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Consolidation

Welcome, I am Prof. J.N. Mandal, department of civil engineering in an institute of technology
Bombay. I will now show that how you can take the reading in a consolidated meter and you

have to take the reading after elapse time, let us see that.
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Here I am showing that 00.25 like that 1.09, 2.48 and you continue take the reading like that upto
14.40 minutes and this is the root T time in minutes, so this is for root this value is also given that
is 0 this is 0.5 this is 1, 1.5 like that you continue upto 14.40 that is it will be about 17.9 and this
is the root of T value, so you have to apply the load and initial load in a consolidate meter is

0.12, 0.2 kg/cm®.

You apply the load 0.1 to 0.2 kg/m* and it keep on take the reading in a dial gauge reading, so
this is the dial gauge reading starting from 16.634 then at a time of 0.2° then your dial gauge
reading is 16.392 like that you continue after the different elapse time you take the dial gauge
reading or a loading of 0.12 to 0.2 kg/cm?, if take the reading and this last reading is about what
16.243, okay.

Then again you start from the beginning that is next after the 14.40 hour and you in case that
load that is 0.2 to 0.5 kg/cm?and then you are taking the reading or the different time okay let us
say 0.254 you are taking the reading about 16.180 okay, it keep on reading like that under the
different elapse time upto 14.40 okay. And then at a load of increment of 0.2 to 0.5 kg/cm and
this lasted in his 16.101, so this was the 16.101 again then again you are engage the loading,

okay.

That is 1. 0.5 to 1.0 then you take the reading again that initial reading is 16.601 and under the
different elapse time you keep on take the reading and the after the 14.40 hour that is load of 0.5
to 0.10 you are having a dial gauge reading about over 15.539 then again you apply the load
increment 1 to 2 then keep on reading like that from 0 to 49 to put your, then again you increase

the load from 2.0 to 4.0kg/cm”and under the different elapse time you take the reading like this.

And then again finally 4.0 to 8. 0 kg/cm® increment loading then you take the reading, okay
under the different elapse time. So you know that how to take the reading with the incremental of

the load and after the loading again you require for unloading, so we can unload this.
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So this is the unloading let us say 0.0 and then at a time of 30 minutes you can see this was the
initial loading under the load of initially 8 to 4 kg/cm? then you unload it at particular time you
are having this targets reading 12.443 when you are unloading, then from 2 to 4 kg/ cm” and after
30 minutes 12.543 then 2 .0 to 1.0, 1.0 to 0.5, 0.5 to 0.2, 0.2 to 1.00 and then 0.1 to 0.0 and

ultimately you can have this dial gauge reading in 30 minutes, okay.

Then this is the unnecessary unloading condition, the earlier one it was the loading condition and
from this reading you can calculate the different value, I am showing that I have to calculation of

the void ratio right so that calculation.
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Calculation of void ratio, so this calculation of void ratio to calculate the void ratio you should
know what is specific gravity so let us say specific gravity of soil is G = 2.75 and you know that
height of the sample in a consolidate meter that is height of the sample let us say that is is equal
to H = 25mm then area of the sample that designated at A = 44.15 cm? you can calculate that
what should be the dry mass of the sample so let us say dry mass of the sample = 145 gram, then
you can calculate what should be the height of solid which is designated at h,= V/A that means
this is dry weight of soil this divided by G x A so for whereas you know that G = ps/ py= My/Vsx

pw SO you can write that Vs = M/ G y, so you know the V.

So Vs= M,/ G yy x A okay so just like we can write that dry weight of the soil that what will be
the dry weight of the soil/ G x A, so this you can write you know that what is that M you know
that what will be G value you know that this is y, = 1 so in place of V,you can write Vs = M;/ G
Yw, SO that means height of the solid that means h, we can write Vs = M/ G y,, okay. That means

you can write what will be the weight of the solid this divided by G and this is y,, x this is A.

So now if you substitute the value that diverse of the solid of the soil so this is M= 145 and G

value is given 2.75, y, is 1 and A value is given 44.15, so we can write that h, that means.
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Hiis a M/ G ywX A so this is solid is 145 okay so you can write 145 this divided by and G value
is given 2.75 so this is. While next we can write that hy= M,/ G X yyor p. X A so you know that
M; we have calculated dry mass weight 145 so you can write 145 this divided by G value is 2.75
so G value is 2.75 or a yy or py = 1 X the area 44.15 this is 44.15 okay. Now if we calculate then

we can write that height of the solid will be equal to 11 or 1.194 cm or is equal to 11.94 mm.

So we calculate the height of the solid is 11.94 mm, now you should know what will be the
initial height of void, okay. Initial height of void we know that in the beginning that height of the
sample was 25 mm so initial height of the void 25 mm — 11.94mm this is height of the solid, so
this if you subtract you can have the initial height of the void that is 13.06 mm, okay. So from

this you can calculate the, what should be initial void ratio.

And this is designated at e, so e, will be what will be the height of the void this divided by height
of solid, so what is the height of the void, height of the void 13.06 so you can write 13. 06/
height of the solid so here we calculate height of the solid 11.94 so this is 11.94. So if you
calculate then you can have the initial void ratio e, that is will be 1.09, so you can calculate that

what will be the initial void ratio that is 11.09.
(Refer Slide Time: 15:26)
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Now I will show you some specimen.
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Specimen calculation for consolidation test, some specimen calculation I am showing here that.
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Specimen calculations for consolidation test :
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This is the table for specimen calculation so initially we have to apply the load 0.1 kg/cm? to upto
8kg/cm* in to the soil sample okay. The you unload the sample that is 4 then 2, 1 then 0.5, 0.2,
0.1 and 0 so this part is the loading okay this is the load gap light in kg/cm” from 1 to 8 kg/cm?
you unload the sample that is 4kg/cm?to 0.1 kg/cm? then you take the final dial gauge reading so
you are starting reading is initially it is 16.68 this is 16.865 then 16.434 like that you are taking
this dial gauge reading.

And dial gauge reading you can say it is decreasing then at the load of 8 it is 12.410 so then you
have to determine that what will be the compression in mm, okay. I will show you one of the
under the loading of 0.1 kg/cm® and this is the dial reading 16.434 then what should be the
compression, okay under the loading of 0.16/cm? this I will only show you and then accordingly

you can also calculate what the other loading and also reloading, unloading.

So this is 16.43 so compression your d in(mm) is 16.865 — 16.434s okay, so you can have the

compression value 0.431 I am showing here that you are calculating that compression so okay.
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So let us say that at a particular loading when loading is 0.1 kg/cm? this is kg/cm® and then you
are taking what will be the final dial reading and let us say that at the 0 loading so you are having
the dial gauge is 16.865 and for this one loading you are having 16.434, so then you calculate
what is the compression okay in mm so compression will be 16.865 — 16.434 so this will give

you 0.431mm.

So you can calculate that what will be the compression, okay. That is compression is d. Now you
can calculate the, what should be the height of void, okay. Height of void that means h, = hy,,— d
this is d, so what is the hy,? So hyinitially we take the reading and for 0 it is your 1.09 okay and
for a load of 1kg/cm?® then height of void will be equal to let us say that this is height of void

during is equal to hy, — d.

That means initial void will be the 13.06 and then under the load of 1kg/cm? this is 16 point
12.629, okay. So this is the h, = hvo—d so what is hy? Hy,is 13.06 that means if I write 13.06 hy,
and this minus that 0.692 this one 692, 0.69 this is 2 so this will give you the value of 12.438 so
this value hy Vo— d will be equal to your 12.438 weight.
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Repeat so here I am showing one that calculation for the load increment called 0.1 kg/cm? ° *°

this is the final dial gauge region that is 16.865 and for 1th loading is 16.434, okay.
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Specimen calculations for consolidation test
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So here I am showing for 1kg.
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Loading that is loading is kg/cm® you are having the dial gauge reading 16.434 so compression
that is d in mm will be 16.865 — 16.434 so if you deduct you can have 0.431 so this is 0.431 that
is d compression, now height of the soil under o load it was 13.06 so height of the void is equal
to hy, — d so initially we have calculated that what is h,, so initial height h,, h,, will be equal to

here that initial height of the void 13.06 so initial height is 13.06.

So hy 13.06 as I showed you —d so hyo 13.06 — 431 that means 12.629 so we can write 12.629.
Now you calculate what will be the void ratio that is the e okay so void ratio = e = height of
void/ height of solid, okay. So initially this value initial void ratio value we have calculated
earlier that is e, = 1.09, so it is 1.09, okay. So 1, here 1.09 then next at 0.1 kg/cm? of loading so
we have to check what will be the void ratio, that means this is h, = 12.629 here 12.629/ height
of the solid. So height of the solid we calculated 11.94 so this is height of the solid 11.94. So
12.629 is the h, or a load of 0.1kg/cm? and height of the solid as I showed you height of the solid
is about 11.94, okay.

So 12.629/11.94 it gives 1.05 so here e value will be equal to 1.05 so it will be 1.05 then you
calculated A(e) okay change in void ratio so change in void ratio 1.05 — 1.049 that means it will
give -0.040 so we can write here -0.040 that is change in the void ration. So you can calculate
that what will be the change in the void ratio. So similarly you can calculate what will be the Av
does, a,and the m,. So a, can be expressed at cm?/kg and m, also can be expressed as cm*kg now

how to calculate the a, value, okay and how to calculate the m, value?
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I am showing it, let us say change in void ratio that is A(e) = e,— e; that is 1.05 — 1.09 so this will
be -0.04 what I showed you in this table that is 0.04 void ration change in void ratio, now
incremental, incremental load that is A 6 = 0, — 0, what is 0, is 0.1kg/cm? and initial loading = 0
so A o = 0.1 so this Ao = 0.1 because initial loading is 01 and this is 0, so 0.1 — 0 will give the A
o thatis 0.1

So this A of o = 0.1 that is kg/cm2 so this A o is kg / cm2, now we have to calculate that a. that
means coefficient of compressible reading so this coefficient of compressibility can be express as
ay= - Ae / Ac that means — 0.04 this is Ae = - 0.0 this divided by A of o that means this Ao = 0.1,
so if you calculate we can have the a, = 0.4cm2 / kg so you can calculate a, 4 kg/cm2 so we can

write this is a, value = 0.4 a, / this cm2 / kg so a, 0.4 kg/ cm2.

Now we have to calculate that what is m, that means coefficient of volume change, so m,
coefficient of volume change that is m of b so we know that equation m, = - Ae / 1 + e of 0 into
Ao, so this is — Ais — 0.04 / 1+ e0 means 1 + 1.09 we have calculated already here and this into
Ao is at a load of 0.1 Ac. So if you calculate this we can have 0.191 that is cm g/kg so this is
coefficient of balloon change m, = 0.19/ cm2, so we can write here m, that means 0.191 cm2/kg

so you know that e0 this value is known.



That is a 1.09 e, and get the o means increment we have calculated here 0.1kg so 0.1 kg so and A
you know 0.04 so you can have the value of m,, so we can calculate in this table all the value

what is the a, what is the m, value so this value is important.
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