water pollution with the: reclamation work is . the extra:water
flowing out of the reclalmed area. The extra water contalns
suspended, organic ““dnd hazardous materials and oaily

substances. Generally, hazardous materials are considered to
- be removable and are attached to the suspended materials.

The free—standing 511t Protector (see Fig-11) will support

~the curtain from the sea bottom utilizing a sand discharge
pipe or the like. ’

‘Thls protector  is .suited to large-scale  dredging work

¢énducted at great depths where_of the sludge is expected to’
dlffuse over @ wide rangel “iIn case of movement, air is sent
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™

- oy ~Grab frame —-——

'+ Sift Protector —

ig. : f geosynthetics in ha:i'bour
ift Protector Flg 11 Use of geosy : .

construction work and
Land ; - -
AAANNNAYN _\ NANDN NN SRR EERL LR . .

“ J// \;\\ environmental protection -

Silt Protector

into the =and discharge pipe to raise it'to surface, and the
protector is dragged by barge.

F Resistsnce to Installation and Construction Damage’

3 .

| For effective separsation performance, the geotextile must not
! be punctured or damaged during construction:  During fill
f . placement, .especially when large size, sharp angulsr fill
oo materisls are present or when insufficient fill thickness is
L o adoptec, the geotextile is highly susceptible to puncture and
! damage. The latter requires that a minimum design thicknesses
Z maintdined throughout the construction process.

|

g Construetion damage due to stone aggregate puncturing through
! ' the gectextife: is "'the -most critical form - of damage likely to
occury ¥Thusy“ :the geotextile . must fulfill minimum puncture
resistende criteria. Geodtextile performance or test criteria
that presumes damsge and does not ensure prevention“(i.e. tear
- - resistance) is not relevant and should not  be usSed as the

sy O
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subsequent tear propagsetion.

mdedicated;to,thefpapervﬁighiigntst The recent ev
.. state of the art zhows & growing - interest of re

P
-
.‘—”»_‘A.ﬂ
Fig. 12 : Stone puncturing a g
- “‘géotextile as presure. _
is  applied on the ° R
stone aggregate. ) |
o
basis for degign. It is mors ‘ratibpral “to design Wto avoid .
punciure by specifying minimuam puncture siztanc
reguirements than to allow damage and attenpt 1 i

To prevent the geotextile from puncturing during const f
the " following influencing parameters  must be eval : Lo L
determine fthe anticipated punciture force: ‘ o I
#  Initisl:thickness. of Fill above the gectextile which is a o
‘function of zubgrade CBR, o ' a _ o S

* Presence of stonez in the fill especially in
201l {dxer S0nn mesn diameterd). : ‘

* Type c¢f conatructicn vehicle, wheel load and =ontact ares: N
oand thus the pressure-exerted at the elevation of “the ‘
wogentextile. o : - _

Conclusion e L : : T o

The-  last decades . -hkzve: seen impressive progrsss in

geosynthetics technologies and applications:and’ saibstantial

developments. of désign.umethodsssgs-~conveyed by the  many

wdinternational confersnres; syhpesie and teéchniecal pusnlic: ions
o

oo

he

users towards the development of the products o
effective environmental protection. . :

&
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