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Lecture - 18
Geotextiles (Contd.,)
Hello everyone, today's topic is testing of geotextiles. In geotextile part, we have discussed the
functions, the characteristics, applications. In addition to all these testing and characterization of
geotextile is extremely important, because the total structure, the performance of total structure
geotechnical structure or civil engineering structure depends on the characteristics of geotextiles.
(Refer Slide Time: 00:59)

Tests on geotextiles are conducted in TWO different ways

A) Index tests or in-isolation tests: Tests are performed only on
geotextile itself

B) Performance tests: Tests are performed along with sites
specific soil and conditions

* Physical
+ Mechanical
* Hydraulic
~ + Endurance
(Q Degradation

So, if we divide the test for geotextiles we can divide into 2 broad ways. So, first is index test
that is in isolation test, where we do not need any field trial field tests or the textile material is
tested separately in isolation. And if you want to know the performance characteristics that is
performance test is required, this performance test is carried out with the site specific soil and
conditions, we should take the specific soil and we should create the particular condition during

test, so that we can actually predict the performance of geotextile in use.

The index test is simple, it is quick. On the other hand the performance test, it is time consuming
and it requires a different setup. So among the qualities or characteristics of geotextile, they are
divided into 3 categories mainly, one is physical category physical test, which deals about the

physical characteristics of geotextile material, mechanical tests and hydraulic test. Apart from



this there are endurance test and degradation test. So, endurance test it is basically combination

of mechanical and hydraulic characteristics and degradation is mainly related to polymer
characteristics.

(Refer Slide Time: 03:05)

Physical Properties - Geotextiles

« Specific gravity

* Mass per unit area
* Thickness

+ Stiffness

0
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So, in terms of physical properties, they are mainly specific gravity, mass per unit area,
thickness, stiffness, they are very important characteristics as far as geotextile is concerned.
(Refer Slide Time: 03:20)

ASTM D792 for Specific gravity
« Specific gravity defined as “the materials unit volume
weight to that of distilled, de-aired water at 27°C
temperature”
* Pycnometer method or density bottle method -~ Used to
determine Specific gravity.
* Floating sinkers are used for testing materials. g, 187
. 1 Rock 24
Typical values P 27
Polyester  1.22to 1.38
PVC 1.69
Nylon 1.05to 114
(‘) PE 0.90t0 0,96
wpaL PP 0.91

And specific gravity if we see, it is defined as the material present per unit volume of that is the
material in unit volume. So, whatever material present per unit volume and if we take the ratio
with the density of the distilled water, so that we will get the specific gravity it is measured

using pycnometer method or density bottle method, where floating sinkers are used for testing



materials. The typical value we see if we compare it is a rock the density is 2.4, polyester its
changing from 1.22 to 1.38, polypropylene 0.91. So, for designing geotextile we must know or
we must measure the specific gravity.

(Refer Slide Time: 04:23)

BS EN 9864; BS EN 965; ASTM D5261; AS 2001.2.13
for Mass per unit area

* Cut 5 - 10 samples, each of an area not less than 10,000 mm?,
* Test specimens size 100 mm x 100 mm
» Combined total area of not less than 100,000 mmZ,
+ Measure the dimensions without applying tension.
* Measure the mass of samples accurately to 0.01 g
+ Mass per unit area = total mass/total area
» Report in g/m? to the nearest 0.1 g/m?
rjcost of geotextile directly depends on its weight.

Then mass per unit area is very important, the tensile characteristics mainly correlate with the
mass per unit area of material. So, here are the materials are cut in a specific dimension. And the
material then is its weight its mass is taken and that when we divide the mass with the area, we
get the mass per unit area, while measuring the dimension you should take precaution it should

not be stretched.

So you should cut the material without any tension. So mass per unit area is total mass by total
area. And cost of geotextile is normally it depends on the weight of that is mass per unit area of
geotextile.

(Refer Slide Time: 05:30)



BS EN ISO 9863-1; ISO 9863-2; BS EN 964-1; ASTM D5199;
AS 2001.2.15 for Thickness

* Thickness is given by the distance between upper and lower
surface of the fabric at 2 kPa pressure, and expressed in mm.

* Thickness - Woven geotextiles 0.25 to 1 mm and Nonwoven
geotextiles 1to 10 mm and above.

* Thickness of geo-grids and geo-membranes are measured
under a normal pressure of 20kPa.

-((‘jmpressibility is the change in thickness with pressure

Thickness is basically it is given by the distance between upper and lower surfaces of the fabric.
For textile material we take the pressure 2 kPa pressure, because the material is normally it is a
compressible material, most of the geotextiles are compressible. So we must specify the pressure.
If we see the range of thickness, the woven or heat bonded nonwovens are thinner. So, woven
geotextiles the range of thickness is 0.25 to 1 millimeter, sometime it can go beyond 1

millimeter.

And nonwoven if we see the thickness range from 1 millimeter to 10 millimeter and above, we
can get very high thickness, this thickness is very important for the drainage and filtration
application and also you must know the compressibility of geotextile because, with the
compression, the flow characteristics also change. When we measure the thickness of geogrid or
geomembrane, we try to keep higher pressures that is 20 kPa pressure is used as the standard. So,
these geotextiles as | have mentioned, these are compressible. So, you must measure at certain
pressure that is 2 kPa for a compressible geotextile we measure the thickness at 2 kPa pressure.
(Refer Slide Time: 07:22)



Stiffness

+ Stiffness is a measure of interaction between the geotextile weight and
its bending stiffness and expressed as mg-cm.

* A 25 mm wide strip is made to incline at an angle of 41.5° under its own
weight, and the overhang length (L) is measured.

+ Stiffness (mg-cm) = (L/2)* x mass per unit area

+ Subgrade CBR Stiffness requirements (mg-cm)
<0.5 15000 - 25000
1-2 5000 - 10000
>2 ~1000

+ The property is important in field workability requirements for
installation of geotextile
.} If the soil is very poor or California bearing ratio (CBR) value is very
= less, the stiffness of geotextile required is very high

Next coming the important characteristics for geotextiles it is a stiffness. Stiffness as we know,
for apparel fabric, the stiffness is important for the comfort characteristics, tactile comfort, or for
home furnishing mainly, it is related with the drape, but for geotextile stiffness is extremely
important for application with the different types of soil. Now, the measurement techniques of
stiffness is similar to that of apparel textile.

(Refer Slide Time' 07:58)
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Here the stiffness tester like Shirley stiffness tester can be used the length, overhanging length

which is making 41.5 degree angle, that overhanging length is taken as stiffness. So, higher the,
this length, higher will be the stiffness. So, 25 millimeter approximately 1 inch wide strip is
made to incline at an angle of 41.5 degree and that length is measured and the stiffness value is

calculated by this formula that is stiffness in milligrams centimeter is equal to L / 2.



L is the overhanging length by 2 cube multiplied by mass per unit area, that is the stiffness
equation. So we can get the stiffness value. Now, how this stiffness value is important for
geotextile. Let us assume there are 2 types of soil.

(Refer Slide Time:“ 09:27)
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This is soil 1 very soft soil and here another soil which is hard soil. Now, these 2 soils, for these

2 soils we have to lay geotextiles, here geotextile is laid for the separation purpose. Suppose this
is stone, these are the stones. Now, here | am putting geotextile this is geotextile and here we are
putting geotextile. Now, before selecting geotextile, we must know the characteristics of soil.
This soil being a very soft they will get deformed easily, the geotextile will get deformed very

easily by applied pressure.

But here the soil is hard the deformation will be less or negligible deformation. Now if you want
to use geotextile with the soft soil in that case, we have to select geotextile with a higher stiffness
value, so that this deformation is not that high, ultimately this structure will remain intact. On the
other hand, if we use here with the soft soil if we use the flexible geotextile with a lower stiffness

then the structure may get distorted.

So, that is why the stiffness selection is extremely important for the geotextile application. Here,
if we say this table, the subgrade CBR, California Bearing Ratio, this California bearing ratio is

one parameter that | will discuss in detail. This is the parameter which shows the stiffness of or



compressibility of the soil higher this value, the stiffer will be or the harder will be the soil. So, if
it is very soft, the value is less than 0.5. In that case we need the geotextile with very high

stiffness.

So, 15,000 to 25,000 is selected for the subgrade soil with CBR value less than 0.5. But on the
other hand, if we use the heard sub soil in that case like more than 2 in that case we can have
geotextile with lower stiffness like around 1000 milligram centimeter. So, this way, we have to
select the stiffness. So, for soft subgrade we always select the stiffer geotextile for example, the

heat bonded nonwoven fabric we may use.

Or sometime we use in combination. The property is important in field workability requiremen,t
as | have already discussed for installation of geotextiles. If the soil is very poor or California
bearing ratio CBR is very low, in that case we need stiffer geotextile.

(Refer Slide Time: 13:35)
Mechanical Properties - Geotextiles

* Tensile Strength + Tear Strength
* Fatigue strength + Compressibility
+ Seam Strength * Friction behavior .

* Puncture tests
* Burst Strength
+ Pullout tests

* Impact strength

Now coming to mechanical properties, there are a large number of properties. We can test tensile

+ Direct shear

strength, fatigue strength, seam strength, bust strength, impact strength, tear strength,
compressibility, frictional behavior, puncture test, pullout test, direct shear test, these are the tests
we must perform to get the characteristic to get a clear picture about the performance of
geotextiles. So, we will discuss one by one.

(Refer Slide Time: 14:22)



Tensile strength on Geotextiles

+ Wide width tensile strength (ASTM D4595 and ISO 10319)

+ Very wide width tensile strength test

+ Grab tensile strength (ASTM D4632)

« Narrow strip tensile strength (ASTM D4751)

+ Sewn seam strength of geotextile (ASTM D4884 and ISO 13426)

+ Trapezoidal tear strength test

(¥

So, as far as tensile strength is concerned here, it is not like the apparel tensile characteristics. In
apparel fabric, we use the strip test, where the width of the strip is very low, but in geotextile,
this strip test result will not actually simulate the actual field condition. In actual application in
field application we need wide width tensile testing as per ASTM D4595 or ISO 10319 system.
So, the width is very wide, we can perform grab test to simulate actual condition, narrow strip

test for only comparison, but it will not simulate the actual condition.

Sewn seam strength of geotextile can be done because actually geotextile the size we get is less
than actual application, for that we need to stitch so the stitch strength we should get, trapezoidal
tear strength is required, because in case of any puncher, this puncture should not propagate.
(Refer Slide Time: 15:51)



Wide width tensile test

* Prepare specimens of size 200 mm wide x 100 mm length inach
warp and weft direction.

* Machine strain rate is 10£3% per min

» The reason for selecting wide width sample is that geotextiles
(specially nonwoven) achieve high poissions ratio value from
narrow strip test.

+ Mount the specimen centrally.
* Tesnile strength measure as Toqqteyiie = Fb/ W (kN/m)
Fb = Observed breaking force (kN), and
G)W= Specimen width (m)

NPTEL

So wide width test here sample width is 20 centimeter and length is 10 centimeter. In case of
woven fabric we have to test both in warp and weft directions. So, machine strain rate is
specified as per standard it is 10 plus minus 3% per minute. The reason for selecting the wide
width sample is that geotextile, particularly nonwoven achieve high poissions ratio from narrow
strip. So, that will not give actual result. So, to reduce the poissions ratio, so, we perform the

wide width test, that is sample is mounted centrally.

And tensile strength is measured in terms of kilo newton per meter. So, per unit width, we get the
tensile strength value, in the strip test for apparel we do not get in this form normally get in terms
of gram per tex or centinewton per tex format.

(Refer Slide Time: 17:01)



Wide width tensile test

Tensile force

Geotextile

200mm

%

NPTEL

(Refer Slide Time: 17:11)
Very wide width tensile strength

* For some specific design purpose, the very wide width tensile test
is recommended.

L=0.5W 1000 mm

0 | |

NPTEL

This is the test this the diagram shows the dimensions 200 millimeter and 10 millimeter, for very
wide width, the dimension is the width is 1 meter and the length is half of the width. So, this is
some time recommended for geotextile application.

(Refer Slide Time: 17:29)



Narrow strip tensile strength

+ Narrow strip sample size 75 mm x 25 or 50 mm.
+ Strain rate 300 mm/min

* Tensile strength appears to be less than
wide width tensile strength.

* Not recommended as design value.

)

Narrow strip, we can test for just getting the idef;, the index value we can get, the tensile strength
appears to be less than the wide width tensile strength. As | have already mentioned, this test is
not recommended for geotextile design only for getting the idea about the tensile characteristics.
(Refer Slide Time: 17:58)

Multifilament woven

Monofilament
woven

Slit-film

woven Needle punched nonwoven

Heat bonded nonwovem

Stress

Strain

As | have already mentioned earlier along with the tensile strength value, we must get the total
stress strain curve. So, from there we can get an idea about the performance at lower strain. Now,
for example, if we take the heat bond nonwoven and needle punch nonwoven there, if we see the
needle punch nonwoven is having higher baking strength than heat bond, but at lower strain, the
heat bond nonwoven is stiffer. So, accordingly, depending on our requirement, we can select for
that we need to have total stress strain curve.

(Refer Slide Time: 18:57)



Grab tensile strength

+ Construction survivability test
+ Especially for separator applications in pavement
+ 25 mm narrow width grips are used to test the specimen;
+ Loading rate is 300 mm/min {
+ For, nonwoven geotextile, the effects are more than 0. ’ Bl WSS
woven geotextiles.
* Tensile strength expresses as kN. 7 e
+ As the sample is partially clamped, stress is not i
propagated in entire width of the sample. e

0 e
sOUrENPTEL

Now, grab test as far as geotextile is concerned, the grab test is extremely important. This is for

construction survivability test. Tensile test gives an idea about the mechanical characteristics, but
grab test most of the condition the geotextiles are subjected to grab test like situation. In grab test
the geotextile material a sample is not gripped throughout the width, it is gripped at center, this

situation normally occurs during application.

Now, here if we see it shows 3 stones of certain dimension and it is placed over geotextiles and
beneath the geotextile its there are soft soils and here geotextile is acting as separation and
reinforcement purpose. Once the load is applied on this top stone.

(Refer Slide Time: 20:38)
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I will show here now here this is a geotextile, this is geotextile. Below that there are soft soils
and above the geotextile say this is one stone, another stone this gravel so there now, once the
load is being applied on this stone due to the downward force these 2 stones will try to move
sideways and due to the contact point and at this point of geotextile, geotextile will be pulled. So,
this zones are not being pooled. This is creating one situation.

This is geotextile and here there is a grip. So, 1, 2, 3 this is grip, second grip at this point and this
is third and they are trying to pull the, similar situation which is actually created here like has
been tested in grab test. So grab test is important characteristics and as | mentioned, it is
especially for separation application in pavement. So 25 millimeter narrow wide grip is there,
loading rate is that is the strain rate 300 millimeter per minute.

Nonwoven geotextiles the effects are more than woven geotextiles. So, it is expressed in kilo
newton. So, as the sample is partially clamped, the stress is not propagated in the entire specimen
and which is actually simulating the actual condition.

(Refer Slide Time: 23:07)
Grab tensile strength....cont

* Grab tensile strength is required to design the geotextiles for
separation. When pressure is applied to the upper stone, it
spreads the two lower stones laterally. As a result, tension is
mobilized in the geotextile. It is analogous to the grab tensile

strength test

Applied Pressure

Ay

Geotextle \
¥ Subgrade
g DI X
VAR TR S
,{ﬁ ¢ » W
{ °

e W et

Lateral in-plane deformation after

Wil model for grab tensile
strength (Initial condition)

So, this is the diagram. These are the diagrams, the grab tensile strength is required to design the

application of load on upper stone

geotextile for separation application. When pressure is applied to the upper stone, it spreads the 2
lower stones laterally, it is trying to spread. As a result tension is mobilized on the geotextile and
it is just analogous to grab tensile strength.

(Refer Slide Time: 23:39)



Grab tensile strength....cont

PUS— . .__.

: Analogous grab tensile test (lab model)
) |
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(Refer Slide Time: 23:45)
Grab tensile strength....cont

D = Diameter of stone T
;= Initial length = D/2 + D/2 +DI2

I¢= final length = D+2 (DI2) 2 g

T 14q¢ = required grab tensile strength
Without any stone breakage or A, = Applied pressure
slippage, maximum strain in D,= Maximum void diameter = 0.33D,
geotextile can be expressed as, D, = Average stone diameter

Dy (p,D,D
_l/‘lfx100=|n+zil'[7+7+7 L
I 3D 3

reqd = Ap (Dy)2€ (Gioud, 1989

®
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These are the grips and dark blue color and this is the specimen. Now, as per Giroud, he has
proposed one empirical equation, we can get the grab test by this empirical equation. If, you see
the diameter of stone D, let us see it is a average diameter all the stones are of having this
diameter and here this is the diameter D and it is assumed that the space between the lower 2
stones are D / 2. So, total area here total area it is D / 2 and the total length initial length is that
thisD /2, D/2and D/ 2 this is the, from this point to this point.

So, this is the total initial length is 3D / 2 and final length D, this is D it has come inside D and D
/2 and D/ 2. So, this is | 1 and this one is | 2. So, if we take the strain in this case, the strain is

33% or 1/ 3, .33 is the strain and T required is A p is the applied pressure from the top, we



know the if we know the applied pressure and maximum void diameter, this void diameter
maximum void diameter for the stone system with a diameter D is 0.33 and D a is the average

stone diameter.

So, this equation can be used to calculate the required grab strength. So, if we know the required
grab strength from all these data and if we know the actual grab strength of textile material, we
can calculate the factor of safety.

(Refer Slide Time: 26:00)
Grab tensile strength....cont

Problem: Tire inflation pressure is 450 kPa. Average stone
diameter is 30 mm. Assume the geotextile is placed beneath the
stone base course, Calculate required grab tensile strength of the
geotextile. Assume 60 % of total ultimate grab strain will mobilize.

Solution:
Total ultimate grab strain = 33%

So , the mobilized grab strain = 0.33 x 0.6 = 0,198

T reqe= 450X (0.33  0.03)2 x 0.198= 8.73 N

®

So, this is a simple problem. The tire inflation pressure which is actually actual, the applied

pressure, it is 450 kilo Pascal, the average stone diameter is 30 millimeter, assume the geotextile
is placed beneath the stone base course, that is stone base courses there, calculate the required
grab tensile strength of geotextile. So, we have to calculate the T required, required grab

strength, here assumption is that 60% of the total ultimate grab strain is being utilized.

So, here in this condition we have not considered any slippage. So, 60% strain is being used
means there is 40% slippage to plus during this sliding, so, if we assume that the grip is proper
there is no sliding then it will be 0.33, if 60% is being used that means, actual mobilized grab
strain is 0.6 multiplied by 0.33. So, 0.33 is that is 1 / 3 that strain, so, that strain multiplied by
0.6. So, 0.198 is the actual strain of geotextile.



So, we know this pressure and here it is a 30 millimeter diameter, 30 millimeter diameter means
0.03 meter, the unit is in meter, 0.03 meter is the diameter of the stone average diameter. And if
we go back to earlier slide, the D v is the maximum void diameter which is 0.33 into average
diameter. So, this D v so, 0.33 into average diameter square multiplied by 0.198. So, the required

grab strength here is 8.73. So, if we want say factor of safety of say 4 or 5.

So, if we want a factor of safety of 5, so, we must have on material geotextile whose grab
strength will be 8.73 multiplied by 5. So, typically, we try to keep higher factor of safety in
geotextile application, because they are there for protecting the structure.

(Refer Slide Time: 28:49)
Trapezoidal tear strength test

+ One of the tests to ascertain construction survivability.

+ Initially a small cut is given in the sample and the force required
to propagate the tear in sample is measured.

* Force is applied on the sample in such a way that the initial tear
is opened up.

* Result (tear strength) is expressed as Newton (N).
+ Tear strength is important when the geotextile is damaged.

0

Trapezoidal tear strength, here it is tested to ascertain construction survivabiiity, in case of any

puncher, how quickly that puncher will propagate that is tested. So, initially small cut is given in
the sample and the force required to propagate the tear in the sample is measured. The force is
applied on the sample in such a way that initial tear is opened up. So, there is an initial tear is
created and result is in Newton, expressed in Newton. So, the tear strength is important when
geotextile is damaged. So, during laying up or during use, there will be some portions which is
which are damaged and we need higher tear strength so that it can prevent the propagation.
(Refer Slide Time: 29:52)



Trapezoidal tear strength test
200
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7/ . —
Grip along 25 Rate of test: 300mm/minnte
these edges Initial gap between grips: 23

Trapezoidal Tear test sample size (all dimensions in mm)
NPTEL .

This is the sample size as far ASTM, 200 millimeter length this is 100 and this is the grip line
and here the cut is made and we measure the strength required to propagate this cut.

(Refer Slide Time: 30:13)
Sewn seam strength of geotextile

' Normal Size of roll width 3-5m and length ~100m is taken.
Larger size areas covered by seaming geotextiles
. Preferably the thread for seaming should be same type as the
| geotextile - Polyester, PP etc.
Single stitch, double stitch, J-seam, Butterfly seam etc. are used. !
Tensile strength test is used to perform seam strength test.
Procedure is same as that normal tensile test
Seam Efficiency, %

(‘) = [Strength of seam/Strength of virgin material]x100.

NPTEL

So normal sized rdll with this 3 to 5 millimeter. So, now we can discuss the sewn seam strength
of geotextile. So larger area has to be covered. So, we need to have stitching, there are different
types of stitches, single stitch double stitch J-seam, butterfly seam they are commonly used and
tensile strength of normal portion and tensile strength of stitched portion is measured and the
ratio of strength at seam and strength at the virgin material is calculated as percent and which is
seam efficiency.

(Refer Slide Time: 31:05)



Sewn seam strength of geotextile

The seam strength efficiency can be
expressed as,

SE = (Tgeqm / Ta) X100 %
Where,
Tseam = Wide width seam strength, and

Tg = wide width geosynthetic strength
without seam

5
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Seam strength efficiency is that the T seam and T strength of geotextile without seam. So, that
ratio.
(Refer Slide Time: 31:12)

Compressibility

+ Compressibility indicates the reduction in thickness under applied
pressure. Compressibility of geotextile depends on its thickness
and mass per unit area.

+ As the pressure increases, thickness of nonwoven needle punched
and resin bonded geotextiles gets reduced significantly and
accordingly, the transmissivity gets reduced.

« Permeability properties are dependent on the normal pressures.

« Compressibility of woven and nonwoven heat bonded geotextile
(NW-HB) is low.

« Compressibility of nonwoven needle-punched geotextile plays a
very ymportant role as most of the time we use these type of
geotéxtiles to pass the liquid along their plane

Now coming to another characteristic that is corﬁpressibility which is very important as far as the
geotextile drainage and filtration application, which indicates that is compressiblity indicates the
reduction in thickness under pressure and as we have discussed earlier that nonwoven particular
needle punched nonwoven the compressibility is very high due to higher compressibility when
load is applied, their transmission characteristics gets reduced and the permeability property are

dependent on normal pressure.



So, higher normal pressure means that the structure will get compressed and permeability and
transmissivity gets reduced and compressibility of woven and nonwoven heat bonded geotextile
is low. Whereas, for needle punch it is very high.

(Refer Slide Time: 32:11)
Puncher resistance

* 8 mm diameter probe punched into
a stretched geotextile.

'+ Container diameter is 45mm

+ Peak load developed is reported in
Newtons.

)
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Next characteristics is the puncher resistance. Here, the puncher resistance is measured by 8
millimeter diameter probe, this is 8 millimeter diameter probe and the container diameter is 45
millimeter, this is 45 millimeter here, this is the geotextile material and before just before at or at
the time of punching, the peak load is measured and it is expressed in terms of newton and this
puncher moves at a certain specified speed.

(Refer Slide Time: 32:48)
CBR Puncture test

* Probe is 50 mm diameter
+ Container is 150 mm diameter
* 10 specimens across roll width

+ Strength and deformation
monitored

* Average value is reported

®
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Next punching test is done by CBR Puncture test, the CBR test California bearing ratio test as it
is basically for the soil particles, it measures the compressibility of soil. But using this technique,
we can measure the puncture strength also, it is similar to earlier test that puncher resistance test
where probe diameter was 8 millimeter, but in CBR test, the standard probe diameter is 50

millimeters.

In earlier case container diameter was 45 millimeter, here container diameter is 150 millimeter.
So, the 10 normally standard 10 specimens are taken average is reported here. And using this
value puncher resistance value, we can also calculate the tensile strength.

(Refer Slide Time: 33:50)
Tensile strength from CBR Test data

* Wide width tensile strength, T= 2—%

T, = force in KN/m
F, = punching force, kN
r = radius of CBR plunger

Strain at failure, &

£= =4 100
a

x = diagonal distance at failure
a= horizontal distance between outer edge of plunger and

(fgj edge of mould
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Like wide width tensile strength can be predictéd using this CBR puncture data. So, this is the
value T f is a tensile strength in terms of kilo Newton per meter, this is the puncher force is in
kilo Newton, if we know the force and if we can calculate the circumference of the puncher, that
is the 2 pi r, r is the radius of CBR puncture. Here radius is 25 millimeter this puncture radius
and this is the circumference is the total width if we talk about the tensile testing, so, that’s how

it is calculated F p divided by 2 pir.

Here, we get the idea about the tensile strength and also we can get idea about the tensile strain
where a is the initial length of the specimen. The initial length that means that is radius of the

specimen. And here this inclined length this is the strained length, length extended length, which



IS X. So, by this ratio we can calculate the strain value. So, using the CBR puncture test, we can
also get idea about the tensile strength and tensile strain.
(Refer Slide Time: 35:33)

California Bearing Ratio (CBR)

1. The California Bearing Ratio (CBR) is a penetration test for
evaluation of the mechanical strength of road subgrades and
basecourses. It was developed by the California Department
of Transportation.

2. The test is performed by measuring the pressure required to
penetrate a soil sample with a plunger of standard area.

3. The measured pressure is then divided by the pressure
required to achieve an equal penetration on a standard
( %[ushed rock material.

NRTRL

Now, coming to actual CBR, CBR testing California bearing ratio test for soil particles, it is a
penetration test for evaluation of mechanical strength of roads subgrade and basecourse. So, road
subgrade strength compressive strength we must know, it is developed by the California
Department of Transportation that is why the name is California bearing ratio. The test is
performed by measuring the pressure required to penetrate a soil sample with a plunger of

standard area.

The measured pressure is then divided by the pressure required to achieve an equal penetration
on a standard crushed rock material. So, this standard crushed rock material is basically which is
very hard. And if we compare the pressure required with the actual actual specimen, then we
will get a one ratio that is called California gearing ratio.

(Refer Slide Time: 36:50)



California Bearing Ratio (CBR)

Applied Load

Transducer

N O 0.05".... 115psi
S B i ' (11l [y 220 psi
—oponas 02" 300 psi

flA 04”...... 320 psi

X Standard
6 mold mould

(‘\
)j’, ~,)eneuatlons of 0.05" per minute

Source: NPTEL .
Here if we see that for a given soil we have gof a data this data 0.025 inch penetration for that

penetration we need to apply 70 psi pounds per square inch. And gradually if we want to
penetrate the this plunger at higher distance, we need to apply higher pressure, typically 0.1 inch
and 0.2 inch this to data are taken, the pressure required to penetrate 0.1 inch and pressure
required to penetrate 0.2 inch is taken to calculate the California bearing ratio.

(Refer Slide Time: 37:43)

Plot the Data

005 01 015 02 025 03 045 04 045
Penetration (Inches)

This is the plot we get that is the penetration and the load value or we can get the pressure value.
this from this data. This is a plot and from this data we can calculate the CBR value. So let us
take 0.1. Here it is 0.1 is coming it is a 220 psi, 0.2 here it is a 300 psi, 0.2 inch.

(Refer Slide Time: 38:15)



Determine the percent of compacted crushed stone values for the 0.1 and 0.2
penetration.

“The Gold Standard” for CBR
for 0.1" of penetration, 1000 psi
for 0.2" of penetration, 1500 psi

)3 02
[Ty

Example above:
for 0.1" of penetration, 220 psi

Tﬂ andard material for this test is for0.2" of penetration, 300 psi

crisghed California limestone

And for standard value is that for gold standard CBR is 0.1 inch. This is the standard material for
the test in crushed, California limestone. This is the crushed California limestone. This is the
standard value for 0.1 inch penetration, we need 1000 psi or for 0.2 inch penetration we need
1500 psi. Now if we get the ratio between, say 0.1 or if we take in 0.1 inch penetration 220
divided by 1000 multiplied by 100. So that is the percentage that is the actually called California
bearing ratio and if we want to calculate at 0.2 penetration, so, that will be 300 divided by 1500.

(Refer Slide Time: 39:12)

Determine the percent of compacted crushed stone values for the 0.1 and 0.2
penetration,

»o

Example psi = CBR
Standard psi o

1000 psi

300 psi = .20, or 20% ot m
1500 psi

220 psi = 22, or 2% i
o

CBR of material = 22%

Perewabin b bos)

“The Gold Standard” for CBR
for 0.1” of penetration, 1000 psi
for 0.2" of penetration, 1500.psi

o

Example above:
for 0.1" of penetration, 220 psi
for 0.2" of penetration, 300 psi

US&hr . of penetration, unless 0.2" is the greater value.
If so, then rerun the test, taking the higher of the two values from this second trial

So, in this way, if we see for 0.1 penetration, we are getting 22% is the CBR value or directly we

can normally we express 22 and 0.2 penetration we get 20%. So, among 0.1 and 0.2, we tried to

get the CBR value which is higher, that is the standard value. So, for this example, the CBR of



the material is 22%. So, accordingly if we know the CBR value, we will get idea about the, the
compactness of the soil or compressibility of this soil.
(Refer Slide Time: 39:58)
California Bearing Ratio (CBR)

In General:

*The harder the surface, the higher the CBR rating.

*A CBR of 3 equates to tilled farmland,

*A CBR of 4.75 equates to turf or moist clay,

*Moist sand may have a CBR of 10.

*High quality crushed rock has a CBR over 80.

*The standard material for this test is crushed California

(ljnestone which has a value of 100.

HPTHL

So, if we get the, try to see the standard value CBR value, the harder the surface the higher is the
CBR value, a CBR of 3 equates to tilled farmland, very weak farmland, the CBR is 3 and moist
clay it is 4.5 and high quality crushed rock CBR is 80, like that and California limestone which is
definitely 100. So, as this is the reference value and accordingly we can calculate the CBR value.
So, higher the CBR value the stronger that is the rock or the surface will be very hard.

(Refer Slide Time: 40:48)

Dynamic puncture strength
Mw! anob
* 1 kg pointed cone of ! “, T o
standard dimensions is
dropped from a height of 1m
onto a stretched geotextile
specimen. -
f e Geomynthetc specimen
Diameter of the hole made b B “
* Diameter of the hole made by \ {— cork or sottwond pod
the cone is measured by a A
graduated cone.
* Larger the hole e —| :
meter. lower is the HiL=
uhcher strength ..l
= v '

Another parameter which is important is a dynamic puncture strength. This type of situation can

occur during laying of geotextile so, where the 1 kg pointed cone is dropped freely on geotextile



and the length of penetration we can calculate. So, here it is gazed at different height, it is gazed
and the diameter we know at different height, the diameter will be different. So, the diameter of
the hole made by the cone is measured by a graduated cone. This is the graduated cone we can
directly measure the, what is the diameter of the hole, larger the hole, lower is the puncture
strength we will get direct idea.

(Refer Slide Time: 41:41)

Burst Strength =3
— s
VML
L]
* Types, .
1) Mullen burst e/
(8) Mullen burst (b) Ball brust
2) Ball burst

3) CBR burst

o,

solrENPTEL (c) CBRburst

Then another mechanical characteristic which is Mullen as the busting strength. There are 3
types, Mullen bursting strength, ball bursting strength and CBR bursting strength. This CBR
testing it is used for puncture resistance also and here we can use as bursting data. So in Mullen
bursting strength where the diaphragm is used and ball bursting strength, here one puncher will
be used with a ball at the seam and CBR bursting strength is here one plunger with it is a
cylindrical plunger is used.

(Refer Slide Time: 42:23)



Analytical analysis of burst strength test

* Burst strength is required to design the geotextiles for separation.
* The geotextile may burst due to the applied upward load.

Tire inflation
= | pressure P,

D 0o TS
S oLt

I Subgrade «, %717 220N TN

Figid grodel for burst resistance (Geotextile being forced up by pressure
( 0 voids of stone base due to traffic tire loads)

Source: NPTEL
In most of the applications it is actually this type of Mullen bursting strength is used. So, burst

strength is required to design the geotextile for separation again, the geotextile may bust due to

the applied upward pressure.
(Refer Slide Time: 42:42)
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Now here this is these are the stones ok. Here it is used as separating material, geotextile is used

as separator and at the bottom there are soft soils. So, this separation function is that this
geotextile is actually not allowing this soft soil to penetrate inside, but once the pressure is
applied this soft soil will be pumped, try to be pumped inside and this type of situation will

occur. So, this soil will try to penetrate inside.



So, here the bursting situation is created. So, field model for bust resistance. This is a picture
here, geotextile being forced up by pressure Pg. This is the Pg pressure geotextile, into void of
stone due to these are base soil, there is a stone that is why it is pumped inside and mainly
bursting pressure is created in this zone.

(Refer Slide Time: 44:09)
Mullen burst test

It can be analogous to the field conditions like stone puncturing into a
separation layer
Inflatable rubber membrane is used to distort the geotextile into a
hemisphere of 30 mm diameter.
Geotextile is pushed upward and it forms hemispherical shape as well as fails
due to radial tension. So, the ultimate strength (T,,) of geotextile is,

1
Geotextile Tuh= EPthfy
1 I v.I P, = Burst strength,
D, = Diameter of burst equipment = 30 mm,
D, €,= Strain in geotextile

So this Mullen burst test it is analogous to the field condition like stone punching into the

separation layer that | have explained the inflated rubber of certain diameter, the hemispherical
condition is created and here as geotextile is pushed inside, so we can calculate the ultimate
strength. This is the ultimate strength of the geotextile, it is tensile strength and that can be
related with the busting strength by this empirical formula. Its half P b, which is the bursting

strength D b is the diameter of burst equipment.

This is the diameter of bust equipment and E g is a strain in geotextile. So, if we know the strain
in geotextile, and diameter and bursting strain, so that we can predict the tensile strength or on
the other hand, if we know the tensile strength and diameter and allowable elongation or
elongation taking place in geotextile, we can calculate the bursting pressure.

(Refer Slide Time: 45:31)



Mechanical interactions:

and geotextile.

Properties influencing soil-geotextile interaction

~ It is characterized by the shear strength developed between soil

» To reinforce with soil, high contact shear strength is required
whereas low contact shear strength is required when soil and

®

NPTEL

geotextile are designed to move against each other.
» Shear strength is governed by the angle of intenal friction
developed between soil and geotextile. Pull out and Direct shear

are the tests used to analyze friction behavior of geotextiles

Next mechanical characteristic is that which | have already explained, I am not going to explain
here in detail. So, mechanical characteristic is the mechanical interaction, the shear stress is

developed shear strength is calculated against the soil. So, it is done by pullout test and direct

shear strength test.
(Refer Slide Time: 45:55)

Test methods to measure frictional behaviour of geotextiles

l air bag

sol

o

metal sleeve
L

pull-out

geotexule

clamp

\,___._._

load

o,

NPTEL

pull-out test

So, here the geotextile is confined in between the soil in bdth the sides. So, it then pulling force
applied and depending on the fictional interaction, the pulling force will change so, from this

pulling force we can calculate the interaction between the geotextile and soil.

(Refer Slide Time: 46:22)




Test methods to measure frictional behaviour gf geotextiles

normal pressure

g
(o

NPTEL

direct shear test

Another method is that it is a direct shear test. Where this is a base soil and top soil is there and
on the base soil, there are 2 blocks. On the lower block geotextile is covered with a geotextile
and then top soil it is actually slide and it is sheared against the geotextile and we can calculate
the shearing force.

(Refer Slide Time: 46:48)

Hydraulic Properties of Geotextiles

* Apparent opening size (AOS)
* Cross-plane permeability

* In-plane permeability

* Long term permeability

* Gradient ratio

0
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And next characteristics are hydraulic propertie_s and that | will discuss in next class. Till then

thank you.



