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Lecture - 39
Case Study of the Construction of Airport Runway at Pakyong, Sikkim Using
Geosynthetics

A very good morning students. Today’s lecture will be given by Mr Ashish Gharpure, he
is the chief operating officer from Maccaferri India, he will be talking to you on the
construction of the airport at Gangtok, Sikkim. So, just from my understanding, these are
Master students or B. Tech students and basic familiarity with reinforce soil. Even from
technical or theoretical point of view, how we came up to design this kind of structure in

India, which is unique in sound fashion.

(Refer Slide Time: 00:50)
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PREAMBLE
« Sikkim came into existence as a state of India in 1975.

*« Due to its land locked scenario, the state of Sikkim can only be
approached by road. Nearest rail head is at New Jalpaiguri and
nearest airport at Bagdogra which is 120km from Gangtok.

* By virtue of its lush green topography, with a wide variety of flora
-fauna and presence of Himalayas, Sikkim has always been a place
of tourist attraction. Although, Sikkim has ample scope of tourism
development, due to non availability of airport; there is no direct
accessibility.

+ For this reason, a new airport is proposed to be constructed at
& Rakyong, which is situated approximately 33km from the capital
L 7 Ghngtok
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So, just to give a little background this project is in Sikkim, it is actually very late when
Sikkim got into India. It was not from the beginning, from 1947 when we got our
freedom. So, Sikkim became a part of India only in 1975 and very unique again feature
of Sikkim is that probably only state which is surrounded by three different countries

apart from India, so one side is Nepal, other side is China and the third side is Bhutan.

I will show you in the pictures also, there is no direct access to Sikkim, we had to go

through West Bengal Jalpuguri or Bagdodra area and you get there very beautiful



countryside and lot of potential for tourism. Hence, government decided to put a new

airport in the area, this is the location of Sikkim.
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See, if you can see the point if at all you have it, so if you can see that red dot there, so it
is surrounded by Nepal, China and Bhutan.
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INDIA-NORTH EAST REGION
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This is the detail.
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There is no access, but through this small portion of West Bengal and this is what is
proposed as an airstrip into the region, since it is completely hilly region, and for airport,
you actually require lot of flat land. It was difficult right from conceptual stage to build
airport in the region and if you see the location, it is completely hilly location. From top
to bottom, it is more like, this side is hilly area and slopes down like that and then they

decided to put a strip in this direction.
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So, just a physical photograph, we closed from the lights, so that or because understand.
So, this is the hill and this is the direction of the airport strip, airstrip actually, so runway

is in that direction.
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SITE PHOTOGRAPH
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See the contour, | mean just seeing and looking at these contours and terrain, you would
not be able to believe that an airstrip can come in this location, which requires a flatter
land.
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MACCAFERRI TECHNICAL CHALLENGES

Cut and fill height ranges from 4m-111m and 4m-74m respectively
9 Jhoras (natural streams) crossing runway to downstream side
Seismic zone §

Average rainfall in area around 3000mm

Steep Valley slopes

No rock available in a foundation strata with huge variation in soil
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So, what were the technical challenges in this project is, the cut and fill height ranges
from 4 meters to 111 meters of cut and fill side 4 meter to 74 meter. There were 9 Jhoras,
Jhora is a local term for a natural stream, so 9 of these natural streams crossing the
runway from uphill to downhill. This is in seismic zone 5, so highest seismic zone in the

country.

The average rainfall in the area is 300 millimeters, 3 meter, | am sorry 3000 millimeter,
three meters of rainfall every year and very steep valley slopes and no rock available in
foundation strata. This is completely soil hill, you may get some weathered rock if you
dig deep, but again it is a very local like saying, there is no parent rock available in the
area. So, if at all you look at that, the first thing comes in mind are, do we have risk in
this? It is just a joke to put up that we have to do the risk analysis first to even build or
think about whether we can build this kind of thing?
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So, what kind of risk and obliviously this is a joke, but in the size of nest over analysis
cluelessness or micromanagement, what kind of risk we can get in and the decision
maker replies | do not understand the these risk. Again, we are listing that is number 36
in the list. So, there is lot of uncertainty what | am trying to convey here, lot of
uncertainty we did not even know what kind of risk we are getting into by designing this

kind of structure. Anyway, we went ahead and took that decision, so the runway strip



was planned in north south direction and hills actually slope is from east to west or west

to east.
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PROJECT BRIEF & BASIC REQUIREMENT

The runway strip (02 — 20) is planned along N-S direction and the hill is having
a natural slope from West (uphill culting portion) to East (downhill filling
portion)

Cutting of uphill portion shall be done and the same material shall be filled at
downhill portion to get the required level of runway. Hence, maximum amount
of material from cutting should be compulsorily used in filling

The project is designed in such a way that, entire volume of cutting material
will be utilized
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So, cutting of uphill portion will be done and then the same thing must be filled on the
valley side, because that way will reduce the waste of material. We do not have to dump
all the soil what we cut so that entire volume of cutting material will be utilized. So, in

fact, the levels were set accordingly that the entire volume of cut will be utilized.
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This is a conceptual sketch to start with, this red line what you see is kind of a cutline,
this is a particular section, so you will not see the balance here, but so you will cut here,
make the strip like that and fill this entire portion. Here, what we proposed is a
reinforced soil wall and here in the cut section, this gabion to and some slope protection

works.
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I will go to the scheme in detail later as well, so this was the master plan runway strip.
The terminal building and elite structures and here what you see this is an approach road.
So, this has to be maintained as well because this would have given us access to all this
area. So, this has to be retained and then build a structure or flat structure in this. So,
these are the proposed boundaries actually of the structures, so you had to go as per the
contour. Hence, you will see the boundary was very not regular and this is the runway

strip all across.
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PROPOSED TERMINAL BUILDING
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This is what is a proposed terminal will look like, a small terminal I think 80 of 65, 65
seater ATR will land in this, because we could not go for a full size runway had to see
this.
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It is hard to see there actually is a complete cross section shown here, where it is difficult

to see in here, so, anyway the cut and fill were balanced.
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MACCAFERRI Technical Considerations,
Solution Adopted, Design & Construction

| FILLING SIDE (EAST)

System had to be highly resilient to withstand
high pore walter pressure
High seismic forces
Very steep slope
Substantial surface and subsurface water flows

Additionally the structure has to blend with the scenic natural beauty of
the region and should not adversely affect the environment and local
habit.

Conventional rigid walls of masonry and concrete are ruled out due
to the prevailing extreme site conditions
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So, this is the filling side, what were the technical considerations and solutions adopted,
so filling side we had these issues with we had to deal with. There could be high pore
water pressure, very high seismic force, very steep slopes and very substantial surface
and subsurface flow.

In fact, just to let you know whenever you do construction whether it is a highway or
anything in hilly area, you know we always say three things you had to take off and these
three things are drainage, drainage and drainage. If you take care of drainage, your 90
nine percent issues are solved. Structure is a supporting thing, but the basic thing at the
back of your mind should be drainage, how to give the water outlet. If water is not
released properly, you will have problems in all types of structures. So, keep that in mind
you know, whenever you go into design in hilly areas, drainage is the most important
thing I will hammer that point probably couple of times in this presentation.

So, anyway apart from that, the structure has to blend with the natural scenic beauty also.
You cannot make an eye source structure in such a beautiful countryside where
everything is green. The only location where you do not see green is a man made
structure, otherwise this countryside is completely green. We wanted that merging to the

environment should happen and conventional rigid walls and concrete.

I mean one thing that not only that they do not merge with the surrounding, but they are

eyesore, | mean ascetic wise there are not good and plus they are rigid. So, in this kind of



country, where you are building a structure of 78,80 meter, you expect lot of settlement
and if you build a rigid structure on top of that soil, then you expect lot of cracks and

plus the cost is always a concern.
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High Retaining Structures are unavoidable due to restricted horizontal
space as well as very high embankment
The following different type of solutions were considered originally by

consultant as retaining walls along filling side,
1. Rigid RCC Wall
2. Flexible Walls
a. Reinforced Soil walls with discrete concrete panels
b. Segmental Walls

¢. Wraparound system
d.Composite Soil Reinforcement System\Walls (ParaMesh)
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So, while going through the design in process we did consider it, but the more trust was
given for flexible walls. So, we did consider reinforced soil wall with discrete concrete
panels segmental walls wraparound system or a composite soil reinforcement system, we
call it Paramesh.

(Refer Slide Time: 11:28)
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FILLING SIDE (EAST)
Composite Soil reinforcement system (ParaMesh) wall is selected as
retaining structures along filling side, based on the following important
parameters which are specific to this project

Flexibility & seismic performance

Cost of construction

Speed of Construction

Use of local materials
Environmental considerations
Permeability

Aesthetics
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Eventually, we decided to go with the last option which was paralink. These are the
reasons one is that it is flexible and its seismic performance is very good any
instantaneous load this polymeric materials are good. Creep sustained load they have
creep issues, but instantaneous load like seismic effects are in loads. There are very good
the cost of construction you would not believe, but original proposal was 1,300 crores
which were brought down to 300 crores. With this structure, this 1,300 crore because
originally they taught about r ¢ ¢ wall, | do not, but who taught to me it is a non starter
right at the beginning. It will take me one minute to a discard that kind of structure.

Speed of construction was very rapid, you do not had to wait. You know concrete
structure, you had to build then wait for strength to gain and then you go for next layer
and so on. So, speed of construction was parallel as you are building the wall you are
filling at the back everything is going parallel, so you there is no practical practically no

waiting in time.

Use of local materials as we mentioned, entire fill was through the cut area material, so
we use lot of local materials and cut area materials also included boulders. So, we
depending on the quantity, we were getting from the cut side we filled the gabions into a
gab ,sorry the strong cetirol gabion wall and built that also the stones were not available
in high quantities. Hence, we did not go for any bulky structure or anything it is just a

facia.

Environmental consideration, this type of structure what | am going to show next, you
will see that these are green structures that you can grow actually vegetation into the
structure. Unlike in a concrete wall or rigid walls were the roots of vegetation can
actually crack the structure or widen the cracks here. They further reinforce the structure
if the vegetation is there it will just grip all the stones or the soil behind it and increase in
strength permeability again going back to the same point drainage is the main aspect. So,
entire facia we made it draining, so there is no construction which is blocking the water
from flowing out. Then attics it was a green and very nice looking structure in couple of

next slides you will see
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Composite Soil Reinforcement System consisting of the following;
* High strength Geo grids as primary reinforcement

= "Green Terramesh” as facia and secondary reinforcement where space is
available.

= “Terramesh" as facia and secondary reinforcement where space is
restricted

= Geotextile as filter/separator

» Vegetation in Reinforced Sail Slope
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So, what we used is a very high strength geogrid and again that everything was selected
as per the need. Why very high strength, because when you are cutting there is lot of
issues with what should be the size to fill at the back, they maybe boulders coming which
are bigger in size. Now, if you have your reinforcement placed very closely these
boulders may influence the function of a geogrids. So, we wanted to place the geogrids at

very high spacing, if you go for higher spacing, you need higher strength material.

Hence, we used a very high strength material and we went even up to two meter of
spacing and there is a way to do it. Obviously, of facia has to be retained and I will come
to that in a while. Then we used green terramesh as facia again for the green look that we
wanted at the outer surface and we also use these facias, whether green terramesh or

terramesh.

Terramesh is with a gabion facia and green terramesh is completely green facia and both
had a tail attached to it, which we call secondary reinforcement. This is just to retain the
facia then we use geotextiles as a filter and separator, obviously with lot of flow taking
place through the structure. The major concern was soil particles should not migrate
along with the flow and then you will have a subsidence. So, lot of use of geotextile is to
protect any migration of a soil particle then vegetation in reinforce soil slope some

deliberate plantation were made.
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COMPOSITE REINFORCEMENT SYSTEM COMEINATION OF PRIMARY
AND SECONDARY REINFORCEMENTS
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So, this is the green terramesh structure | was talking about, so these are the units which
are we call it secondary reinforcement. We call it steel mesh and the facia is the green
facia wielded mesh with coir mat, this coir is preceded or you can do hydro ceding later
also, and then it grows green. It will be in touch with the soil behind, so immediate
contact of soil. So, these were and this is the very high strength geogridthe particular grid

is called paralink.
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BENEFITS OF USING COMPOSITE SOIL REINFORCEMENT SYSTEM
(ParaMesh)

Using geogrids as the primary reinforcement can provide:

+ High range of strengths

commercially available * Using prefabricated steel mesh units

as the secondary reinforcement can
* Reduced on site material provide:

handling

+ Ease of installation « Modular facia

= Single construction unit
* No frameworks required
* Product uniformity

« Ease of stock maintenance
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Then we also talked about using gabion facias this is the gabion facia unit and here also
the tails are attached, these are the primary, the secondary reinforcement. So, again high
range of strengths is commercially available and this reduces the handling at site as well,
so by placing it at 2 meter distance. If you place it every say couple of inches as then you
have to roll out every 6 inch, every one foot or something this material lot of handling.
So, if you use very high strength material the handling reduces and remember we are
talking about 70 meter high structure. So, even the length of this reinforcement was
approximately 50, 60 meters, so you are rolling 50, 60 meter every foot is not a practical

solutions.

So, another consideration for very high strength geogrid and it was easy to install I mean
you just roll it out. It has its own self weight, it will not bend, and it will not have a
memory to roll back or something. So, it was very easy to roll out there are a couple of
materials in polymeric materials range where this kind of geogrids have memory.
Memory in the sense, when you try to roll out or you try to roll back, so very difficult to
handle.

So, again selection criteria was the geogrid should be such that once you roll out, you do
not have to mess around with it and just to keep it down and the self weight and
unrolling properties were considered. Then this facia has modular type of units, so it was
2 meter wide only and this length is around 3 meter. So, there is a modular you just
pickup and keep placing side by side and keep connecting them, so then this
reinforcement secondary reinforcement is a continuous from the facia. So, practically
there is no joint here or here it is monolithic with the facia with these kind of things,

when wielded panels are used here or a gabion facia used.

You do not have to put any support structure of form work in a wrap around system, if
you have studied that you need to have some support. Otherwise, it will keep on bulging
and de shaping whereas, this type of structure have its own slope or vertical faces, so you
do not have to put any form works product uniformity from outside. It will all look same
this is also a mesh, this is also a mesh and where we are using gabions that is also a
mesh. So, aesthetically it will be all same from outside is of stock maintenance again, it
is @ modular unit, so you do not have to worry which unit to put where it is all same the

codes.
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Codes Referred for Stability Checks

1. BRITISH STANDARDS (8006) FOR SLOPE & WALLS for static designs
2. . FWHA (as per AASHTO) for Seismic designs

The following Stability Checks are done

- External Stability Checks
Sliding
Overturning
Bearing Capacity

- Internal Stability Checks
Pullout of solil reinforcement
Breakage of soil reinforcement

o Qverall Stability check (slip circle analysis)
7

e
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We referred is British standard 8006 for slopes and walls for static design because BS
has a limitation, it does not talk much about seismic design. Hence, we went with
Federal Highway or AASHTO design for seismic analysis. We checked obliviously the
normal checks of any reinforce soil wall, its external stability check on sliding
overturning and bearing capacity internal stability checks on pullout of soil

reinforcement and breakage of soil reinforcement.

Then we also did in overall stability check again this also becomes very important in
hilly areas, for normal reinforce wall which are on the flat land like flyovers and all
global stability is not you know that important. You still need to run the checks, but in
hills it becomes extremely important that you run that. In fact, lot of our designs were
guided by overall stability rather than anything else because deep circle the slip circle
was pretty deep.
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Maccaferri design output (MacStARS W Software) and typical cross section for highest filling location,
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This is just to show how we ran the analysis, so this was modeled in software called
Macstars, its Maccaferri’s internal software. Maccaferri’s stability analysis of reinforce
soil that is the long form of Macstars and this is how we run slip circles, and you can go
pretty deep with that you can generate thousand of circles. | still remember that during
my M. Tech days, that it was only one problem was given for stroke stability analysis

where we had to do it by hand and with probably four slides.

We were already exhausted doing the calculations and thank god, lots of software’s
today are available, and they can run thousands of slip circles very quickly. If you see
you know these are the spacing and as you go on the top, we even reduce the grid
further. So, at the bottom, it was approximately 0.5 to 1 meters spacing, at the top it
became almost 2 meters spacing. This you can see was the line before we started
excavation work when we excavated it back and then build this wall.
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So, having explained that now I will just run through couple of pictures of these areas.
So, there are four different sections we identified, so we call it wall one wall two wall
three wall four different chain ages.
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Initial Ground Condition
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So, these were the initial ground conditions.
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Grading for Wall Construction
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Started cutting it, building this gridding.
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Initial Layers
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This is the initial gabion facia layers.
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This is the main reinforcement lane.
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Wall | under construction
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This is the structure built.
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This is the Jhora coming out, we are yet to build at the point when we took this picture,

we are yet to build a drop structure, but in couple of next slides you will see that.
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Structure up to substantial height completed
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So, started building, one thing which is not clear in the sketch, but since we build this we
had to protect the toe of the structure also, this was the road in front. So, we also built a

toe wall to protect the toe of the main structure.
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Structure up to substantial height
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So, it will look like this, so this is just a small gabion wall maybe foundation depth is
approximately one and half meter below this. Then it was filled back so that it can
protect the toe erosion, toe erosions is one of the main concerns on this type of hills the

structure.
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Structure nearing completion -
Vegetation on berms
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Now, you can see when this was built, you can see the number of layers a small set offs
were given when the structure was built and even each layer has just, take 1 inch of edge

as you built.
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Initial Grading
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So, this is wall two, now on another location.
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Initial layers of Green Terramesh installed
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Grading work here, the green terremesh structure installation.
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Greenery coming up during construction
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You can see in couple of months it started growing green.
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Further Construction of Reinforced slope in progress
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You can see the height of it, how high it is going.
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Photograph in 2011 (Good amount of
vegetation has developed on Green
Terramesh)
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Rolling compaction and the vegetation started coming in 2011.
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Photograph in 2011 (Good amount of vegetation has
developed on Green Terramesh)

Ashish D. Gharpure

Complete structure is now looking at this; it will look like more natural hill rather than

any constructed wall.
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This is wall three.
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Wall under construction
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Again, wall under construction.
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Wall under construction
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Here, the unique thing is the bottom part is gabion aphasia and the top part is green
terremesh. We expected the see the consideration for choosing, whether gabion or green
terremesh was also constrains of right of race gabion. We can make more or less vertical
green terremesh has to be yet around 65 degrees slope case of depending on the land
availability. How much water percolation is expected because most of the water will
percolate through gave here, structure here without disturbing the green derivation at the

top.
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Now, the same structure, so this in this same structure this after construction. Now, you
can see also gave stepped we are constructed so that whatever water comes out from all

the Jhoras, where given in outlet and this was out let structure.
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It completely says, it even this look like an natural hill.
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Now, this is wall for the last area.
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Preparation of bed
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Preparation of bed and you can see that what kind of risk we were taking.
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Construction of initial layers and progress
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Also lot of dwelling is the areas, which have to be protected.
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Wall up to 16™ layer completed
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If you see the construction feature that we do not build, you know complete section

vertical there has to be stepped structure otherwise the difficult to control.
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TECHNICAL CONSIDERATIONS & SOLUTION ADOPTED

CUTTING SIDE (WEST)

Gabion toe wall + overlying slope finished to corresponding angle of
repose

Slope protected by erosion control blanket made of coir in order to
prevent erosion and allow vegetation to grow.

The erosion control blankets shall be suitably anchored to the finished
slope using “U" pins

The maximum height of the cutting slope protected this way shall be
approximately 111m
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Now, on the cutting side what were the consideration and how we build a Gabion toe
wall again, because drainage was very important pretoria and we covered it with an
erosion control blanket made up of coir. This blankets where you, now made to hug the
surface, because then only the grass grows faster in it. We used U pin which has to be
hammered down so that this square matrix gets close to the surface and remains in touch

with the surface soil. Maximum height of cut slopes is approximately 11 meter.
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TECHNICAL CONSIDERATIONS & SOLUTIONS ADOPTED

FINAL SOLUTION CONSIDERED ON CUTTING SIDE (WEST

Toe walls + Erosion control selutions on cutting side (WEST) consisting of
the following;

— Stone filled Gabions as Toe Walls (3m high max)

Geotextile as filter/separator behind Gabion walls

Erosion contral coir blankets along finished slope above toe wall
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So, typical gabion toe walls were 3 meter and there is always a geotextile filter behind

the gabion wall, mention to arise the soil particle migration and erosion control blankets.
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TECHNICAL CONSIDERATIONS & SOLUTION ADOPTED

CUTTING SIDE (WEST)
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On the toe walls, it was the solution.
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TECHNICAL CONSIDERATIONS & SOLUTION ADOPTED
COIR MATS FOR EROSION CONTROL ABOVE GABION TOE WALL

Coir mats are manufactured from coconut fibers and polypropylene netting

They Provides erosion control and creates hospitable conditions for plant
establishment
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This is the coir blanket, so itsmove on withpolymeric thread also he has to give enough

strength.
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Cutting Slope Protection with Erosion Control Blanket type BioMac CC
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This is how it is laid on the slopes.

(Refer Slide Time: 28:57)
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DESIGN CHECKS PERFORMED
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For Gabion wall, again we run similar checks as for any gravity wall in case of the check
what we do is again over all failure is always a part of design, then foundation for
bearing capacity sliding failures over turning failures and additional test. What we do,
which you normally do not do with any other gravity wall is any internal sliding failure
because there are modular structure that could be sliding failures at some inter layer as

well.



So, all those test we do and coming to the third main structure design which is drainage.
The entire drainage has to be planned, otherwise it will run in trouble and this is ours pet
normally not learnt in during you college days or something no way. Nobody will tell
you how to design for drainage, yes you do check for water pressure and you know that
calculation that has to be a holistic plan in mind. How the water is going to come and
how it is going to go out you have to flow along with the water to get an exit, and a safe

exit I would say.

(Refer Slide Time: 30:16)
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STORM WATER DRAINS

11 No. Jhoras (Streams) are identified within the boundary among which 9
are crossing the runway strip

Local people are using the water from the Jhoras to meet their day lo day
water requirement

Due to heavy rainfall intensity Storm Water Drain design is one of the
important aspect of this project
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So, there were actually a total eleven Jhoras, but 9 where actually crossing the run way
strip and we cannot stop and completely divert them as well reason being that people
where using this Jhoras for their daily water requirements. The intensity was very strong

water design, | mean it will if you try to merge it the size will become unreasonable.



(Refer Slide Time: 30:45)
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SCOPE OF DRAINAGE SYSTEM

Since the runway strip is to be carved out plain / levelled ground from the sloping
hills of Dikling from Karthook to Pakyong bazaar, the drainage of the area is of
ulmost importance

To ensure thal maximum water is utilized by the habitants at downstream for their
basic need as there is no other source of water, the drainage system is
proposed in such a manner that no water will be retained by Airport interference.
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So, what we planned for that uphill people and downhill people should not get affected
with whatever we plan, and hence it has to be a more plastic plan given, the areas where

it was affecting the whole plan.

(Refer Slide Time: 31:05)
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STORM WATER DRAINS
Various Drainage Structures adopted
* Longitudinal Drains along the Runway strip

* Catch Water Drains on the graded area on hill

* Jhora (Step type Drains) Design

* Toe Drains along the foot steps of RE walls

* Box Culverts
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So, this drainage plan included longitudinal drains, catch water drains, Jhoras or the main

stream which were coming to drains and box culverts.
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CATCH DRAINS
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Let me show you, so again its provably hard to see the light, but these where the the blue
one what you are seeing are the Jhoras which were coming into the area and the what we
did is instead of nine we made it 4 you know merge couple of Jhoras together. So, we do
not have to make too many structure also for drainage plan and then we crossed at 1, 2, 3
and 4 location is this small dotted line. I think it difficult to see in light, but and then as

they got the out let, then we planned the complete detailed outlet structures as well.

Now, again as | said drainage plan is complete like how you will catch the water which
is coming from this area not only Jhoras, | am talking even the surface run off. How will
you arrest them, how will you guide them, how will you get in? So, all of these were
arrested through a stepped structure taken down merge with y, a longitudinal drain and

then at intermittent locations taken out from the other sides.
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LONGITUDINAL DRAINS ALONG THE RUNWAY
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Is it any clear here, same thing.

(Refer Slide Time: 32:39)

MACCAFERRI

TYPICAL 3-D VIEW OF JHORA
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So, just a schematic, it is to the scale, so actually it is not very cleared, but I will explain
it that these are the slopes and the green thing is we are assuming that after the coir
matrix, it will go green. These blue things are catch water drains, so anything flowing on
the slopes will get into this. It will get guided to these stepped Gabion structure, there are

number of catch water drains which will come and connect to this Gabion drop structure,



all this stepped here then it will get down and then there is a longitudinal drain. So, we

calling it catch pit where all the water comes and then enters into these box culverts.

(Refer Slide Time: 33:35)
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SECTION OF JUNCTION BETWEEN JHORAS AND BOX CULVERT
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Then goes across the air strip, further details of it again the sketch is bit tried, but sorry to

will come down in steps here gather in these, and come inside these box culverts and

cross for the air strip.

(Refer Slide Time: 33:52)
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Typical details of RCC culvert & Gabion drop structure exit

CULVERTE1
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This is how it will cross and since it was crossing the entire air stripped, and there is

complete wall at the other end. So, it has to cross the wall as well so again the details



how the culvert E will cross the wall this will create kind of a discontinuity. It adds to the
strength of the structure because any slip circle will also cut this box structures it adds,

but we had to be very careful that the things below by the time fully compacted it.

So, we do not expect much settlement and then we also design in such a way that even
for minor settlement; the concrete will take the strength. You know the strength will be
enough, so that it will take care and then as it comes out again proportionally non made,

but basically it will stepped down on Togabi on here and drain out.

(Refer Slide Time: 34:53)
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View of RCC box culvert exit & Gabion drop structure
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This is this structure in reality, so this box is coming out, it is getting dot here. This is
purely for energy deception because if it falls directly, it will erode the complete base of
the structure. So, this is an energy dissipation structure and then it will be taken into the
natural Jhoras. If Jhoras are very sound at the base and not getting eroded, then they are
left untouched, if Jhoras are also eroding, we had designed to put a matrix there, so it

will protect the erosion.



(Refer Slide Time: 35:33)
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So, this is another structure, earlier one picture you must have seen it just hanging there.
So, this was after we built the structure and again there was an underground structure to

take it cross the road and then drain it off.

(Refer Slide Time: 35:46)
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TACKLING SUBSURFACE DRAINAGE

Sikkim receives very high
annual rainfall.

Monthly precipitation for the
past 5 years is shown in table.
BEHIND THE WALLS AND
SLOPES ,CHIMNEY DRAINS
ATRE PROVIDED TO ENSURE
proper drainage path.

FIG:CHIMNEY DRAIN AT THE BACK OF
WALL-INSTALLATION STAGE
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So, very find details on the set, tackle the sub surface drainage which is also one of the
major part. We actually, behind the reinforcement build the complete chimney drain and
this is the chimney drain in progress where geotextile filter was rapped. In fact, lot of

small stone pieces which were coming during the excoriation, we selected those pieces,



and build a chimney drain and completely going down, and then perforated water pipe,

so connected to take it out.

(Refer Slide Time: 36:24)
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Now, these are the pictures on a different faces of the construction.

(Refer Slide Time: 36:34)
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Placing of Geotextile behind TMS Unit
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So, this is final beta ling how this geotextile is put behind.
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Installation of GTM Units { Green Facia )

- — e
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How the green terremesh in it, look just behind this aphasia, we do not compact too
much it just some basic compaction because if you over compacted to 95 or 98 percent,
the vegetation does not grow. A second thing is this vegetated soil, so there may be some
clay percentage in it behind around one and half feet or 2 feet. We mentioned that we
just use normal vegetated soil and anything behind that this structure fill again taken

from hills in drains relation.

(Refer Slide Time: 37:28)
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Now, this shows complete thing aphasia, the main reinforcement and can you see the
chimney drain at the back of it this chimney drain will intercept all the sub surface water,

take it down and take it out through a perforate pipe.

(Refer Slide Time: 37:48)
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Placing of Film material for Paralink
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So, this is that geogrib, a close look up Paralink and you know we can debate a good
practice, not good practice of this kind of stones in the field or in the filth, but this was
necessity. It could not have been dumped or could not have crushed all of the stones. The
only thing we told them that not put directly on Paralink, it should have been put after 6

inch fill is done, so dare that it does not affect the performance of Paralink.
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himney drains
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Again, you can see the chimney drain construction.

(Refer Slide Time: 38:33)

MACCAFERRI

Current Status of Project:

Works like ParaMesh construction, Laying of BioMac CC for cutting & filling slope
and drainage activities are in progress currently, after the hait for Monsoon 2012,

It is important to mention here that, these high ParaMesh structures successfully
withslood the calastrophic seismic event thal happened in Sikkim in September
2011, right after the monsoon period which enhances the criticality further.

While most of the other infrastructure failed in Sikkim, ParaMesh structures of this
project performed excellent owing to their flexible nature, though the seismic
event happened was theoretically more than the magnitude for which these
structures were designed.

Sikkim Airport Project is adjudicated as the winner of 'Golden Award’ from

‘Greentech Foundation’, a non-profit organization based in New Delhi. This award

will be presented to the end client of this project, i.e. AAl on 20th and 21st Oct. at
=_conference in Srinagar, India

- R also won “International Project of the Year Award” from GeoFrontiers
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So, coming to the last part the current status of the project, around 55 meter vertical
height maximum height is already built. We had to go 20 more meter fill it, so all the
construction has started from October first during rainy season. We do not work and
there is pretty good rainy season, in fact the work window in Sikkim, one of the
challenge provably I forgot or I did not mention. The work window was only 4 to 5

months in a year; it is a rain forest, it continuously rains.



So, the rains start somewhere in April and it goes right up to October, it is also different
season to start the work. So, you get practically good season is November December
January, Feb, March onwards spring shower starts, may be you can continue March a bit
and April onwards you have to completely stop. Now, post monsoon 2012, we have just
started working there and all the construction activities are this paramesh structure what
we called it actually withstood that 6.56. You know rector scale earthquake, which had
come last year, if you are all in touch with news in Sikkim, there was a good earthquake
in 2011, 6.5.

Actually, I have seen it practically that all the road structure there was completely broken
and this withstood that not a single distress point in the structure. So, that was highlight
and yes this airport project has won the golden award from Genentech foundation, a
nonprofit organization foundation in India. It has also won international project of the
year award from ground engineering, sorry | have mentioned geo frontier sit is actually
ground engineering award for project of the year. So, this is an international award, there
were approximately 7, 8 structures in the race and they still considered this as one of the
best structure in got the award for that.

The special feature which I want to highlight here is that we went ahead with a belief that
we can do it that was the game changer actually, because people are thinking it is simply
not possible | mean this is a steep slope hill. How will you build a structure which is so
high never done before? Just to let you, all know that the highest structure people know
in reinforced soil work is approximately 30 meter odd, 30 to 40 meter, probably that
range highest structure and this was almost double of that, so there was again this

dilemma whether we will be able to do that or not.

Second thing is when we propose that in order to cost optimize and take advantage of
local soil. These 2 meters spacing, when we propose people were faring that the codes do
not allow, by the way 2 meter spacing the codes allow only 0.8 meter spacing. Then, we
came up with this idea of you know putting secondary reinforcement, and then putting
main reinforcement behind which may have a higher. The whole idea of that 0.8 meter
reinforcement started because the fascia will not be stable. So, we made fascia stable by
using introducing secondary reinforcement, and then we made the whole structure stable

using a primary high strength with a 2 meters spacing of the geo grid.



The federal highway people, Professor Dauletinsky and Jim Collins, all those people
visited actually because they now want to relook their codes why that 0.8 meter cannot
be amended to higher value. So, they want to see the performance of the structure and in
fact, they have taken up one work in Delaware or somewhere, where it will be monitored
and seen that whether a high spacing can also work. So, it is belief in engineering which
actually converted into project of this size. So, with that I will conclude if any questions |

will be more than happy to answer, thank you. I saw the five minutes blinking.
Student: So, sir what was the experience about homogeneity of the material.

Actually, very good question, when actually, probably not very clear in the picture, but
when we cut the whole hills, you know it was more like a collage. Those soil properties
were varying every probably 4, 5 meter vertically as well as horizontally. In fact still
remember, we were taking it as a joke when we got the geo technical report, | will not
name the agency because just to keep the confidentiality of the firm. In geotech report,
they had mentioned in the Bohr lock description that soil is something like this, that it is
yellowish brown to black with reddish tint and you know the wording was such that you

put any soil.

It will match that wording where it was giving all the colors in one sentence and varying
and everything. So, it was black, it was yellow, it was brown, it was red, everything we
be started laughing when we saw the report and obviously it should not be the practice
for any geo tech report, but when we actually cut the ground, you will get all this
variation. It is not true for one spot description, but it was true that there were yellowish
soils, there were reddish soil, there were blackish soil, and there were brownish soil. We
were bit worried on the blackish soil, whether it contains organic material or something.
So, when | went to the field, I actually smelled and saw that now it was still good soil.

The good part is all the soils, so much of variation in color and probably mineralogy, but
we got very consistent result on cohesion and friction angle very surprising to our slight
variation here and there. It was all with plasticity index lower than what we had
prescribed was 15 percent; we want to take advantage of this kind of soil, so we design.
We did go with not average property fluid did go with conservative mode that is lowest
expected property. So, we design the structure with 28, but practically 28 degree, but
practically we are consistently getting above 30 friction angle, so any other question.



It was another unfortunate part of typical government projects, since it was not planned,
they had no budget for monitoring part and we had been chasing the main consultant
which is Mot Macdonell. We submitted a complete detailed plan on monitoring, but
somehow it did not go throughway. They are monitoring today is just a crude method of
taking a level and you know marking a spot and seeing whether settlements are there or
not.

Unfortunately, no instrumentation was done in spite of giving a complete detailed plan
on that, but there are settlements and within expected range. We are achieving
consistently 95 percent plus, in fact you know some of the field mistakes like we are
somewhere achieving even 100 plus in the sense because the bench mark remains one
particular soil. As you have other soils more dense soil coming or heavy soil coming it
was going, now the monitoring part is very consistent and people are working very
seriously on that. In fact, if we have just | will draw one thing, just to highlight a point,
so this is right when you have this.

(Refer Slide Time: 48:01)

You know cut like that and then you want to build you cut, sorry this was typical profile
I am just trying to prove a point. This was the original ground and then when you cut it
and fill it this becomes profile, what happens is look at this point this was subjected to
this much of load soil load. It is being taken off right this material here down in the

foundation, this was not subjected to any load and it will get the maximum height of



load. So, this is where you know the monitoring is necessary that you have this kind of

situation then obviously your settlement will be lowest here or lowest right.

In fact, you may expect some heaving here because you have cut it down entire portion,
so there will be some heaving and here where nothing was there no preloading was there.
You have maximum height of structure right there, you will have maximum settlement.
So, there is always this possibility of this overturning due to settlement and that is why
that batter or the stepped structure is almost must, otherwise this complete turning. This
is not because of soil pressure anything, this is just because of differential settlement here

the settlement would be different here; it would be different in that moment.

Second thing you know, imagine the water line initially usually it follows ground profile
a bit, it will be something like that and it will come out here right this is sub surface.
Now, when you cut it and alter the whole geometry, what will happen is this will start
going like imagine if this | am using same point just for explanation. If this was length
initially with the same head of water, your hydraulic gradient earlier was H by L, when
you cut the surface. | am taking same level, now at this point of your hydraulic gradient
will be if thisisL 2 itis H by L 2.

Now, L 2 being very small, you have sudden increase in hydraulic pressure at this point
why the tow valve was necessary and why it has to be, I am just giving bit details that
you have sudden increase in hydraulic gradient. This point most all time, if you have
seen any cut in any hills the initiation point is here and the reason is this right sudden
increase in hydraulic gradient. You will have lot of exit gradient pressure, here the soil
particle will migrate, and there will be a collapse like this, then second, third and the

whole hill will collapse.

These points necessity, that there has to be a god heavy gabion tow with a geo textile
filter at the back and at the bottom so that any soil particle migration because of high sea
pressure will not be there and right in front of gabion wall. We put a drainage structure
and took the water out, so again importance of drainage in this kind of structure all right
anything else. I think my time is over, so | will conclude.



