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So, what I do is, now | talk about soil nail wall. This is another elegant technique that the
that is because of the principle of reinforced soil that came up and the principle is quite
simple. What we do here is that in the case of reinforced earth wall, you construct from
bottom right you just take a, you clear the ground and then you put some this thing and
put the facing first then put the back fill then put the reinforcement. Like that you know
you have a sequential construction it go from bottom to top.

Here that is you are constructing a wall. Here also you can construct a walls, but, for an
excavation say for example, excavation what you do is that you come from top.

(Refer Slide Time: 01:11)

Definition

= SO 1 a-lmq (.Oﬂ‘:lﬁtS of the passive
¢ Cer NL OF EX150NG Arou
Y | L U CI0s V el s
bars (1.e., nails), wr'uch rnay bf’
subsequently encased in grout.
As con"rruruon proceeds from the
im, shotcrete or
CUﬂLthL is also applied on the
excavation face to provide
continuity.
In a soil-nailed retaining wall, the
properties and material behaviour
f three compo t

: ».uqruﬁcdr]t\y
fiec t the per formance of the

The soil nailing consist of passive reinforcement of existing ground by installing closely
spaced steel bars which may be subsequently encased in grout. What we do is that, we
sequentially you know make a cut make some little bit of excavation, put a nail you

know. It can be a nail means reinforcement bar and it has some, what you call the passive



inclusions in the sense you know the grout is there all round and this is another one. Like
that it sequentially do that. So, the construction proceeds from top to bottom and we put
either a just a shotcrete or a shotcrete is applied to provide stability. The soil nailing
retained wall, the properties of these materials, native soil you know like what soils can
be used for nailing is another important thing because soil is there and you need to

strengthen it.

It is in the r u wall you you get a back fill and then reinforce it here you have to deal with
the existing system. So, native soil is there you have to, reinforcement is there and facing
element the three things that are important and the way the three things interact you
know, like nailing, facing and the native soil. the that That effects the performance of the

structure.
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Origin and Development
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So, if you want to get the maximum benefit out of this; yes you should understand three
of them. | want to tell how the technique came. Actually you know this technique came
from in construction of tunnels. Actually when you construct a tunnel what happens?
You make a small opening and then there will be earth you know because of the opening
there is a tendency for collapse and the failure zone is like this. you know failure zone is
like this.



So, you try to design by means of arching action to retain this much amount of soil you
try to provide some reinforced concrete lining. That is a principle where you know like
sigma r equal to zero the Rieger stress line and all that you do this some traditional
method that is what people do.

Ah That is what that they were doing, but, you know in some in Austrian method you
know it is called new Austrian tunneling method what they did was that you know many
of the workers, you know the thing is that you put some nailing you know short nails so,
that it is stable then put some simple cover. So, what is happening is that, you did not
allow this much of material to the, you know, acting or you know you have not designed
for this much of pressure. You only designed for this much of pressure because this is

actually yeah this is the, that pressure and all that.

So, the advantage is that you are immediately able to you know you did not allow the
failure planes to develop the moment you excavated here you just put some nails such
that all that vertical forces that are coming they are able to interact between the because
of the interaction between the soil and the this thing nail; the load that is coming like this

was much less and you can have a thin thin facing. Is it not? That is very interesting.

(Refer Slide Time: 04:43)

Orw of the fsrst applice 'ltIOFI"-s of %oﬂ rHJ!mq was in 1972
‘ ar Ve ere
was siahlh ed using soll
C Imhm rch
‘ other step
| nail wall was in 1975
major research program on
flum It!(%
and the
rar |IL udehus 1981

fnsl FHWA d@ ument on soil nailing was issued
through l HWA's Office of Research and Development
(Elias and Juran 1991). Updated version of dbDVt‘ HWA
soll nallmq manua\ was made public in 2003 (Carlos et a
2003)
n India use of soil nailing technology is gradually
.. irsreasing and guidelines have been made by IRC with the
wrroelp of Indian Institute of Science, Bangalore




And in fact, first nailing application was in 1972 for the road railway road project in
France. Eighteen meters is the high wall you know you can see its eighteen meters is
very big and it was.

Then in France you know they started a big research program it is called Clouterre. Terre
means soil in French and cloud means nail. So, soil nail is what is called. So, they started
a big research program in in the in 90 and 80 they worked about very long time say for
example, about ten years and come out with lot of guide lines. That is in the case of
Germany. And in the case of you know the France and in the case of Germany they also
did in 1975, one soil nail wall and lot of research work was done again in the University
of Karlsruhe and other places. And there are some companies that are doing even now
very well actually German soil nailing you have to see, it is excellent.

And in US you have federal highway document in soil nailing and it was again you know
Juan and all there are persons who came from France and then they helped them and you
have an updated version now you know. So, federal highway is also very active and even
in India we have been able to develop guidelines based on the some of the above and
Indian roads congress is has made it available. In fact, we prepared | prepared actually
and we did that.
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So, what is this favorable conditions and unfavorable conditions for nailing? Actually
you know the thing is that you excavate, but, if it collapses it is a problem. So, you do
not want it to collapse right so, but, then you have to put the nailing also. So, if you can
if the soil can stand on its own for about half a meter or one meter before the nailing is
nail is put then its fine. So, you can do that sequentially. That is what we try to.

So, critical depth is about one to two meters and if it is there its fine. Second thing is all
soil nails within a cross section are located above the ground water table. That is one
thing that one should be very careful. And. So, favorable soils are that stiff to hard and
fine-grained soils dense to linearly with some cohesion and all that and unfavorable soils
like a poor graded soils like you know, it can which can start collapsing like that or even
were water table and very you know gravelly material where its not even possible to you
know, The thing is you are trying to provide a grouted soil nail you know. The thing is
that you make a bore and then put a grout and put reinforcement and if you cannot make

that in the gravelly deposit then it is difficult, organic soils all that.
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What are the advantages? It is so effective that it can be used you know with some space
availability is quite less, construction is less disruptive to traffic, causes less
environmental impact, relatively fast in construction uses a typically less construction
materials and hence economical then occurrence of utilities may place restrictions on the

location, inclination, length of the nails.



What happens in most of the cases? Suppose you were doing nailing in town you know
important you know urban area you have pipes, service lines you know electrical cables,
water supply lines and all that. So, that may put a limitation on the length of the nails in
the upper areas you know. Then you know when water table is there again it possess a
problem. Then it also needs specialized construction people you know. You need to have
experience otherwise it is very difficult you know. The thing is the moment it collapses

see you wanted it to be stable, but, if it collapses what is the use?
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Components of Soil Nail Wall

So, it looks like this you know you have a reinforcement rod then you have the grout also
here all round. Then you can even have you know, there are some materials which is
called all grout. Centralizes is just to keep that in position you know, the thing is that
there is a small centralize centralizers to see that whole thing is in position and then you
have a geo composite drain that can be used for drainage purposes. And then this is the
thickness of the temporary facing is about say for example, 75 mm or something that one
can have. And then this is the permanent facing. there are All this things are done and
what we do is that we can just after putting the nail and it can be covered like this that is

what it. So, it becomes like a permanent wall.
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Construction Method

STEP 1. EXCAVATE SMALL CUT

DTERS INSTALL AND GROUT NAIL
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So, as | just mentioned what are the steps. Go to some depth then drill this equipment
with some, it is called wagon driller and then put this nail bar and grout and then this
one. Then shotcrete temporary shotcreteing and go to the next level placement of

temporary facing all that next level.
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Construction Method

Then, one, two, three, you can keep on going. Then put this that is it that is way we do it.

So, these are all some applications of slopes.
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Applications

You can see here you know big retaining wall structure then because of the bridge

embankment you can see all round apartments here, but it was nailing is possible.
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Applications

In fact, | owe | did couple of projects on these lines. This is our own an under pass 11SC
under pass where you know, these are all nailed walls on either side. And the beauty was
that if you have gone for a regular retaining wall; all the trees that were there here you
know 16 trees you have to cut them. But, then because of the nailing we you know it was

there intact.



It is another structure that we designed for the ministry of defense you know, about
seven meters high wall shotcreting and nailing was done and it was a very successful
project which was finished in you know whole structure was finished in a very fast time.
It was very good. So, it received lot of appreciation and awards as well.
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So, the soil nailing technique has been you know well studied. In fact, so, much so, that
you know you have you can classify them in field studies and there was. So, much work
by different people here.
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And people have started lot of analysis; like analysis and design was well established

well studied and Schloseer many people have studied Juan and in fact, there many people

have done lot of analysis Jewell and Pedley. There were very good work was done there

are many more.
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And soil nail interaction was also done like you know; how the soil interaction nail is

there you know, how does it respond, you know. Pullout behavior you know, as | said

pullout in as also very important, very important actually.
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Then studies on numerical analysis and modeling and you know. In fact, there are so
many papers. In fact, in some of the papers we studied you know the effect of
construction influences there are some studies we did in this particular publication. All
are very well thoroughly studied papers are there and again some more work and case
studies we have and reliability analysis is also done.
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Soil Nailing International Codes and
Standards

BS BOOG: 1995 )2: 1994, BS BOB1: 1989

Eurocade - EC/
Luronorme — priN 14190 (execution of special geotechnical works - soi
nailing)
France — Recommendations Clouterre (1991)
USA — FHWA manual for design & construction monitc - of soil
nail walls (1998 and 2003)
candinavia - Nordic handbook (2002)
t1ong Kong — Watkins & | 1 (1992) and many GEQ
rejdong Kong - GEOGUIDE (2008)

So, you also have lot of codes BS 8006 here are. So, many codes available on these lines.
Federal highway code and all that.
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Conventional analysis and design Method

= Federal Highway Administration (FHWA) has documented
comprehensive information on the analysis, design, and
construction of soil nail walls in highway engineering
applications in its technical manual FHWA (2003) entitled

*Geotechnical Engineering Circular No. 7 — Soil Nail W:

FHWA. (2003) technical engineering circular No, 7 - soil 1 peme ills.
Report FHY i " U. 5. Department of Transportation’, ;  aral
Highway Administration, Washington D, (




And I will just describe what is presented in the federal Highway Code you know so that

you can understand how you can go about design that is what | would like to see.
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Principal failure modes of soil nail walls

So, if you want to design a soil nail wall; we should understand what are the failure
modes? First thing as we know it is all external failure modes we have to look for global
stability we should, sliding stability then bearing pressure similar to any of the retaining
walls or r u walls or anything then internal failure modes. It can pullout pullout nail can
come out or it tensile capacity can be poor that is too are possible. Then the facing failure
is also possible like you know the, it can bend then it can punch all that is possible like

we will see some of them.
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So, global stability what it means? Say for example, we studied you know the if this is a
failure software’s and this is a surcharge here and you can you know you assuming that
this is a failure surface one can derive an equation for equilibrium in terms of factor of
safety global right. If you know the length ¢ and then L F is the length of that and
reinforcement force required and all that, one can gave get that

And based on this one can derive that and then the tensile force is distributed among all
this reinforcement members, the horizontal components and the allowable tensile force is
the two resistances here, resistance in terms of the tension pullout and the resistance in

terms of the pullout is nothing, but, you know pullout is nothing it is a surface area right.

If you are putting a circular thing pi D L pi D L p into g u. q u is the bond stress divided
by 1000 whatever it is just that. Then it is a tensile force resistance tensile force is
nothing, but, its pi D square by 4 right into F y you know. So, that is the total R T you
know tensile force.

And the other important thing is that, this is what the we assume you know particularly
the code assumes some sort of the distribution of forces on the nail like it varies from T
naught to like this and you know it comes to this the length L p is here and so, we try to
classify in terms of the R p is one term that is called facing capacity.



Then R F is a nail capacity and nail pullout capacity. There are three terms that we have
and so, this is one important variable and minimum factors of safety for global you know
temporary walls if it is static its 1.35. You include earth quake force into consideration
and then you do that it is 1.1, permanent walls factor of safety this is 1.35. Of course,
there is no difference.
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Then what is sliding stability? Like what the horizontal component of the this you know
the forces and then this sliding force. It is a the sum of the ratio of resistances to driving
forces one can derive a simple equilibrium equation and you know say for example, you
say here p equal to gamma H square by 2 into like we that already p into gamma H
square one minus k v if you have surcharge it comes like this. And this in terms of the
earth quake force and Kk is a if it is a inclination right, because it is a somewhat sloping.
So, you have this factor of safety again you know 1.3 1.1 something like that right.
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Nail Soil Pullout Failure
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We are discussing these failure mechanisms of nail walls as | just mentioned, external
stability is an issue and apart from external stability we need to address some of the
internal failure mechanisms. Say for example, soil nail soil pullout failure means if the
length of the nail you know say for example, this is the active zone and we call it this is a
passive zone. And if the length is not adequate here then the possibility is that the nail
can come out easily. We do not want to have such problems

So, what we do is that we try to have adequate pullout resistance which is given by this
like R p you know, which is nothing, but, the bond stress and the length of the length of
pullout at a depth z and divided by the maximum tensile capacity at that particular layer.
So, this is what we do and we see that, we know that at the T max certainly depth can be
calculated in terms of the k into surge Q s plus gamma z into s H into s v. This is very
clear and Q u is nothing, but, pi D q into the drill hole diameter diameter say for
example, the grout hole diameter is say 100 mm or 75 mm.

We have actually drill bits which you can you know drill that and then put the nail. I just
showed you the diagram in which you make a drill hole and put that grout and also this
say equalizers are there. The equalizer, nail and then both will be, they will hold both of
them together and then there they they just see that nail you know it should be at the
centre right. To keep the nail in the centre that centralized centralizers are used. So, this

is what we do and the length is nothing, but. So, once you know this one can get this L p



is nothing, but, if this is an expression because we use this failure mechanisms like this
we assume and once you get this, the factor of safety has to be in temporary walls static
and dynamic its two and permanent wall it is two whatever minimum minimum factor of

safety recommended.
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Then the other one that one can expect is tensile failure like the factor. Say for example,
the resistance, tensile resistance available and then the tensile force mobilized. So, it
should be always more than one whereas, R T is nothing, but, the area of cross section of
that and this is the simple right. So, once you know that, the again you know you have to
see that the factors of safety of at least one point or maintained in static conditions and

whether it is permanent or temporary or whatever you know.
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So, one should see that tensile failure and the breakage should not occur. Then the other
one is that the what you call the flexural modes you know the facing failure modes right.
Failure modes are nothing, but, this you know this sort of plastic movement formations
you know, if it is too thin it is possibility to have and even this sort of punching
mechanism can occur you know. That is one possibility in the case of facing failures you

know.

Soil nail walls should be stable in external conditions, internal stability considerations as
well as facing considerations, facing stability. These two are facing stability and so, you
have to see that the factors of safety are ensured and this factor of safety against facing
failure is given by R F F divided by T naught we will see that. And here the, this is
another one is given by this expressions. We will see that what is the tensile force. That
comes on to this that what we have to see we will see that.
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INITIAL CONSIDERATIONS

Vertical height of wall: H= 7 m

Face batter: a = 0.0 degrees; Backslope angle: B =0.0
degrees

Nailing type: Driven

Soil nail spacing: §,,=§,=05m

Soil nail inchnation: | = 25 degrees
Soil naill material: Grade Fe 415 f,r =415 MPa

I just want to illustrate this with reference to some example here, seven meter high wall.
In fact, | have lot of examples on this in which we did even ten meters, twelve metes
fifteen meters and all that and this is a simple example. And | want to tell you that there
are two types of nails that we use in Bangalore or in India; one is called a driven nail in
which the nailing is done using a jack hammer. It just, put it to the jack hammer and then
you know drive nailing you will only it is just a reinforcement rod it just gets into the soil
where as a grouted nail is you have a driven nail that is there and also the grout is there

on surround it.

The difference is that the in the case of a driven nail it is very easy to do because you
know cost and simple operations that is what many people do in Bangalore and whereas,
grouted nail is much more you know rigorous and you know it needs some what little

expensive then the driven nail.

And in this case | am just using a driven nail and the spacing is horizontal to vertical
spacing is 0.5. In fact, our soil nail wall in 1ISC campus is made out of this, driven nails
and spacing is like this. Then, the inclination sometimes people were using it can be
twenty five degrees is the actual one because that is what is an optimum degree, but, in
some places in what we use is just horizontal because it is easy to drive a nail

horizontally. Then the soil nail material is grade F E 4 14 and this is what it is.
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Soil properties
Soll type: Dense to very dense sands,

Cohesion: ¢ = 0 kPa:

Friction angle.¢p=28°

Unit weight: y=17kN/m?

Ultimate bond strength (from field pullout test)

Surcharge: g. = 0.0 kPa

Now, in fact so, soil type is dense to very dense sand and cohesion is zero and friction
angle is like this unit weight is this one and ultimate bond strength. Actually, in one of
the locations in fact, | conducted a very field pullout test which is very low value that |
got and | am just trying to use it for demonstration purpose. Actually that it is in
Ahmadabad area where it is just that very it can easily one can pullout the nail you know.
The soil is so, poor and the diameter is 20 mm. So, | used and then the bond stress is
nothing, but, Q divided by pi into this. So, you get 47.75, surcharge is not there.
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Determine maximum axial force T,

Maximum axial tensile force T, ., developed is
given by




And the maximum force is given in terms of the k a into this particular factors. this is
the. So, you can see that it is 10.71 kilo Newtons is the force required for this spacing

right at a maximum spacing maximum depth of the, you know it is a small number.
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Factor of safety of against nail tensile failure
FS; = 1.80,
The required cross-sectional area A, of the nail

bar can be determined as:

Select reinforcement bar of diameter d = 20 mm

co fiding cross sectional area A, = 314 mm? (>

4645 mm?).

Now, the factor of safety for nailing tensile failure is 1.8 is what the code says. So, the
required area of cross section is 46.45 you know. You can calculate what is the area of
cross section that you need to provide using these simple expressions with factor of
safety and 415 grade and all that. And normally you choose a 20 mm because it is easy to
drive you know | can choose a smaller one, but, | cannot see 16 mm is also possible. So,
you just provide this and you know the area of cross section is much higher than this
very much higher one can. In fact, 16 mm also can be done you know, but, 12 mm is
very difficult to drive you know, it is it can bend it. So, if it is very you cannot bend it
you cannot drive it you know it is there is, people have to hold in with some sort of

arrangement.
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Minimum length of soil nail L is adopted as the
maximum of L, and L.

Here: q,=47.75 kPa; d =20 mm; T, = 0.38 kN

L,=06x7=420m
Hence, adopt nail length: L = 4.20 m

sSummary: Adopt driven soil nails of 20 mm
wrsliameter and 4.20 m length

So, minimum length of the soil nail is adapted as an L 1 and L 1 2. There are two
considerations here and. So, if you just use that and you know at the top and 0.38 kilo
Newtons and length in that you should provide it is about 4.2 and. So, the 4. 2 meters
will be the length of the nail you know it is a 7 meter high remember that. So, 0.6 is a
one that you are using and this is a normal thing that we provide actually. You assume
that if 10 meters is a height 0.7 times into height. So, 07 meters it is 7 meters here. So,
0.7 into 0.6 actually 0.6 is also used 0.6 into7.

So, there are some variations is there reference to this length you know people are very
like you know if you are using you know stiffer material like soil nailing it can even go
for 0.6 Geordies 0.7. So, there are some guidelines available, but, you know in this case
itis 0.6 into 7 is used and so, the length of the nails and this is adopting a driven nails of
20 mm and all that this work fine.
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Determination of equivalent nail force T,

Now, the resistance against pullout is what you calculate and L p you calculate and at
any point and this is another thing R T resistance due to tension is what you have
provided 130 because it is another force that you 131 kilo Newtons is there in each you

know, 20 mm rod that is what it means.
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Allowable axial force carrying capacity T, [kN] of nail
embedded at depth z is the minimum of R, and R;.
For S, = 0.5 m, equivalent nail force T, can be

determined as:

Here: n = 14 and is obtained from Table 1.

Now, the allowable tensile force carrying capacity of all of the nail embedded at a depth
z is the minimum of R p and R T and for s is equal to 0.5 spacing the equivalent you
know calculate the depending on the spacing you know what is that equivalent force. So,



since we are providing for 7 meters 0.5 spacing fourteen length of the nails is 14 right
and at any section.
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And. So, this is a location you know you start with 0.25, 0.75 like that. Depth you can
see 0.25 0.75 1.25 6.75 like that. And the effective pullout length also one can calculate.
It is you know, at the top it is very less you know because failure wedge is just projecting
and nail pullout capacity is quite low. Nail tensile capacity is very high and the allowable

axial say this is a 2.11, it comes here tensile the pullout capacities right.

So, like that, one can get all this the tensile capacity is same here because 130 and this is
the pullout capacity as a function of the depth it changes because it is then you have this
number and then you sum up all of these numbers see summation of all this 100.27. So,
what we do is that, I think I will show you the previous one.
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Weight of failure wedge can be determined as:

Global stability safety factor FS,, under static

conditions is given by

So, this is what we have done. | mean it is double of that actually there is no problem.
Now, the weight of the failure wedge is 0.5 into gamma H square cot psi. All these
numbers are given. Global stability factor you have an expression here. So, use all of that
equivalent tensile force and all that variables, you get a global factors of safety of 1.37
which is okay.
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Factor of safety for sliding stability of soil nail wall
FS. in static condition is given by:

For static case total active lateral earth pressure
P, can be determined as:

W [kN/m] = Unit weight x Area of sliding wedge =17 x
(7 x4.2)=4998

{2 {kN/m] = Surcharge load x Length AD = q. x B, =
Nx42=0




Then the sliding stability that one can get is, something again there is a expression is
there wherein and then you know active at pressure half comma H square weight and all
that you have.
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For any particular nail embedded at depth z, factor
st pullout failure FS,, can be

obtained as

And the sliding factor of safety is 1.77 that all that then the soil pullout nail pullout
failure at any depth you have to see that and this is the expression for factor of safety and
T N is nothing, but, this expression we have that, k a into the time 10.33 with factor

safety it say for example, at 0.75 meters depth level is then given by this expression 1.1.
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Factor of safety against nail tensile strength failure
FS, for any nail embedded at depth z can be

obtained as:




You know it is the top most point you can see that. yeah Actually it is less less then the it
is a lower actually less than the one point three specified actually is close to one. | mean

it is there is one thing we will see later.

Soil nail tensile strength failure you know the factor of safety against tensile strength is
again to be calculated. This is that resistance available because of the area of cross
section divided by tensile force mobilized. This 130 is the capacity of the nail and then at
each level say for example, at 6.71 meter what is the tensile force developed? 10.3. 130
is available and 10.33 is what is required. So, factor of safety is about 13, 12.59 like that.
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Like that one can calculate and then you know the tabulate all these results and depth and
all that. Only this two are little higher and these are all very high you know tensile
capacity it is very, you know there is no problem because you saw that what is required
is just 10.10 or something. What is required is what is provided is 131or something.

So, except here, you know at the top layers you know there is factor of safety is little less
for the pullout. Somewhat it is, little pullout is somewnhat lesser here because of that load
that you have added there. You know what is the load 300 kg’s are very low load you
know which is something will be unusual, but, you can see that if it is little higher you

know if you just make I just show you that.
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Calculate design nail head tensile force at
the face T
ForT. ..=1071kN;:and S__ . =05 m, nail head

tensile force at the wall face T, can be obtained

as

Adopt wall facing thickness
Temporary facing thickness h: 50 mm

So, that is one important variable we will see then what about a shotcrete temporary
facing design and checks calculative design in nail at tensile force at facing T naught?
Actually T max at that point is 10.71 and maximum spacing is point s max is 0.5 So,
there is an expression for the tensile force at the nail head it is nothing, but, this
expression 0.6 into this simple expression is here. So, 5.35 is a load that the facing
should take care. See some force gets transfer to the facing this is the force that it can it
has to take care. So, you have an adopter wall facing off from about 50 mm.
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: Adopt appropriate facing materials
Steel reinforcement: Grade Fe 415 with
characteristic strength: f, = 415 MPa
Concrete/shotcrete: Grade M20 with

characteristic compressive strength: f., = 20
MPa

Welded wire mesh (temporary facing): ' g 1M
102 x 102-MW19 x MW19 '




And you know f y grade and m concrete and all that FCKwire, wire mesh you know the
thing is that we put a wire mesh. See the thing is shotcreting first thing is the nails are
there nails are there, weld mesh is there which is say for example, one naught two into
one naught 2 into 19 mm thickness you know some gauge wire mesh. So, there if you
weld it and then shotcreting is done. So, that is what we do in our all structures and many
places it is done like that.
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Horizontal and vertical waler bars (temporary

facing): 2 x 10 mm diameter, (f, =415 MPa, A,,,

= A, =2 x 78 = 156 mm’) in both directions.

Bearing plate (temporary facing): Grade 250 (f

=250 MPa); Shape: Square; Length: L, = 225

mm; Thickness: t, = 25 mm

So, once you have that, this is also another horizontal you know, the bars you know
horizontal walker bars temporary facing again we provide like you saw in some places
where are beams being provided.
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Checks for facing reinforcement
Determine the minimum and the maximum
reinforcement ratios as:

« In addition the ratio of the reinforcement in the
nail head and mid-span zones shoul e = less
than 2.5 to ensure comparable ratio (- exural

-~ capacities in theses areas.

And bearing plate is another one that we provide. So, what we do is that checks for
facing reinforcement; the minimum steel reinforcement is provided it is in terms of 20
into square root of f ¢ k into fy 0.21. So, this is another one that we provide like in terms
of the. So, maximum value it is minimum and in maximum. It is say the reinforcement

ratio it is 1.42 it varies from 1.42 to 0.21 again. So, these are the two expressions.

In addition the ratio of the reinforcement in the nail head and the mid span should be less
than 2.5. That ratio between the nail head and a mid span zone should be compatible
ratio of the flexible capacities in these areas.
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Verify facing flexural resistance R

Calculate facing flexural resistance R, as:

= Safety factor against facing flexural faib - FS_,
Is given by

So, that also, show verify the facing flexural stiffness R F F. We just calculate the facing
flexural stiffness is another expression that you have in the federal code. These are all
little empirical, but, at the same time you know, they are all based on the, you know ah.
So, R F F you have the due to flexural facing you know resistance is what you are trying
to calculate safety factor again is nothing, but, F S. F F is nothing, but, this is a four

seventy four divided by the 5.35 is how you got was that we will go to the previous step.

The force that we have yeah 5.35 is a force that you got from this expression right. This
is actually as I said if you connect the nail to the facing weld weld mesh is also is there.
So, this material should be designed because all the, some force gets transferred here
because of the connection. So, how much of that force is what is this? You know this is
an equation that you know I just mentioned about a triangular the distribution of the
tensile force and all that this is what you get.

And the force that you know that can be used here, say 574 is a force that you based on
the spacing and R F F you know there is an expression here that you have to use and you
will get this and based on that the factor of safety against flexural failure is like this.
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Verify facing punching shear resistance R

Facing punching shear capacity R Is given by:

Here: f., = 20 MPa;

h.=h=0.05m;
Dec=Lapr th=225+50=275mm=0275m

Then punching failure is again there is an expression, simple expression for punching
which they have done based on mechanics conservations and here also again same thing
you will get 11.91. So, the flexural stability of temporary facing is all right because the
factors of safety are quite high and you are essentially using these two expressions here;
one is this one and the previous one another thing | showed.
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So, the way that it looks like is that as | said, the facing flexural stabilities are quite good
temporary facing and they menu nail bar tensile strength you know, the reinforcement it



is very good right. It is an excellent thing there is no problem. And global stability see
the thing is global stability is one point three seven is closed. One point three and sliding
is also all right and the factor of safety against pullout you know, if you put a driven nails
it is one point one eight right we saw that.

Because | took some 300, but, then the factor of safety increases to 3 if grouted nails
with 30 kilo Newton per month at one meter spacing | used. Like I did work out revise
all these calculations just for only that because the pullout resistance is low there the best

way is to use the grouted nail.

You know as | just mentioned assuming that I have you know 30 kilonewton per meter
length of the nail you know it is just an if what is the length of the nail here it is 4.2
meters if | just. So, 4.2 into 30, is the total pullout load like you know, if | just do a
pullout test in the field like pullout that nail 1 will get the maximum load that I am
expecting is 30 into 4. So, 4.2 right. So, about 124 or whatever right. 30 into yeah 30 into
4 is 120 plus close to the point. So, it is fine.

So, suppose | get the pullout load more than this I am very. So, | do a field pullout test
which we have equipment and it gives | get a load of say 100 kilo Newtons I will be very
happy why because it is more than say for example, 200 kilo Newtons | get total load.
So, 200 kilo Newton divided by length is 200 divided by 4.2 which is quite higher than
what | used. So, it is fine. So, what | want to say is that the factors of safety can be
increased wherein | mean like you know you need to design on this lines. So, that way
this design has a global stability issues are satisfied, pullout resistance is satisfied, tensile

capacity there is no problem at all and then the facing stability is ensured.
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So, what is that you have to provide? So, thickness of the shotcrete is about fifty mm and
then m twenty grade of concrete and weld wire, welded wire mesh and steel grade F F
415, this grid size you know thirteen this is a small thing and the other reinforcement
walker beams one can provide and bearing plate this is another thing that one can
provide you know that what | showed you in the beginning.

And once you provide this that is fine you know. So, it is like what we do is that. That
constitutes a soil nailing design and what | want to illustrate to you to you is that you
know the there are so many you know the you know features in the soil nailing technique
that you have to sequentially do the things right. See this is a simple design which is a
conventional method.
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(a) Construction stage 1 (b) Construction stage 2 | (c) Construction stage 3
N g €S  FS¢  Yumax (mm)
388 3148

J%' 450

234 7.06
200 1291

[ B

(d__nslruction stage 4 | (e) Construction stage § » 1.79 2183

Typical Example of Soil Nail Wall Simulation

NPTEL

But the best way is to like as | said, the effect of this nailing can be obtained, understood
better in terms of finite element analysis. So, what | did was that we did a sort of finite
element analysis like typical example what we do is that excavations like | told you
know in the beginning like excavations e one, excavation e two there are the different

stages you know, e 1 e 2 e 3 e 4 like that you know you just remove that.

So, what we try to do in this is that you try to simulate using you know you can use flack
or plastics or something and design this nail you know. What you do? Excavate a bit like
say for example, you are putting half and your spacing is 0.5 meters right. So, space half
a meter excavate then simulate that. What happens? There will be some plastic
deformation zone stabilize and you can still find out. So, after that put a nail and then
check what is the tensile force mobilized allow it to equilibrium and all that one can do a
simulations all that. So, you can do sequentially and excavation stages you know e 4 e 5

are all the excavation stages and complete this nailing.

So, in this case you can see that, you know the factor of safety is global factor of safety
we are looking at it. The, you know, the construction stage one two three four five right.
So, the factor of safety is very high you know this is a small cut you have made you
know it is not like say if it is five meters you know is assumed that five meter just one
meter is removed the factor of safety is still one high deformation is small. Then, you
know go to the next stage and the factor safety comes down.



So, finally, the at final stages you know, you have what is called strength reduction
technique in plastics or even flack you will get this number factor of safety and also
deformations also one can calculate and see you as you go down the deformations also
increase right. So, this is an interesting example of how you can get because in
conventional thing you do not have any information about deformation right. If you want
to get deformation information and you know the thing is that the, you are assuming a
failure mechanism there right you are assuming what type of failure mechanism? We
assume a wedge there it can be a logarithmic spiral it can be a circle.

So, what we want to do is that here in this finite element analysis and numerical analysis
you allow the failure mechanism to develop on its own and form forms the failure
surface. So, that is much easier and much more better than assuming a failure surface and
then doing the design. Of course, both are correct, but, then the advantage is that you will
get some information about deformations the influence of construction sequence at every

stage of excavation and all that.
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15 noded triangular elements
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Tan et al (2005)

So, this is what an example here is. So, fifteen nodded some sort of examples we have
taken and you know the effect which is a fifteen nodded triangular element and Mohr-
coulomb model is used and soil soil is a Mohr coulomb model and there is some criteria

for the simulation of nails as well all that we have used.
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Influence of mesh density on finite element simulation.

Global Max. lateral Calculation ime
factor of  displacement npormalised wrt medium
safety FSg (mm) mesh density

Very coarse 0.39 1.610 2093 0.46
Coarse 0.60 1.598 2231 0.61
Medium 0.98 1.592 K22 56 1.00
Fine 2.08 1.553 a4.79 2.24
th'y fine 4.14 1.521 28.35 6.18

Note: FSg values correspond to the fully constructed wall If FSg & W be determined after each
construction stage, calculation tme may vary even more drastically

Mesh Elements per
density unit volume

For example:
Influence of interface modeling on soil aail wall analvsis

Wang and Richwein

o Maximum axial  Global Stability  Maximum lateral wall JEPL1P]
foree [kN'm] Fsg displacement [mm]

Junaideen et al.
06 107.09 L7 25,68 2004

o 105.82 1.78 .

£ 94.97 2, ~

x"bg 103.89 A Pradhan et al. 2006
pab ) 95,34 25

Gosavi et al. 2008

And we just want to give an example how the mesh density as a role you know. So, if it
is coarse mesh and a fine mesh you know what happens? The global factor of safety
there is1.61 so, elements per unit volume is also is used as a criteria. So, the factor of
safety varies from 1.61 to 1.52 maximum lateral displacement 20 to 28 and a calculation
time normalized with respect to medium mesh density. You have take with respect to
medium mesh density what is the calculation the thing is if you make a very fine mesh
what happens? The calculation will take more time. So, it is 6.18 times compared to this

one you can see one and coarse one it is half of it fine mesh this much.

So, possibly you know you should take a balance you know if have numbers of and then
see the accuracies involved like you know 1.59 to 1.52 or you know. So, you have to see
that differences. Definitely if you want to go for good deformation in predictions you
must go for fine mesh. There is no doubt about it right. So, this is very important that this
gives an idea of the role of numerical simulations in soil nailing. Interface is also given
interface modeling and how interference will affect the displacements and factor of
safety. You can see that as the interface becomes rigid; the maximum horizontal force
little comes down and then you know then the, this will increase marginally 1.7 and 1.78

deformation will also come down marginally right.
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So, as | just mention this will use an essentially a, strength reduction technique which is
given in the standard text books and advantage is that the, why as I just mentioned this is
the failure surface right simulated wall. And in the federal high way we assume a
distribution like this. Critical failure surface from limit equilibrium this is the failure
surface whereas, from numerical analysis it is like this, which is like you know 0.3 to 0.4
H of that and this is a tensile force maximum tensile force you know the way the
distribution of tensile force is developed. And this is another important variable and this

at facing this is a wire mesh inside. This is the nail and those things are welded right.
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Study on Implications of using Advanced
Soil Models

Soil nail wall geometry and other p et

Parameter

Vertical height of the wall H [m]
Face batter a [deg]
Backslope angle p [deg]
Nailing type
Grouted nails and facing
Material model
Yield strength of reinforcement £, [MPa]
Elasticity modulus of reinforcement Eq [GPa]
Elasticity modulus of grout ( ) Eq [GPa)
Diameter of reinforcement d [mm)
Drill hole diameter Dpg [mm]
Length of nail L [m]
Declination wrt horizontal i [deg]
Spacing Sy x S [m x m]
CEASRN Facing thickness t [mm)]

Other thing that 1 want to highlight to you is that the importance of using correct
constitute I mean appropriate constitute models. Of course, this is not course on
numerical analysis, but, at the same time | felt one should understand the influence of
numerical modeling in ground improvement techniques. This is just is taken as an
example. For example, the height of the wall is 10 meters and grouted nails then the
spacing is also there like 7 meters is the length of the nail because I said 0.7 times height
length is some 15 degrees, spacing is one meter by one meter facing thickness and

elasticity all the properties are known.

So, now actually the thing is that why this constitutive models are very important is that
you know normally we are using ¢ and 5 for representing soil, but, when you are trying
to do an excavation; the problem is that you are there is a bottom heave that comes out
you know there is a movement that takes place. So, there is so, many, so, many like you
know if you do not predict this deformations properly the building that is next to that will
have a problem. So, it is important that one should apart from using a conventional
method of calculation of nailing stability or anything you know for that matter in ground

improvements technique.

One should calculate using even you know if you are capable of doing it one should do
using numerical methods as well like close form solutions are fine, but, you need to

really you know much go beyond that and check because this will give a range of values.
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Soil model parameters (Bringreve et al. 2006).

Parameter . HS  HSsmall

Cohesion ¢ [kKN'm?) 10.0 10.0
Friction angle ¢ [deg] an. 1.5 1.5
Dilatancy angle y [deg] 1 0.00. 0
Unit weight y [kN m?] 19.0 19.
Modulus of elasticity of soil E [kN'm?] - -
Secant stifiness in standard drained triaxial test

EY [N'm?]

Tangent stiffness for primary oedometer loading g~
[N’

20000

20000

Unloading / reloading stiffness £¥ [kN/m’] - 60000
Reference shear modulus ¢, [kN'm?] . .
Reference stress for stiffness p [WMN'm?] 100.0 100.0
Shear strain at which Gyt = 0.7 Gy, 7,

Poisson’s ratio v

Power for stress level dependency of stiffness m

NOTE For HS and HSemall models v = v,, (uloading - Riopding)

C — Mohr Coulomb model
Hardening soil model (Schanz et al 1999)
Hardening soil with small strain stiffnd

So, soil parameters you know the thing is that, there are three types of models that
suppose if I use plastics | have three types of models which | can use what is called Mohr
coulomb model the other one is called hardening soil model. Hardening soil model is
similar to you know in the sense that the some of the problem associated with soil are not
just see and you know the soil parameters not ¢ and phi alone. Soil has also the stress and
strain effects it hardens and there is an the confining pressure dependent behavior is there
like you know higher is the confining pressure higher is the strength all that things are

there.

So, if you want to capture them hardening soil model is one thing and then to capture the
small strain you know the thing is strain starts at not what you see in trials and testing. It
starts at a very small level you know two shear displacements of two soil particles.
Consider that they have, what is called hardening soil model which is given in that small.
It is called hardening soil model with small stiffness and if you are using a flack also you
have Mohr coulomb the modified cam clay model and all that. Then can that can be

done.

So, these are all some parameters that have been used to get some information about the
properties like you know as | said the soil has an unloading and loading loading and
unloading behavior is different right. So, to represent that you have what is called

unloading reloading modulus. Say for example, we know that compression index is say



for example, ¢ ¢ is some this thing you have unloading unloading there is another
modulus. So, its five times less actually. If you get a compression index of some say 0.4.
4 divided by five roughly will be the recompression index you know actually why
because the soil is elasto plastic in the first stage when you unload it is only elastic.

So, it cannot completely recover all the plastic plastic deformations cannot be recovered.
So, what we do is that that gets reflected in this compression and recompression lines
and the even you can calculate them in terms of the stiffness and these are all some
parameters that we should use and even the stress dependency. This is another parameter
that you need to have no these are all one can understand.
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Global factor of safety F5;
25 15

“

eduction technique used in the present computational
i of accounting stress dependent stiffiness and har
refore, a similar response.

And the thing is that the as a function of construction stage, what happens with different
models was seen in terms of the global factor of safety. Like as you saw that the factor of
safety is like little higher like three point eight and then it comes down to one point five
or whatever right when the construction is complete as a factor of safety somewhat in
this range. And there is not much difference between the models used when you are
trying to calculate factor of safety global.
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MC-model over-estimates the base
heave (Br.nkgreve et al. 2006;

Callisto et al. 1999).
Excavation base heave jmmj allisto et al. 1 )

1 0 30 a0 50
May be attributed to the

consideration of linear elastic pre
failure soil behavior assumed in
MC-model formulation,

Advanced soil models shall be
preferred in soft soil conditions.

This aspect may be useful from the
consideration of stability of soil nail
walls during construction stages.

HSsmall model g \;:T > excavation
heave even lessg

attributing

stiffness o

(Brinkgre

But when there is a deformation right there is big difference. | want to highlight to the
that point that you have Mohr coulomb model like this, hardening soil model like this
and the another model like this. What it means is that you are not estimating the
deformations properly that point | would like to highlight. That is it. So, Mohr coulomb
model estimates the base heave like these are all what people have observed and
normally you know we should use good constitutive models otherwise there will be a
serious issues of prediction of deformations in a wrong way like this. That is what | want
to highlight

So, yeah you can see that yeah what | want to Mohr coulomb model; deformations are
very high let me repeat and this is hardening soil model and the small strain model it is
like this. So, what | want to say is that, if you use see most of the time the people use
Mohr coulomb model for prediction purposes, but, then the problem is that you know
the, if you do not take care of the non-linear the soil properties like stiffness and small
strains and all that this deformations are over estimated. That is what | want to highlight

and and when deformations are critical one should use properly.
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Lateral wall displacement & (mm)
L 10 13 0 25 0 L]

Upte 60% CS, MC > HS and HSsmall, Beyond 60% CS, HS > HSsim -

Possibly due to a hyperbolic stress-strain relationship with contrg ™
dependency of soil stiffness in advanced models.

advanced models, MC model has fixed yield surfac
which do not account for plastic straining due to the

Then, the lateral displacements also the same like you know you can see that like this is
another one that gives some information. So, these are there are some reasons for this
some of them you know these are all referred in some papers.
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And another important thing that 1 would like to highlight to you is that you have a
tendency to calculate using k a gamma z into s v into s H right. How you calculate the
tensile force? Use this expression and then get tensile force. So, if you plot like this, this

is a line you get right. Then the thing is that this is from the depth of excavation. So,



what happens is that if you really do from numerical analysis you can plot them what is
the maximum tensile force. It is like this for different models may be for Mohr coulomb

model this little less, but, for other two models it is a little here.

But then it is not the same as what we assume for design. It is less here, it is | mean it is
less here, it is more here. That is a very important why because the, it is soil is not see
there is no soil is the thing is it is not like a hydro static pressure distribution. What is

that gamma H k in it? It is a hydrostatic pressure distribution which cannot be like this.

So, this is just a conservative assumption, but, one should be careful at the top where one
should be you know provide large pullout lengths and all that to avoid this problem of
you know tensile forces are high you know compared to what you assume here what it
means is that there is a possibility of you know pullout failure and you know that
possibility is there. So, you have to provide normally reinforcement will not fail by
tension it is only by pullout. So, the if you provide short length and divided by tensile
force instead of using this tensile force actually the actual tensile force is this much. So,
there is a possibility of pullout failure. So, one should provide longer lengths here. That

is what it means ok.

So, this is about in terms of the construction stage you know in terms of the percent
comes like when it is hundred percent it is tensile force you know about 30 kilo Newtons
is what you have like 30 kilo Newtons what you have. So, other thing that we have you
know we have what is that length of the what is the capacity of the 20 mm steel rod |
said? It is 131 kilo newtons right we have seen that pi d square by 4 into f y and all that if
you do you get that

So, that 131 you can just make it as a thin sheet and you if we are trying to do a plane
strain analysis you have to use equivalent stiffness right. So, the movement of that
bending stiffness has to be converted properly and you can calculate how much is the

tensile force and the factor of safety.
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Implications of Consideration of Bending
Stiffness of Soil Nails

Plate structural element can be used
to perform analysis of soil nail walls
considering bending stiffness of soil
nails as they require both axial

stiffness EA and bending stiffness E1
as the main material parameters,

Geogrid structural elements can be
used to model soll nails vith
considering bending stiffness of soil
nails as they require ¢ -~ _ al
stifiness EA as the m: ot
parameter i

of global factor of safety
- of soil nail wall with
L construction stage

Then other thing that | would like to you know, the just I mention earlier in the
beginning you know when | trying to talk about the reinforced soil walls; stiffness of the
material is also important like you know if you are using a geogrid yeah it can be a
bendable material you know it is only acting as a tensile element. But, if it is a nail or
some stiff reinforcement like steel reinforcement it is it has more bending stiffness. So,
how do you understand that?

So, for example, in this particular program if | use a plate element it takes care of
bending movement. So, you have to, you bending movement and shear force are
obtained based on that whereas, if it is a just a Geogrid element which means it is can
only tensile element then, it can see that the factor of safeties are somewhat different. So,
we use a, what is called plate structural element can be used to perform the analysis of
soil nails considering bending stiffness of soil nail as they require both axial stiffness and
bending stiffness. Both axial stiffness and bending stiffness are required here whereas;
geogrid elements can only have the axial stiffness.

Axial stiffness is, there are two stiffness that we have to give and based on that and using
the Mohr coulomb soil model you can see clearly that. The factor of safety in the case of
plate element is somewhat higher particularly when you are trying to talk about in the
beginning stages like it is stiffer right. Instead of 2.5 the factor of safety is little higher
which is a useful consideration.
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Max, lateral displacement of wall u fmm)
" w

Almost same lateral displacements
observed.

The bending and shear capacities of
sail rail start mobilising with increasing
Tuust-uction stages.

NPTEI

The same thing that you have like particularly in the case of bending movement and
shear forces this is another one. It is only in the case of plate element right and
displacement is another, displacement should not be much different.
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nax N NAIL simulated using
id elements is found to
% more than plate.

i Ver e similar response

And that is what you observe and even that particular maximum force you know like you
know k a into gamma H you can even calculate like this and see that you know, why this
is you know the difference you will get it you know if you do the simulations. And then



T max in nails simulated using geogrid elements is found to be fifteen percent more than
that in plate and then there. So, this is all distribution of tensile forces.
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Seismic Analysis Soil Nail Walls

= Soil mn walls reported to have performed
i ell dunng rngh |mm5|t l‘t|l!.1i.ldku.5
et al. 1998:; @ et

In order to study the performanc e of soil nail walls
in seismic conditions, a typical soil nail wall of 8 m
2ight is conven lorlalw designed using allowable
stress design approach presented in FHWA (2003).

Commnonah? designed soil nail wall is then
t

simulated un ic and seismic (pseudo-static
and time history data) conditions.

So, what you have seen is that what is, the use of the numerical analysis compared to
conventional analysis. | even want to go one step ahead because what people have seen
as a soil nail walls are supposed to be very good in earth quake conditions and when they
are you know like we have seen some earth quake earthquake coefficient specifications
by federal high way and all that and 1 in this example | would like to show you you know
one is called you know the pseudo static method the other one is called you know time
history you know you can give the acceleration time history of the earth quake itself.
What happens when you just do for any for soil nail wall no. This can be done for any
structure, but, this is just a soil nailing is an example to highlight to you the role of

numerical analysis in ground improvement.

Because particularly why | have taken the soil nail wall so, that we do not have good
guidelines on soil nail walls and the fact is that they have which should the many earth
quakes they are doing the many earth quakes of high intensity; the soil nail walls
withstood the earth quake and places like you know in north east, in India and all that we

need good stable structures. That is a reason why we thought we should investigate.
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Material and prometric properties adopied for the aady.
Parumeter
Vertieal hright of wall K. m

Modulios of elasticity of nail, By, GPs
Nail pacing. S % mam

Nadl imclination (wrt horizontal), L degrees
Drwill ke diamwter. Dow, wun

Summary of the conventional design.

Design variable

Nail length, L, m

Nail tendon dismeter, d, mm 16.0
Maximum wxial force in nail, T, kN 40.00 (48.42)
Axil foroe at nail head, T, kN 24,00 (29.08)
Pullout enpacity of axil per unit length, Q. kN'm i
Maximum wxial tensile load capacity of nadl, Re, kN Bid

FS against pullout (on altimate bond strength), FSy 3.49(2.88)
FS against nail tensile strength, FSy 209(1.72)
FS against global mability, FSq 1.70(2.485)
FS against sliding stability, FSyy 1.99(1.26)

Notw: Fugares m bwackrt sl

And for the typical case we took about eight meters high wall which is used
conventionally designed, using allowable design procedure like you can see that eight
meters and space cohesion and spacing is one meter and drill hole diameter hundred mm.
All that calculations are given and when you do the conventional design the length is
four point seven meters because the length is 8 8 by you know that ratio is maintained

diameter is 16 mm nail force all that calculate factor of safeties sliding all that we have.

So, once you have all these numbers; then the figures in the bracket indicates
corresponding value from seismic conditions putting k H equal to 0.106. Some k H value
you have to put and what happens to the maximum nail force? Instead of 40 it becomes
48, nail head 24 becomes 29. The factors of safety slightly come down 3.49 to 2.88 right.

All these are well understood right.
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:
Ground acceleration ime histories for
three earthquakes

Now, what I do is that we have earth quakes in our country which we have, which can be
represented in terms of the time history horizontal acceleration versus time. So, what one
can do that this is in Silchar and this is in Uttarkashi.

(Refer Slide Time: 59:05)

Summary of strong motion records (Shrikhande 2001).

Bhuj Silchar
earthquake earthquake®
Date of occurrence January 26, 2001  May 08, 1997

Parameter

Seismograph station Ahemdabad Ichar
Body wave magnitude my =70 my,= 5.7
Frequency (Hz) 291 344
Peak acceleration (m's®) -1.0382 -1.4882
Peak velocity (m/s) 0.1113 -0.2058
Peak displacement (mm) -88.21 5201
Strong motion duration (sec) =23 sec = 10 sec

~5, Silchar enrthquake is the India-Burma border earthquake occurred m nor

So, these are all these data available and data earth quakes and frequency and all that
right.
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Summary of results from numerical simulations.

[=——— 53 Simulation type
Analysis parameter o Seismic: pseudo-Static Seismic: time history data
tatic
Bhuj Silchar Uttarkashi Bhuj Silchar Uttarkashi

Horizontal seismic
coefficient, k,

Vertical seismic
coefficient, k,
Maximum axial force in
0ail, Tag.s KN
Maximum axial force at
nail head, T,, kN
Maximum horizontal 478
displacement, % of H X

FS against global .
stability, FSq ' ; :

F$.against nail pullout 1.78
fifluge Y S '
FS" st nail tensile

s -failure, FS; 3.73

So, what we saw is that so, we have static analysis, we have seismic analysis which is in

0.106 0.152 0.241 - - -

0.00 0.00 0.00 - - -

34.50 40.04

31.63

terms of the pseudo static analysis and also the time history data. You can see that for
example, the static case the displacement is 0.67 you know, what is the maximum
horizontal displacement in terms of percentage height? .67. Now in the pseudo static case
it is 5.3, 0.29 in the case of Bhuj, 4.78 in the case of Silchar and 5.24 in the case of
Uttarkashi and time history data 1.13, 1.54, .82.

You can clearly see that the deformations are over predicted. Is it not? You can see
instead of 3.29 here its 1.13 here. Why? You know k H analysis assumes that the earth
quake is continuous and you know time history is constant whereas, there is a time
history complete you know, it is that force is somewhat you know it does not act you
know there is a dissipation. You know this earthquake occurred for a certain time right
some it has that. So, you can see 4.78 0.82.

You can clearly see that a time history analysis of the earthquake and using it as an input
for the horizontal force due to an earthquake is a better way of doing that and of course,
best is to do a conventional analysis. Actually you now because the thing is that we
should always do this and do that you know. This gives always a safer you know to
protect our self. But, yes | have used this method and it is I am giving a safe value, but,

this will tell you how safe you are to some extent if these calculations are correct. If you



are wrong here then it is very risky right, but, at least you cannot be wrong here because

in conventional method it is just calculations.

But in finite element analysis; you can give wrong in numerical analysis and boundary
conditions one should be very careful. You may end up declaring you know the one. So,
one should always see that if you completely do this sort of analysis it is possible to say

where the numbers are falling.
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Max. axisl force in nail, ki
"w 1% N B w0 ¥ w0

In general a very similar
response

Upper nalls (top two or three):
mare for the pse do-static

Lower nails: very close for both
pseudo-static and time history
data

So, this is a typical analysis. In the Even in the case of static and time history in pseudo
static and theoretical of course, this is theoretical and Uttarkashi and all that this is
Silchar and all that.
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In general a very similar response

Very conservative for the pseudo-static

Tolerable seismically induced
displacement corresponds to 0.63-1.25%
of H (FHWA 2003)

Response is similar that is fine. yeah Displacements you have seen that how they are
different in different loading conditions if you take static it is much lower and time
history its little better, but, pseudo static gives somewhat higher. That is what you have

seen.

And very importantly the tolerable seismically induced displacements like in the range of
0.632 to 1.25. How do you say that this (()) structure is safe? In fact, | was telling you
about r u wall design in which there is horizontal force tolerance you know, service
ability requirements it is about one percent of the height of the wall or some sort of thing
given that there is this some factor and all that. Based on that if you can even say that
yeah if the even after the earth quake is subjected to and if the deformation is in this
range then it is fine you can. In fact, measure it is in some cases you know if it would

have failed right

In some case you go to some earth conditions, | have seen r u wall failures are there ru
soil failures are there. If the deformation is there yeah it would have failed and you can
prove that yes the deformation is much more than this one percent. So, it has failed you
can say that right. Ah. So, the other one that | would like to you know, here the factors of
safety are .81 right. Global factor of safety is .81 right. It is a somewhat then, .98 against
pullout failure and then this is another. So, this two are somewhat what about the sliding?

We will just see that.
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Results of numerical simulations using revised nail length of 6 m.
Numerical simulation type
Lo —— ] Static Seismic

Uttarkashi Silchar
FHWA | eathquake  earthquake ~ FHWA
(pseudo-  (time history  (2003)
static) data)

Maximum axial force in
Bail, Tam., KN BA

Maximum axial force at 2004 (06~1.0)
nail head, T,, kN Tam+
Maximum horizontal
displacement, % of H
FS against global
stability, FSg
“‘:'“' pollost | o8 200

326 180

0.26 020030

1.40 135-1.50

The length of the nail | just was trying to see, original length is 4.7 and this is all the
factors of safety, actual and federal high way codes are like this and in some cases it
come down right. So, what is recommended isl1.1, but, it is 0.84 here.
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Conclusions

Conventional design procedure using I HWA (2003) provides a safe but
conservative design

Provision of facing results in the significant improvement of the stability and
performance of soil nail walls,

Intermittent facing with a small offiset in each construction stage is found to
be more ¢ ve m reducing the lateral deformation of soil nail walls than
regular continuous vertical facing

walls with rigid facing the axial force deve 'pmi at the head (i.e
cing end) of a given Hrul nail'is generally 80 of the maximum axial
I n‘u developed in it

In addition to the peak seismic acceleration, the overall '-thh!y (i.e. external
as well as intemal) and performance of the ‘soil nail walls is dependant on the
: pectral properlies (e.g., strong motion duration and peak

= displacement) of the time history data of an earthquake.

s _eseudo-stalic analyses is found Lo provide conservative estimate of
tsplacements and factor of safety values.

So, one can really alter that length and see what can be done you know see original. So,
can always change that and then get the improved length and it can be done. So, one can,
what | want to highlight to you is that the design issues that we have. So, the design

issues are very important.



And in most of the cases you know, whether it is conventional design procedures for r u
walls or soil nailing they are they provide safe and conservative designs in some cases it
IS true, but, in some cases you know like one should be careful that is why lot of research
is required to what extent this federal highway guidelines are complete and you know, in
terms of telling you know, we talked about r u walls where the stress distribution is like
this and one is to two and is it correct for a r u wall type of structure, all that can be

examined.

Ah Provision of facing results in significantly permanent stability and performance of
soil actually deformation particularly its quite important. Actually |1 was showing you
one more example earlier in the my previous class where | was telling you about
providing an offset at every level, at some level also helps in effective effective in
reducing the lateral deformations. And then the for soil nail walls with rigid facing, the
axial force developed at the nail head is generally eighty to ninety percent of the

maximal force developed.

So, in fact, the what is the percentage of the nail force that comes to the facing is another
important variable that you have seen and the in the dynamic analysis we have seen that
the spectral like time history analysis is somewhat very useful and pseudo static analysis
is gives somewhat a conservative estimate. So, what would | like to say is that soil
nailing has been quite effective. In fact, | must tell you that there are number of case
studies that we did. Like the other case that even | have see while there is one
embankment structure like it is a water water reservoir and like where the water is

removed from the tank.

And what happened was that when water is removed from the tank you know because
you know water is full in some season, but, then the village needs that water you know
tank actually the town actually it is not a village it is a town that needs that water when
the water is withdrawn, the you know the embankment dam has a clay core and a cover
you know. So, that clay cover the cover was coming out it happened once it failed
actually. The thing is that the so, what people felt was that when the water is removing
that cover it means that the cover soil was erodible, like the erodible soil is somewhat
erodible and the possibility is that it can easily come out. So, people brought non

erodible soil and then try to mix that soil and then used it.



Second time again it failed. What happened was that, between the clay core and cover of
the dam there are some the interface shear stresses and when the forces are withdrawal
like that the you know it is just coming like that and if you are able to stitch you know |
have seen that with the nailing you know, if you are able to stitch that clay cover as well
the core of the dam it was working. In fact, that is a very unique case study that we did
about four years back and we stitch that clay cover with a core you know, with some
overlap about five meters nails at some spacing and it is working very well even now
about even after four five years of construction. Earlier it failed in 2004 and again 2005
and people had lot of difficulties. So, because they did not understand that the
withdrawal also creates lot of forces and there should lot of to resists those shear forces
you need to have proper nailing force resistance for shear and which can be provided

with proper nails. So, with this, I would like to conclude. Thank you.



