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Lecture - 3
Soil Exploration - I11
So, last class I have discussed about different penetration test SPT and SCPT and DCPT and
then I have discussed different correlations by which you can determine the soil properties.

So, today I will discuss about the pressure meter test.
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Pressuremeter Test

® The pressure meter consists of an inflatable
cylindrical probe which is connected to a water

reservoir. -Iurehole
® Expand cylindrical probe inside a bore hole.

The probe presses against the wall of bore hole. So

the soil begins to deform

o The volumetric deformation of the borehole is
measured by noting the fall in water level in the
water reservoir b

1S: 1892-1979 describes the use of pressure meter
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So, the pressure meter test is another in-situ test by which we can measure different soil
properties by using the correlations. So, this is the pressure meter instrument so, it has a
cylindrical probe and 2 guard cells. So, these guard cells are used to protect this probe within
the borehole. So, here also we need the borehole and here the pressure meter consists of an

inflammable cylindrical probe.

So, this is connected to a water reservoir so, that means this probe can be expanded so, we
apply the water pressure then this probe expands and we measure the volume change. So, this
is the mechanism by which we can measure the properties. So, that means we apply the pressure
and this probe expands. So, that means it expands and soil starts to deform. So, then we measure

this expansion.

And corresponding pressure or you can say the pressure corresponding the expansion that

means, the volume expansion we measure so, this cylindrical probe we place it inside a



borehole, then when you apply the pressure the soil begins to deform and this probe volume
increases. So, we measure basically pressure versus volume plot or we do the pressure versus
volume plot, we measure pressure and the volume change. So, volumetric deformation of the
borehole is measured by noting the fall in water level in the water reservoir that means, we
measure the fall in water level or basically the pressure and the volume.
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V, is measured and the probe is inserted into the borehole.

The pressure is applied in increment and the volumetric expansion of the cell is measured
Zone I: Reloading Zone and p, represents the in-situ total horizontal stress

Zone II: Pseudo-elastic Zone

Zone lII: Plastic Zone and p, represents the limit pressure

So, now, as I mentioned this is the pressure and the volume change. So, this is the plot that you
will get from that test. So, that means, from this curve, we can see this curve has 3 different
zones. So, what are the 3 zones? Initial volume of the probe that is Vo that we can measure

generally is this 7 is 535 cm?. So, that is known, so, ¥ is known for us.

So, this Vy is the starting point which is known and initial pressure is say 0 and now, we will
start applying pressure so, now the volume of the probe will increase from V) to certain value
and pressure also increases. So, then we will get these 3 zones. So, initially, we do not have
these zones and we have to identify these zones. So, we have this graph. So, that once we get
this graph say suppose initial period, we will get in some portion this pressure versus volume

change is linear.

So, we identify these 2 points, the starting points and ending points, the starting points where
this linear zone starts and the end points where this linear zone ends. So, I mean this linear
behavior we have to identify these 2 points. So, we will identify these 2 points and the
corresponding volume is Vo + vo. That means and corresponding pressure is po that means to

reach this point the volume change is vo.



And then the another point corresponding pressure is pyand the corresponding volume change
is Vo + vz So, that means the volume change is vy to reach this prand this is the middle point
which is vo + vi. So, that means to reach this first point the volume expansion is Vo total volume

is Vo + vo and the second point the volume expansion is vy

So, the first zone is called reloading zone and po represent in-situ total horizontal stress why
this zone is called reloading zone? Because when we construct the borehole that means the
pressure on the soil is released. So, some deformation of the soil will take place towards the
borehole. Now, this is not the actual condition because now the soil condition is been disturbed
and some deformation of the soil takes place towards the borehole or you can say inside the

borehole towards the borehole centre.

So, some soil deformation has been taken place. Now, once we apply the pressure and the
probes starts to deform then it will push that deformed soil to its original position. So, this first
point, so, at vo position the soil will go to its original position. So, that is why it is this pressure
po is called in-situ total horizontal stress because that is the in-situ condition of the soil because

now the soil initially was disturbed, now we apply the pressure now the probe expands.

So, now it reaches its initial condition due to this Vo volume change at po pressure so, this is
called a reloading zone. Now, the next one is called a pseudo elastic zone because here the
pressure versus volume change relation or volume relation is linear and third zone is called a
plastic zone and p; represent the limit pressure now, how I will get this p;? Now, p; [ will get in

2 ways one is that if because during this test I will get this plot I will get this Vo + vo value.

Now, I have to continue the test up to 2 times Vo + vo and they are in the test so that
corresponding pressure is the p; or the second option is that suppose your instrument has some
limits, so, you cannot go beyond some pressure or some volume change. So, there you have to
stop your test. So, that may be the list and 2 times Vo + vo. So, now in such case how I will get

the p;?

Because if my test ends before these are 2 times Vo + vo, then how I will get that p;? Because
that time I have to get that p; by interpolating it. So, that means in the plot, I will identify the
point corresponding to 2 times Vo + vo and then I extend this graph. So, that is interpolation

because I may not measure that value because of the limitation of the equipment.



But I can interpolate these and I can extend this curve up to that point that corresponding to
this point and then I can find out the p; value. So, if I can go up to that point, I can measure but
most of the cases it is not possible to go up to that point. So, I have to finish the test before that
point. So, I can interpolate that and I can locate the p; value, which is called as limit pressure.
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Pressuremeter modulus, £, =2(1+u)(F; +v, I[ % '1

where v, = (vy+v))/2; Ap=p;=pgAv= v,-'v,:, j1 = Poisson's ratio and
V, = measuring cell volume = 535 cm®

P, = limit pressure, is usually obtained by extrapolation, not by direct
measurement

So, now, from these values I will get the pressure meter modulus, which is the E, that value I
will get this is the Ap, Ap is the difference between po and pr or prand po and v is the vy - vo that
is Av and then Vo I know that is 335 cc most of the cases u is the Poisson ratio of the soil so, I
will get the pressure meter modulus E, and as I mentioned the p; limit pressure is usually

obtained by or this is extrapolating because not the interpolation it is extrapolation.

Because it is outside the plot so, it is extrapolation of the plot so, it is not interpolation. So,
correct this it is extrapolation because I have to extend this because maybe your test ends here.
So, you have to extrapolate these plots so, this is the extrapolation because you have to
extrapolate this plot up to this point, but not direct measurement.
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Correlations

’ Pre-consolidation pressute {p) =0.5p,
¢ = AL (Baguelin et al, 1978) (Kulhawy and Mayne, 1990)

where ¢, is undrained shear strength of clay
N-. =1+ |!'t ;‘—p
! 2c

]

Typical values of N, vary between 5 to 12 (average = 8.5)
E,(kN/ni)=908N"* For Clay | onya et a, 1982, aso
E, (kN [m*)=1930N"" For Sand

Kulhawy and Mayne, 1990 ﬁ
where N is standard penetration (SPT) value '

i)
Das, B. M. 1899 )"ﬁﬂ M'A

So, again once you get this £, and py, po, prthen again we have to use these values in correlations

to get the soil properties again I can get the undrained shear strength or the correlation that

P1—Po
Np

expression is . So, p; I have already discussed po also I have discussed and this N, I will

get by using this equation and E, I will get by this equation and I will put it here, but in that

case, there will be a ¢, and there is also cy.

So, by trial and error I can get the ¢, value there is only one or none, but the solution is very
complicated. So, we can use that trial and error you will get the ¢, if you use here because here
E, will be given by the equation and ¢, I will get from this equation. Another case directly if
you use the N, which varies from 5 to 12 average 8.5 then also I will get the ¢, and E, value |
can also correlate with the SPT N. So, that also I can correlate for clay and the sand. The pre
consolidated pressure also p. I can get by using this correlation up into p; and pre consolidation
pressure also I can get.
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Dilatometer Test
Advance @ 20 mm/s. Test every 200-300 m -
Nitrogen tank for inflating the membrane.

Gives c,, Ky OCR, ¢, ki, soil stiffness.
Can identify soil, ; 'F@
I By »

* * @

40 mm diameter flexible steel
membrane

hittps:/fwww.youtube.com/watch?v=EBhg-dLN1Fa

N Sivakugan

Now, the next test is the dilatometer test. So, the dilatometer test also here bore hole is not
required, here the instrument is pushed into the soil at a rate of 20 millimeter per second and
we test every 20 to 30 millimeter interval and pressure meter we use the water but here the
nitrogen tank is used or nitrogen is used for inflating the membrane. Here also is similar to
pressure meter, but the difference is that here there will be a flexibility steel membrane in this

equipment.

And that can we have to use the nitrogen for inflating this membrane, so this membrane will
inflate and we will get the deformation or the reading and the corresponding pressure we can
measure. So, that means similar to the pressure meter test, also we measure the pressure and
the volume change. Here also we will measure the expansion of these or inflation of the

membrane and the pressure.

So, it will give us the undrained coefficient Ko value that when the coefficient of pressure air
pressure condition over consolidation ratio, then ¢, coefficient of consolidation in horizontal
direction k; permeability in horizontal direction soil stiffness, it can identify the soil also. So
basically, it has 2 major readings. Actually, it has 3 readings but these 2 major readings we will
use for the correlations. So, one reading is called A reading and the next one reading is called

the B reading.

So, in A reading I will get the po and B reading I will get the p;, there is another reading C
reading there I will get the p», but that will not discuss here. So, here I will get the po by taking



A reading and p; by taking the B reading. So, it is A reading B reading are different stages by
which we are taking different readings.
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R Marchetti (1980) - Mainly for Clay (1,<1.2)
Ky =th
K”_(i_i] -06 Horizontal stress index *” A Material Index
i Dilatometer Modulus £, (kN /m’)=347(p, - p,)
=0220",(0.5K , )"*
€, =220,V ;_;] *py is the contact stress ie the
) 15 ) _ pressure required to just begin to
OCR=(0.5K )" (NC clay, Kp=2) move the membrane
Er.:, =()22 Normally consolidated clay *p, is the expansion stress i.e pressure
a required to move the centre of the
) g ., membrane by 1.1 mm into the soil
[ = = ( o [ (0.5, )™ s the pore water pressure
\ 7 over couelidaed caly a, ! ormall; comalidand caly L -
: o 10
E=(1-p)E, E.

L] L
6,9 (or py) is the vertical effective overburden pressure or stress F
E is the elastic modulus J
K, is the c?effi‘-:unt of earth pressure at rest 200 \
ji= Poisson’s ratio

So, once we get these readings, we use these correlations for different types of soil. So, what
is that so, here first let me explain what is po and p;? So, as I mentioned po is the contact stress
that is the pressure required to just begin to move the membrane. So, that means here po or the
A reading where we have to apply the stress that initially when we apply the stress immediately
the movement of the membrane will not take place, we have to apply some reading so, that at

that point the membrane will start deform.

So, that the po is the pressure required just to begin the membrane to move so, that is our A
reading and p; is the expansion stress that is the pressure required to move the center of the
membrane by amount of 1.1 millimeter into the soil. So, that means p; is the pressure that we
will measure where the membrane will deform by 1.1 millimeter the membrane center will

deform by 1.1 millimeter into the soil and uo is the pore water pressure.

So, it is clear what are po and p;? po is the pressure required to just begin to move the membrane
and p; is the pressure required to move the center of the membrane by 1.1 millimeter into the

soil. So, once I get this po and p; and uo, I calculate then I will get different properties. So, that

Po—U
7
Opo

0

will first one is the horizontal stress index. So, this is Kp, Kp is the , Oy 18 the effective

vertical overburden pressure.



So, if T know the uo if I know the oy, and po from here I will get the Kp then I will get the
dilatometer modules this is Ep, Ep is 34.7(p; — py)- So, once I get the Kp and Ep then I will
get these properties for the clay. So, those properties this is mainly for clay those properties are
Ko, Ko is the coefficient of earth pressure at rest. So, this is the expression correlation then

undrained coefficient this is the expression Kp.

Again, this is effective overburden pressure then over consolidation ratio is (0.5K;)*>®. So,
you can see that for normally consolidated clay Kp value is equal to 2. So, if your soil has a Kp
value of 2 then we can say this is a normally consolidated soil and if it is more than 2 then it

will be over consolidated soil. So, for normally consolidated soil this is the correlation.

So, if I get the undrained cohesion for the normally consolidated soil by using these correlations
then I can use this correlation to get the undrained cohesion for over consolidated clay also.
So, that is done normally consolidated clay into (0.5Kp)2° this is into. So, this is actually this
value is this is into. So, then I will get the elastic modulus by using these expressions also z is

Poisson ratio and Ep, I will get from here.

So, these correlations are for the clay that means the Ko, c,, OCR, E and then ¢, I can get for a
normally consolidated clay and for over consolidated clay also we can get so, this ¢, depending
upon Kp value I can get whether it is a over consolidated soil or normally consolidated soil.
So, if it is a normally consolidated clay directly, I can use these expression and over
consolidated soil I have to use these expressions.
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Horizontal Coeffcient of Consolidation and permeability ofsoil  MainIY for Clay
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Failmezger, R. A. and Anderson, | B. (2006) Proceedings from the Second
International Conference on the Flat Dilatometer, Washington, D.C., April 2-5, 2006.




Now, next one is to determine the horizontal coefficient of consolidation and the permeability
of the soil and these correlations are also for clay. So, previous correlations are also for clay

these correlations are also for clay. So, I will get the horizontal coefficient of consolidation so,

7 cm?

that is cx so, that is equal to . So, the ¢ can be second or minute so, that means the ¢, will

tflex
be either 7 centimeter square by second or 7 centimeter square by minute depending upon

which how you are putting tf, value.

Now, what is tf.,? So, here as I mentioned that during this test, we are taking 2 readings one
is your A reading and another is your B reading, A reading will give you po and B reading will
give you p;. So, here we will go for the A reading only. So, this is the A reading that is why so,
this is the pressure that you will give during the A reading. So, that A reading will take and you
will off this B reading I mean B reading will not take we will keep this instrument under A

reading condition.

And we will take the reading at different time intervals clear. So, that means we will keep the
instrument under A reading condition and then at this condition will keep on taking this reading
with different time intervals. So, these are the different time intervals you can see this 1 day, 1
week and we can take this 1 minute then 5 minutes then 10 minutes. So, different time intervals
we will take the reading and so and we will plot these readings with time this is x axis is time

in minute and y axis is the A reading so with time.

And then we will identify there will be a change in curvature in the curve you can see so, this
is the curvature and then there is a change in curvature. So, this is one curve and then it is the
change so, we have to identify that point. So, that point and the corresponding time will give

me the tf,,. So, this is called point of contraflexure and this is small tf;,,. So, these points of

contraflexure we have to identify by plotting this A reading and the time.

So, this is the point of contraflexure and that means where your curvature changes to identify
that point and the corresponding time will give me the t¢j,. So, you put this and you will get
the horizontal coefficient of consolidation. Now, the horizontal coefficient of permeability I
will get by using this expression this is ¢, [ will get from this expression then M, M} is the Ko

x Mpwmr. So, Ko it is the coefficient of earth pressure at rest that I will get by using this



expression Ko I will get then ¢; also I will get from these expression. This is 4, is unit weight

of water and Mpwmt I will explain what is Mpwmt?

(Refer Slide Time: 24:56)
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Vertical Drained Constrained Modulus (M) = Ry, E; For Sand
Now,

if I, < 0.6, then Ry, =0.14+ 236 log K,  where I, is the Material Index: | _ P =Py
ifl523, then Ry, =0.5+2log K, " -

if 0.6 < 1, <3, then Ry = Ryyg + (2.5 - Ry log Ky

where Ry, =0.14 +0.15 (I, - 0.6) 01¢,<06  Clay

st 06¢ly<18 S

if K > 10, then R,, =032+ 2.18 log K, L

if Ry < 0.85 take Ry, =0.85 18<p<10  Sand

Now, Note: penetration resistance of the blade tip :g, =q,

For NCsand: My,,; /g.=5t0 10

For OC sand: My, /q.=12t0 24
Thus, first determine My, and g, (cone resistance, can be obtained from
Static Cone Penetration Test). Based on the range of the My, /g, value it can
be identified whether the sand is NC or OC.

Now for this Mpwmr which is drained constraint modulus of the soil the constraint modulus is
generally 1/ Mp, M3 is the coefficient of volume change. So, and this Mpwmt will get Ry x Ep,
Ep I will get from these expressions and how I will get the Ry So, Ry I will get by using these

conditions so, to get the Ry we have to identify the /p which is called material index.

So, Ip I will get by using these expression %. So, p1, po, Ug I have already explained so,
o~ %o

this Ip I have to calculate material index based on this /p I can identify the soil type also if your,
Ip is less than 0.6 and greater than 0.1 then it is clay if it is less than 1.8 and greater than 0.6
then it is silt if it is within 1.8 to 10 then it is sand. So, here in previous expression as |

mentioned it 1s valid for /p less than 1.2.

So, it is mostly clay because clay is 0.6 some silt is also there, because it is less than 1.2 but it
is mostly clay. But if these expressions if we have to use if Ip is greater than 1.8 then only those
expressions are valid for sand if your, /p is greater than 1.8 because that is then only your soil
is sand otherwise soil is not sand. So now by these conditions /p I can calculate for clay /Ip, I
can calculate for silt Ip, I can calculate for sand also now, if your, Ip is less than equal to 0.6

that means it is clay then Ry will be this equation.

So, I will get the Ry for the clay by this equation, this is the Kp this is log 10 Ry and I will put
Ry here and I know the Ep I will get the DMT and that DMT I will put it here I will know your



Ko I will know the M), and that M, | will put it here I will give the K the horizontal coefficient
of permeability is it clear. Now I will go for the sand part. So previous correlations are valid

for the clay these correlations are valid for the clay, mainly clay, now I go for the sand part.

But if your, Ip is greater than 3 then which is basically sand then Ry can be obtained by using
this expression. If it is in between 0.6 to 3 then Ry will be obtained by using this expression
now here what is Rmo? Rwmo can be obtained by using these expressions. Now I can obtain the
Ry for clay, silt and sand depending upon /p value. Now note that if your Kp is greater than 10
then you have to use these equations because this is the based on the /p but these are the 2

special cases.

Suppose if your Kp is greater than 10 then directly we use Rus can be obtained by using this
expression then Ip classification or /Ip different types of Ip are not required. So, if your Kp is
10 so that means initially you check what is your Kp value if your Kp value is greater than 10
directly you use this Ras expression. Now if your Kp is less than 10 then you based on different

Ip you calculate the Ry clear?

If your Kp is greater than 10 using this expression and if your Kp is less than 10 then based on
different Ip value you will get the different Ry value and another condition is that if by any
chance by above expression is giving the Ry less than 0.85 then you take Ry, = 2.85 your Ry
cannot be less than 0.85, Ry you have to take 0.85 or more. So, now for it is very difficult to

identify whether sand is in normally consolidated state or the over consolidated state.

Because in clay you can do the odometer test and you can identify what is the Pc and whether
you can identify the soil is because you can identify the Pc which is very important to
understand whether soil is in over consolidated state or the normally consolidated state but in
the sand doing odometer test is difficult because of its disturbance. So, here by the dilatometer
test approximately we can identify whether sand is in over consolidated state or normally

consolidated state.

How we can do that? Because once we get the Ry for sand, then also we will multiply with Ep,
I will get the Mpwmt. So, then that Mpwmt we divide it with the g. that mean the cone resistance
that means the static cone penetration test I will get that value I have already discussed the

static cone penetration test. So, therefore the static cone penetration test I will get the g. and



that Mpwmr divide the g. now for normally consolidated sand the Mpwmt / g 1s within 5 to 10 and

for over consolidated sand this varies from 12 to 24.

So, based on the Ip value, we have to calculate the Ry, and that Ry we will put it here we will
get the Mpwmr and then we will divide by the g. then we will identify based on these range
whether soil is in normally consolidated state or over consolidated state. So, this way we can
identify that.
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Baldi et al. (1986} For Sand
K, =0.376 + 0.095 K, - 0.0046 (qc /o',,) for river sand

Marchetti (1997). Agsuman Gon oughness 1+ 4.«
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Failmezger, R. A. and Anderson, J. B. (2006)
Proceedings from the Second International
Conference on the Flat Dilatometer,
Washington, D.C., April 2-5, 2006.

So, now, in the next one for the sand also you can calculate the Ko by using this expression,
these g. this is the cone resistance that I will get the static cone penetration test that is oy, that
means effective overburden pressure. Now, I can get the ¢ also by using this expression, I can

get the ¢ by using these curves also because I can get the Ko by using this equation.

If I know the g. and effective overburden pressure then I can get the ¢ value also for the soil.
So, either I can use this chart or I can use the expression to get the ¢ value of the soil. So, here
in next class I will discuss a few more in-situ tests by which we can determine the soil

properties. Thank you.



