Foundation Engineering
Prof. Kousik Deb
Department of Civil Engineering
Indian Institute of Technology, Kharagpur

Lecture - 06
Standard Penetration Test & Cone Penetration Test

So, in this lecture 4 I will discuss the corrections factors whose are recommended by the

ASTM and then I will go for the next test which is the Cone Penetration Test.
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SPT Corrections

The standard blow count N';ocan be computed as (ASTM D 1586) (American Society for Testing
and Materials)

N;U =C.-VXNX771 X, X 1T, X1],

where, n,= correction factors

;o= comected N using the subscript for the E, and the ' to indicate it has been
corected

E, = standard energy ratio value

Cy, = corection for effective overburden pressure p', (kPa) computed as [Lico
and Whitman, 1984]

1
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So, first as in the last class I have discussed the as per IS code there are two corrections
one is corrections due to overburden pressure another is a collect correction dilatancy

correction.

But as per ASTM or American Society for Testing and Materials we are recommending
five corrections; one is the corrections due to overburden pressure, then your hammer
efficiency correction, then the drill rod corrections, sampler correction and borehole

corrections.



(Refer Slide Time: 00:55)

+ Hammer Efficiency Correction

+ Drill rod, sampler and borehole corrections

+ Correction due to overburden pressure
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So, the hammer this is the corrections due to effective overburden pressure we can get
with this expression. So, where p 0 bar is the effective overburden pressure and which is

in kPa.
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Hammer Efficiency Correction

SPTis standardized to some energy ratio (E)

7 Actual hammer energy to sampler, £

: - %100
Inpui energy, I,

L, IW :

E, =—m=——' v=(2gh)*

Now. £, =om=o=" and (2gh)

1w
Thos £, = Eg(w’) = W = weight of hammer

h = height of fall
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So, now next one is the hammer efficiency correction. So, as I mentioned that the our
theoretical input energy is weight of the hammer into the height of free fall, but our
hammer efficiency is not same for different hammer. So, that is why our actual hammer

energy that we are applying in the field is different. So, that is why we will get an ratio



that is the some is energy ratio E r. So, this is the actual hammer energy by the input

energy.
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Correction factor r, for hammer efficiency

Different types of hammers are in use for driving the drill
rods. Two types are normally used. They are (Bowles, 1996)
1. Donut hammer with E, = 45 to 67

2. Safety hammer with E, as fellows:
+ Rope-pulley or cathead = 70 to 80
+ Trip or automatic hammer = 80 fo 100.
Now if E, = 80 and standard energy ratio value (E,) = 70,
thenn, =80/70=1.14
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And the correction factor is that E r divided by E rb. Now E rb is the energy by which we
are converting all the hammers to a standard energy. So, this is the energy by which we
can represent into the soil. So, that is why in this figure it is 70; this 70 means the 70 is
the E rb. So that means, the I mean all the hammers N value we have to convert to 70

percent energy.

So that means, E rb is the 70. So here so, we can see this is E rb is the hammer
efficiency. So, this is the hammer efficiency correction so, standard energy. So, that is
why standard energy ratio. So, you all the standard energy ratio will come back our N

value.

So, that is why the if for different hammer this E r value is different. So, this is for
different hammer as I mentioned in the last class this is the different values and you will
take the if the E r values 80, if we use the automatic hammer then the and the standard
energy ratio is E r b 70; that means, you have to convert it we are this E r is 80, but we

will represent them in 70.

So, basically we are applied more energy now we are we are representing in a lower

energy. So, our N value should be increase. So, that is why it is the 80 by 70. Now if our



applied energy is less and we want to represent it in an higher energy ratio then our N
value will reduce. So, but here our standard energy representing energy 70 which is less

than the applied, so the N value will increase. So, this is 80 by 70; 1.14.
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Correction factor 1, for rod length

‘Length >10m n,=1.00
6-10m =095
4-6m =085
0-4m =0.75

Note: N is too high for Length < 10 m

Correction factor n; for sampler
Without liner M5 =1.00

With liner: Dense sand , clay ~ =0.80
Loose sand =050
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Similarly, some correction factors for rod lengths are given. So, these are the tables we
can we can use this table for different rod length what would be the correction factor.

This is the rod length and this is the correction factor.

So, this table is can be used for the rod length correction then this table can be used for
the sampler corrections, when the different sampler tube because we are using different
sampler tube and if the sampler tube is different and depending upon there our N value

will also be will also influence.

So, that is why it is without liner if there is a liner and if there is not liner. So, there will
be different correction factor, if without liner the correction factor is 1 and with liner

dense sand is 08, loose sand is 0.9.
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Correction factor n, for borehole diameter

Hole diameter: 60-120mm  n,=1.00
150 mm =1.05
200 mm =1.15

Note: n,=1.00 for all diameter hollow-stem augers where SPT is taken through the stem
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So, similarly for the boreholes diameter depending upon the borehole diameters we have
to apply the corrections. So, borehole diameters if it is 60 to 120 millimeter this is the

correction factor is 0; otherwise 150 is 1.05; 200 is 1.15.

(Refer Slide Time: 05:12)
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* Example 1
Given: N =21, rod length= 13 m, hole diameter = 100 mm, p',= 200 kPa, E= 80; loose sand
without liner. What are the standard N';;and N, values?

Solufion
ForEx=70: Ny =Cy x Nxap xa, xap, 31,

C, =[95‘76]: =069 "
a0
1,=80/70=1.14; 1,2 1.0; 5= 1.0 ;= 1.0

Thus, N7, =0.69x21x1.14x1.0x1.0x1.0=17

Now E,xN,=E,xN, ;Thus, N;MZ(E]X”:ZU
60
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So, now this is a example problem. So, if the your measured value is 21, rod length is 13
meter, borehole diameter 100 millimeter and p 0 bar is 200 kPa, E r is 80, loose sand

without liner. What are the standard N dash in 70 percent standard energy ratio and the

corrected N value in 60 standard energy ratio?



Now, the your solution that E r b is this is the standard is given first past first case Er b
70. So, the this will be N dash 70 because our standard energy ratio is 70. So, these are
the expression. So, C N I will get from because your 200 p 0 bar is already given in 200
kPa. So, we can put directly here; it is kPa, remember that p 0 is always kPa if we put it

in this expression. So, it is 0.69.

So, our in a our correction factor for the overburden pressure is point 0.69, then
correction factor for the because E correction factor for hammer efficiency is E r divided
by E r b; here E r b is 70 and E r is given 80. So, this is 1.14 and it is given your rod
length is 13. So, it is in between greater than 10. So, it is 1. So, it is rod length correction
is 1, saying them when it is your loose sand without liner. So, it is without liner again the

correction factor is 1. So, it is without liner correction factor is 1.

Similarly, it is borehole diameter is 100 millimeter. So, it is in between 60 to 120
millimeter. So, it is again 1. So, it is again 1. So, finally, the N dash 70 will be 17.
Initially towards 21, now it is become 17. Now if I want to convert these things for N
dash 60. Then we can write this expression this is E r 1 into N 1 plus E r 2 into N 2. So,
your N dash 60 will be 70 divided by 60 to 17.

So because this is the standard energy ratio 1 into the N 1, so, N 1 is here your for the
standard energy ratio 17; 70 N 1 is 17. For standard ratio 60 what will be the N 1? So,
that is the case. So, it will further it will increase because now we are reducing this

energy ratio. So, it is ultimately 20.

So, this is the one particular example in terms of the corrections are required for ASTM.
Now, I will show you the, I will show you one example which is which I am using in
terms of the IS code. So, in terms of is code the problem is given that we have soil layer

which is saturated.
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So, water table is at the ground level and the gamma saturated gamma sat is 19 kilo
Newton meter cube and we have to determine the N value which is this depth is 7.5

meter from the ground level.

So, our N measured is equal to 50 and the soil type it is a fine sand fine sand. So, soil
type is a fine sand measured N value is 50. Now we have to apply the corrections and we

have to determined what will be the corrected N value.

So, first correction is for the N dash overburden pressure which is C N and N so or N
measured here this is the N. So, now, C N we need to know the as per IS code we use
this chart that I have shown you in previous class, so, you use that chart and in this chart

it is given ton per meter square.

So, but the p 0 bar p 0 bar or p 0 dash here is it is fully saturated. So, here it will be 7.5
into as I mention this will be the gamma sat minus gamma W; unit weight of water 7.5 is
the height. So, 7.5 minus 90 19 minus 10; the unit weight of water we are assuming 10;

you can consider 9.81 also, but most of the cases in this course I will consider it is 10.

So, this will be 7.5 in to 9, so, this value is 67.5 kilo Newton per meter square because
this is 19 kilo Newton per meter cube. So, this is 10 kilo Newton per meters cubed, this
is kilo meter per meter square, so, in terms of ton. So, this will be 6.75 ton per meter

square.



Now, if you look at that chart so, corresponding C N value corresponding 6.75 ton
because as I mentioned if it is 10 then you see it if it is 10 ton per meter squared your C
N value is exactly 1, but if it is less than 10 tons per meter square so, your C N value is
greater than 1; if it is less than if it is greater than the 10 ton per meter square plus C N

value is less than 1.

So, yeah definitely C N value will be greater than 1. So, from the chart the C N value is
coming out to be 1.1. So, this is from the chart. So, we will get the N dash value is equal
to 1.1 into 50. So, it will be 55 which is greater than 15 and it is saturated as well as it is

fine sand, it is fine sand and it is saturated also or fully saturated.

So, we have to apply the dilatancy correction this is greater than 15. So, that the
dilatancy correction you know this is N double dash which is equal to 15 plus half into N
dash minus 15. So, this is 15 plus half N dash is 55 minus 15. So, this is coming out to be
35. So, my final corrected value after applying both overburden correction and dilatancy
correction the N dash value is N double dash value is 35, whereas, measured value was

50.

Now, this problem will be slightly different if the water table is not at the ground level,
suppose this is just if the water table is suppose this is it is say 2 meter below the ground
level. So, the if this is the water table location is here and this gamma bulk is say 19 kilo
Newton meter or gamma bulk is slightly less is 17 kilo Newton per meter and gamma sat

is 19 kilo Newton per meter.

So, in that case your p 0 bar value will change. So, p 0 bar value will be in that case 17
into 2 plus 5.5 into 19 minus N. So, this is the only difference after that. So, based on
that you calculate the p 0 bar and then from the chart you calculate corresponding C N if

it is greater than 15 you apply the dilatancy correction.

So, that is why the position on water table and based on that. So, here the total soil is
fully saturated; first case we have consider the two cases the first case the total soil is
fully saturated so, I am saturate it unit weight is 19 kilo Newton per meter cube. So, we

calculate this value. So, this is coming out to be 67.5 kilo Newton per meter square.

Now, if the total 7.5 meter is fully saturated. Now if the water table is 2 meter below the

ground level then first 2 meter is not fully saturated whereas, the unit weight is or bulk



unit weight is 17 kilo Newton per meter cube and the saturated unit weight as it is 19 kilo

Newton per meter cube.

So, in that case p 0 bar will be 17 into 2 plus this is the 5.5 because totally 7.5, so, 5.5
into 17 minus 10. So, you calculate this p 0 bar and then do these things again so as it is.
So, this is the two example problems that we are doing for two cases, first one is for as

per ASTM and the second one is as per IS code.

(Refer Slide Time: 16:38)
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for oyerburden 1= 2 4 0y: C%':—
Ql'm) ¢, (kPa) consistency visual identification
0-2 0-125 very soft Thumb can penetrate > 25 mm
2-4 12.5-25 soft Thumb can penetrate 25 mm
4-8 25-50 medium Thumb penetrates with moderate
b effort
8-15 50-100 stiff Thumb will indent 8 mm
15-30 100-200 very stiff Can indent with thumb nail; not
thumb
>30 >200 hard Cannot indent even with thumb nail
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So, as I mentioned that here based on the calculated N value or the corrected N value we
have some correlations. So, based on that we can determine what type of soil it is. So, for
example, there are in table is given if N value is for the clay if N value is 0 to 2 then the
cu value is 12.5 and that means, cu value is 12.5 means your undrained shear strength is

to cu that is cu is qu by 2 this things I have already mentioned.

So, this is we can so, the consistency is very soft if your cohesion value is 0 to 12.5 kPa
the soil is termed as very soft; if these 12.5 to 25 it is soft, 25 to 50 medium 50 to 100
kPa stiff, 100 200 kPa very stiff, then greater than 200 kPa it is hard and these are the
video visual identification you can get this information. So, these are the correlation N

corresponding cu and the type of soil.
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SPT Correlations in Granular Soils
(N D, (%) consistency
/
not corrected for 0-4 0-15 very loose
overburden
410 15-35 loose
10-30 35-65 medium
30-50 65-85 dense
>50 85-100 very dense
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Similarly, we have similarly we have this is the corrected here. These both case these are
correlation was not corrected for overburden remember that here overburden correction
is not applied. So, as I mentioned these correlations are given for different conditions
sometimes it is with the only measured valued with the corrected values applying all the
corrections with the corrected value applying some correction not applying other

correction.

So, this is the so, we have to a careful which correlation you are using. So, and these

conditions you have to satisfy. So, this is the correlation not corrected for overburden.

Similarly, for the for the sandy soil this is the N value corresponding relative density and
the type of soil because this is the consistency because in the consistency in the sandy
soil or the granular soil we represent it in terms of relative density and for the clay soil in

terms of the cohesion or the undrained cohesion.

So, this is the N value corresponding relative density and the type of soil. So, this is the 0
to 15 is what a very loose and 85 to 100 is very dense or greater than 85 is very dense.
So, and this is the corresponding N dash 60 60. As I mentioned 60 is the that standard

energy ratio.

And then once we get these; so, there are other correlations available. So, I am not

representing all the correlations for so, any here I am not giving you if you the have any



standard text books or the book reference that I have giving in one in those books you
will get other correlations also. So, you can use those correlations. So, I am giving one or

two correlations or one or two standard a table that we are generally using.

(Refer Slide Time: 19:56)
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So, next one is the once we conduct these SPTTA. So, this is the final borehole logs. So,
these borehole logs this side the description of soil this is the R.L. or the depth where we
are conducting the SPT and this is the legend we are for different soil type like showing
them in different way and this is the depth this the R.L. this is the depth and this is

sample.

Now sample here it is mentioned R and U; R mean the representative soil u in the
undisturbed soil so; that means, here you can see its the clay soil this portion is clay
where we can collect the undisturbed soil sample, but these are all sand where the
collection of undisturbed soil sample is very difficult. So, that is why we are collecting
the disturbed sample or the representative sample and then so, in the sandy soil we are

getting the N value because as we are not able to collect the undisturbed soil sample.
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If you collect the undisturbed soil sample then we can use them to determine the strain
properties of the soil. So, we are get the qu value; qu means the unconfined compressive
strength of the soil. So, cu you will get cu is equal to qu by 2. So, here as it is the
undisturbed soil sample we can use determine the C value, but here it is not the
undisturbed soil sample it is the disturbed soil sample. So, here we will get the N value.
So, finally, this is the 6 18 20 50 62 50. So, these are the N value. So, and here the refusal
is given at 30 meter depth and what are the condition for refuel refusal I have already

mentioned.

So, here this is the measured N value, now after that you have to apply the corrections
and you will get the corrected N value. So, this is the end of our standard penetration test
part. Now these are the references so, that we are those these are the common references

I am using for all the all the classes.

So, next one that I will go is for the is our the penetration test that is. So, so, next one is
the penetration test which is another indirect method. So, we have go for the standard

penetration test previous class and this class now will go for the cone penetration test.
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Cone Penetration Test (CPT)

Dynamic cone penetration test (DCPT) Static cone penetration test (SCPT)

@ similar to SPT; hammer driven  pushedinfo the ground @ 1 cm/s

@ Using cone instead of split spoon @ gives confinuous measurements

closed end; no
samples

-  gives blow counts @ 1.5 m depth intervals
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So, this is also another indirect method. So, the cone penetration test, it is two types one
is the dynamic cone penetration test or DCPT another is the static cone penetration test
or SCPT. So, the difference between these two is the dynamic cone penetration test is
similar to the SPT that means, we have to apply the hammer blow to drive the cone and

what static cone penetration test we are not applied any hammer blow.

So, we are pushing it into the soil it a particular rate, so, here 1 centimeter per second.
So, with a 1 centimeter per second rate we are pushing this cone into the soil. So, and the

another difference is that in DCPT we are using the cone instead of split spoon sampler.

So, in the SPT we are using the split spoon sampler, but as DCPT is similar to the SPT.
So, but the difference between DCPT and SPT is there in the SPT we are using the split
spoon sampler. So, we can collect the soil sample, but in the DCPT we cannot collect the

soil sample. So, it is the solid cone, but in case of SPT issuer it was a hollow tube.

So, so, here also we can conduct the test at the rate of 1.5 meter interval. So, and another
similarity between SPT DCPT is that here borehole is required. So, in the SPT also we
required borehole. So, at a particular depth we conduct the SPT, CPT also borehole is
required. So, we cannot get the continuous data through these tests. So, we get the data
with certain interval with certain depth interval where we are conducting the test. So, if

that interval is 1.5 meter not more than 1.5 meter; So, interval, but in SCPT as we are



pushing these things into the soil and we are continuously measuring the data. So, you

will get the continuous measurement in case of SCPT.

(Refer Slide Time: 25:08)
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Static Cone Penetration Test

+ The Static cone penefration test, which is also known as Dutch Cone test, has been
standardized by “IS: 4968 (Part-lll)-1976 - Method for subsurface sounding for soils - Part |l

Static cone penetration test”.

+ The equipment consists of a steel cone, a friction jacket, sounding rod, mantle tube, a

driving mechanism and measuring equipment.

* The cone have an apex angle of 60° * 15" and overall base diameter of 35.7 mm giving a

cross-sectional area of 10 cm2,
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So, the first I will discuss about the SCPT then I will go for the DCPT. So, the this is the
some description that so, this as per 4968 IS code, but III 1976. So, this is the static cone
this equipment consists of a cone friction jacket sounding rod mental tube and a driving

mechanism and measuring equipment.

So, this is the SCPT the cone have a apex angle is 60 degree plus minus 15; second
overall base diameter is 35.7 millimeter and the cross section area of the cone is 6 10

centimeters square.
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+ The friction sleeve should have an area of 150 em? as per standard practice.

+ The sounding rod is a steel rod of 15 mm diameter which can be extended with

additional rods of 1 m each in length.

+ The driving mechanism should have a capacity of 20 fo 30 kN for manually operated

equipment and 100 kN for the mechanically operated equipment.
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So, the there is a friction sleeve we can area of 150 centimeter square and this is the
sounding rod 150 millimeter diameter which can be extended with the addition rod of 1
meter for each length. So, which is common for any test whether it is SPT or DCPT or a
CPT so; that means, you have you can add the drawl a rod and you can increase the
required depth of there of the test. So, that mean you can increase the rod length by

adding one after another and you can do the conduct the test for up to the required depth.

(Refer Slide Time: 26:48)
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Operation of Penetrometer

The sequence of operation of the penetrometer
as follows:

Sounding rod

;; il + Position 1: The cone and friction jacket
i o bly in a collapsed position.
i “1 ‘f Bottom mante wbe  ASSEMIOIY P! P
i il 5\5‘ » Position 2: The cone is pushed down by the
L i \ Fricion jucket inner sounding rods o a depth a unfil a collar
i | i engq%es the cone, The pressure gauge records
g i the total force Q. to the cone. Normally a = 40

Position |

<5

Position 2

Cone assembly

Position 3 Position 4
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So, here the driving mechanism should have a capacity of 20 to 30 kilo Newton and it is
for manually operated equipment and 100 kilonewton for mechanically operated
equipment. So, these are some informations. So, here the some this is the procedure
which is explained here, but you cannot read this procedures that how it is been
explained, but I will show you with the help of animation. So, that will be I think that

will help you to understand these things in better way how these equipments are actually

works.

(Refer Slide Time: 27:12)
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Operation of Penetrometer

+ Position 3: The sounding rod is pushed further to
a depth b. This pushes the friction jacket and
the cone assembly together; the force is Q,
Normally b = 40 mm.

<y
SN
SN

— Sounding rod

b

4|t 8

Vi I |

H1(H il aH%

] v’s :s il Bottom mantle tbe

NSHRNS il - : '

ot i ! il + Position 4 The outside mantle fube is pushed
i £ i it i down a distance a + b which brings the cone
il ! !! A N|B S ricion ke assembly and the friction jacket to position 1.
@ L 3 The fotal movement =a + b =80 mm.

A
f

H
H
o
i
H
i

Position |

N

&

Position 2 Cone assembly

Position 3 Position 4
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So, this is the there are basically the four steps or four position by which we can conduct

this test.
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Static Cone Penefrometer test
Soundingrod —
Mantle tube —

Friction jacket __|
assembly
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So, first position is that so, as I mentioned there is the four components one is the
sounding rod, one is the mental tube, friction jacket assembly and cone assembly. This is
the sounding rod, this is yellow one is the mental tube, this black one is a friction jacket
assembly and this one is the cone assembly. So, this is the and this is the overall picture

of the of the cone.

So, now the this is the first stage. So, what we will do I will push the this total sounding
rod along with cone assembly is pushed by 40 millimeters. So, this is 40 millimeters it is
not visible here. So, I can write for you. So, this is 40 millimeter. So, so, this is 40
millimeter. So, first stage sounding rod along with the cone assembly is pushed by 40

millimeter. So, we will get a resistance which is given by the soil.

So, that resistance is measured. So, that will give you the cone resistance. So, that is the
it is the advantage of the cone static cone penetration test is that here the cone resistance
and the frictional resistance we can calculate separately. So, that will be helpful for our
pile load carrying capacity design because we know that pile it has the cone resistance

and it has the friction resistance.

So, here first stage the when the sounding rod along with the cone assembly is pushed
into the ground by 40 millimeter will measure the resistance that will give you the cone
resistance which is the q c. So, you will get the q ¢ which is the cone resistance. In the

next stage in the this is the same stage in the next stage your sounding rod, cone resist



cone assembly and the friction jacket all three are pushed into the ground it further 40

millimeter.

So, here the friction jacket and cone resistance both are pushed into the ground the
resistance that [ will get it is the total resistance. So, I will get initial stage I will get the
cone resistance next I will get the total resistance. So, if I subtract the cone resistance

from the total resistance so, I will get the frictional resistance.

So, and in the third stage what I will do what it is done that this is the second stage you
know third stage the mental tube is pushed by 40 millimeter and in the fourth stage final
stage your mental tube and the friction jacket both are pushed by 40 millimeters. So, total
80 millimeter penetration is there 40 plus 40 and this fourth stage is the original stage

when we started the test.

So, these are the four stages first stage we penetrate the sounding rod and the cone
assembly will you get the cone resistance in the second stage we will push the sounding
rod friction jacket and cone res a cone assembly. So, you will get that total resistance. So,
if I subtract the cone resistance from the total resistance I will get the friction resistance
and in the third stage the mental tube is pushed by 40 millimeter and fourth stage metal
tube and the friction jacket assembly is pushed by 40 millimeters.

So, total 0 millimeter penetration we will get the friction resistance as well as the cone

resistance separately.

So, here I will finish this class and in the next class I will discuss that what are the
correlations. How I will correlate these static cone penetration values with the soil

parameters and then I will discuss the dynamic cone penetration test also.

Thank you.



