STANDARD SPECIFICATION OF TRANSMISSON LINE
(SECTION-SURVEY & SOIL INVESTIGATION)

POWERGRID

care shall be taken to maintain firm contact between the bit and the bottom of the
borehole. Bentonite or drilling mud shall be used as drilling fluid to stabilise and protect
the inside surface of the borehole. Use of percussion tools shall be permitted in hard
clays and in dense sandy deposits.

45.2 Standard Penetration Test (SPT)

4.5.2.1 Thistestshall be conducted in all types of soil deposits encountered within a borehole,
to find the variation in the soil stratification by correlating with the numberof blows
required for unit penetration of a standard penetrometer. Structure sensitive
engineering properties of cohesive soils and sifts such as strength and compressibility
shall not be inferred based on SPT values.

4.5.2.2  Thetest shall be conducted at every change of stratum or at interval of not more than
1.5 m whichever is less as per IS 2131, for a depth up to 10 m in case of normal soils
and 40 m in case of special locations.

4.5.2.3 The Equipment, accessories and procedures for conducting the test shall conform to
IS 2131 and IS 9640. The test shall be conducted immediately after reaching to the test
depth and cleaning of bore hole.

4.5.2.4  The test shall be carried out by driving a standard split spoon sampler in the bore hole
by means of hammer of standard weight as specified in IS 2131, having a free fall of
750 mm. The sample shall be driven using the hammer for 450 mm recording the
number of blows for every 150 mm. The number of blows for the last 300 mm drive
shall be reported as N value.

4.5.2.5 Thistestshall be discontinued when the blow countis equal to 100 or the penetration
is less than 25 mm for 50 blows. At the level where the test is discontinued, the
number of blows and the corresponding penetration shall be reported. Sufficient
quantity of disturbed soil samples shall be collected from the split spoon sampler for
identification and laboratory testing. The sample shall be visually classified and
recorded at the site as well as properly preserved without loss of moisture content
and labeled.

45.3 Sampling
453.1 General

a) Sufficient number of soil samples shall be collected. Disturbed soil samples shall
be collected for soil identification and for conducting tests such as sieve analysis,
index properties, specific gravity, chemical analysis etc. Undisturbed samples shall
be collected to estimate the physical bearing capacity and settlement properties
of the soil.

b) All accessories and sampling methods shall conform to IS 2132. all disturbed and
undisturbed samples collected in the field shall be classified as per IS 1498.

c) All samples shall be identified with date, borehole or test pit number, depth of
sampling, etc. The top surface of the sample in-situ shall also be marked. Care shall

be taken to keep the core and box samples vertical, with the mark directing
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upwards. The tube samples shall be properly trimmed at one end and suitably
capped and sealed with molten paraffin wax. The Contractor shall be responsible
for packing, storing in a cool place and transporting all the samples from site to
the laboratory within seven days after sampling with probe, protection against loss
and damage.

4,53.2 Disturbed Samples

a)

b)

Disturbed soil samples shall be collected in boreholes at regular intervals. The
weight of sample as per table 2 of IS 1892 shall be collected at 0.5 m intervals
starting from a depth of 0.5 m below ground level and at every identifiable change
of strata to supplement the boring records. Samples shall be stored immediately
in air tight jars which shall be filled to capacity as much as possible.

In designated borrow areas, bulk samples, from a depth of about 0.5 m below
ground level shall be collected to establish the required properties for use as a fill
material. Disturbed samples weighing about 25 kg (250 N) shall be collected at
shallow depths and immediately stored in polythene bags as per IS 1892. The bags
shall be sealed properly to preserve the natural moisture content of the sample
and placed in wooden boxes for transportation.

4533 Undisturbed Samples

In each borehole undisturbed samples shall be collected at every change in stratum or
at intervals not more than 1.5 m, whichever is less as per IS 2132, for a depthup to 10
m in case of normal soils and 40 m in case of special locations.

4,5.3.3.1 The spacing between the top levels of undisturbed sampling and standard penetration
testing shall not be less than 1.0 m. Undisturbed samples shall be of 100 mm diameter
and 450 mm in length. Samples shall be collected in a manner to preserve the structure
and moisture content of the soil Accessories and sampling procedures shall conform to
IS 1892 and IS 2132

a)

b)

Undisturbed sampling in cohesive soil:

Undisturbed samples in soft to stiff cohesive soils shall be obtained using a thin
walled sampler. In order to reduce the wall friction, suitable precautions, such as
oiling the surfaces shall be taken. The sampling tube shall have a smooth finish on
both surfaces and a minimum effective length of 450 mm. The area ratio of
sampling tubes shall be less than 12.5%. However, in case of very stiff soils area
ratio up to 20% shall be permitted.

Undisturbed sampling in very loose, saturated, sandy and silty soils and very soft
clays:

Samples shall be obtained using a piston sampler consisting of a cylinder and
piston system. In soft clays and silty clays, with water standing in the casing pipe,
piston sampler shall be used to collect undisturbed samples in the presence of
expert supervision.
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454

4541

4.5.4.2

4.5.4.3

4.5.5

Accurate measurements of the sampling depth, dimensions of sampler, stroke
and length of sample recovery shall be recorded. After the sampler is pushed to
the required depth, the cylinder and piston system shall be drawn up together,
preventing disturbance and changes in moisture content of the sample;

Undisturbed sampling in cohesion less soils

Undisturbed samples in cohesion less soils shall be obtained in accordance with IS
8763. Sampler operated by compressed air shall be used to sample cohesion less
soils below ground water table.

Ground Water

One of the following methods shall be adopted for determining the elevation of
ground water table in boreholes as per IS 6935 and the instructions of the Employer:

a)

b)

In permeable soils, the water level in the borehole shall be allowed to stabilize
after depressing it adequately by bailing before recording its level. Stability of sides
and bottom of the boreholes shall be ensured at all times.

For both permeable and impermeable soils, the following method shall be
suitable. The borehole shall be filled with water and then bailed out to various
depths. Observations on the rise or fall of water level shall be made at each depth.
The level at which neither fall nor rise is observed shall be considered the water
table elevation and confirmed by three successive readings of water level taken at
two hours interval.

If any variation of the ground water level is observed in any specific boreholes, the
water level in these boreholes shall be recorded during the course of the field
investigation. Levels in nearby wells, streams, etc., if any, shall also be noted in
parallel.

Subsoil water samples

a)

b)

Subsoil water samples shall be collected for performing chemical analysis.
Representative ground water samples shall be collected when first encountered
in boreholes and before the addition of water to aid boring or drilling.

Chemical analysis of water samples shall include determination of pH value,
turbidity, sulphate, carbonate, nitrate and chloride contents, presence of organic
matter and suspended solids. Chemical preservatives may be added to the sample
for cases as specified in the test methods or in applicable Indian Standards. This
shall only be done if analysis cannot be conducted within an hourof collection and
shall have the prior written permission and approval of the Employer.

Dynamic Cone Penetration Test (only at Special locations)

a)

With bentonite slurry
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4.5.6

4.6
4.6.1

46.1.1

b)

Dynamic cone penetration test shall be conducted to predict stratification,
density, bearing capacity of granular soils, etc. The test shall be conducted to the
specified depth or refusal, whichever comes first. Refusal shall be considered when
the blow count exceeds 100 for 300mm penetration. Equipment, accessories test
procedures, field observations and reporting of results shall conform to IS 4968
(Part-Il). The driving system shall comprise of hammer of standard weight as
specified in IS 4968 (Part-11), having a free fall of 750mm. The cone shall be of 60°
and of 62.5mm diameter provided with vents forcontinuous flow of bentonite
slurry through the cone and rods in order to avoid friction between the rods and
soil. On completion of the test the results shall be presented as a continuous
record of the number of blows required for every 300mm penetration of the cone
into the soil in a suitable chart supplemented bya graphical plot of blow count for
300mm penetration vs. depth. On completion of the test, the results shall be
presented on the proforma approved by the Employer.

Without bentonite slurry

This test shall be conducted with 50mm diameter 60° cone fitted loosely to the
driving rod through a cone adopter. The cone shall be driven in to the soil by
allowing hammer of standard weight as specified in IS 4968 (Part-1l), having a free
fall of 750mm. The number of blows for every 100mm penetrations shall be
recorded. The process shall be repeated till the cone is driven to the required
depth. The penetration depth shall be limited to 5m in cohesion less soil and 10m
in mixed soil with some binding material. The cone driving rods, driving head,
hoisting equipment shall conform to IS 10589. The test report should be prepared
as per guidelines of IS 4968 (Part I).

Vane Shear Test. (required for boreholes where UDS is not possible) (Only atSpecial
Locations)

Field vane shear test shall be performed inside the borehole to determine the
shear strength and bearing capacity of cohesive soils, especially of soft and
sensitive clays, which are highly susceptible to sampling disturbance. Equipment,
accessories, test procedures, field observations shall correspond to IS 4434. Tests
may also be conducted by direct penetration from ground surface. If the cuttings
at the test depth in the borehole show any presence of gravel, sand shells,
decomposed wood, etc., which are likely to influence the test results substantially,
the test at that particular depth may be omitted with the permission of the
Employer. However, the test shall be conducted at a depth where these
obstructions cease to occur. On completion of the test, the results shall be
reported in an approved proforma as specified in IS 4434, Appendix-A.

Field Investigation for Rock
Rock Drilling

If, during the investigations, large hard fragments or natural rock beds are
encountered, work shall proceed with core drilling methods. The equipment and
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46.1.2

46.1.3

4.6.2
46.2.1

procedures for this operation shall conform to IS 1892. The starting depth of drilling
in rock shall be certified by the Employer. At the end of the investigation, the hole
drilled in rock shall be backfilled with grout consisting of 1-part cement and 3-parts
sand by weight.

Drilling shall be carried out with NX size tungsten carbide (TC) or diamond tipped drill
bits, depending on the type of rock and according to IS 6926. Suitable type of drill bit
(TC/Diamond) and core catchers shall be used to ensure continuous and good core
recovery. Core barrels and core catchers shall be used for breaking off the core and
retaining it when the rods are withdrawn. Double tube core barrels shall be used to
ensure better core recovery and to retrieve cores from layers of bedrock. Water shall
be circulated continuously in the hollow rods and the sludge conveying the rock
cuttings to the surface shall be collected. A very high core recovery ratio shall be aimed
at in order to obtain a satisfactory undisturbed sample. Attempt shall be made to
recover cores of 1.5 m in length. Normally TC bit shall be used. Change over to a
diamond bit shall require the specific written approval of the Employer, and his
decision as to whether a TC or a diamond bit is to be used shall be final and binding
on Contractor.

No drilling run shall exceed 1.5 m in depth. if the core recovery is less than 80% in any
run, the length of the subsequent run shall be reduced to 0.75 m. During drilling
operations observations on return water, rate of penetration etc. shall be made
recorded and recorded as per IS 5313.

a) The colour of return water at regular intervals, the depth at which any change of
colour of return water is observed, the depth of occurrence and amount of flow of
hot water, if encountered, shall be recorded.

b) The depth through which a uniform rate of penetration was maintained, the depth
at which marked change in rate of penetration or sudden fail on drill rod occurs,
the depth at which any blockage of drill bit causing core loss, if any, shall be
recorded.

c) Any heavy vibration or torque noticed during the drilling should be recorded
together with the depth of occurrence.

d) Special conditions like the depth at which grouting was done during, drilling,
presence of artesian conditions, loss of drilling fluid, observations of gas discharge
with return water, etc., shall also be observed and recorded.

e) All the observations and other details shall be recorded as per daily drill and
reported in a proforma as given in IS 5313, Appendix-A.

Core Sampling

Core samples shall be extracted by the application of a continuous pressure at one end
of the core with the barrel held horizontally without vibration. Friable cores shall be
extracted from the barrel directly into a suitably sized half round plastic channel
section. Care shall be taken to extrude the samples in the direction of coring to avoid
stress reversal.
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4.6.2.2

4.7

4.7.1

Immediately after withdrawal from the core barrel, the cores shall be placed in a tray
and transferred to boxes specially prepared for this purpose. The boxes shall be made
from seasoned timber or any other durably material and shall be indexed on top of the
lid according to IS 4078. The cores shall be numbered serially and arranged in the
boxes in a sequential order. The description of the core samples shall be recorded as
instructed in IS 4464. Where no core is recovered, it shall be recorded as specified in
the standard. Continuous record of core recovery and rock quality designation
(RD/DD/QD) are to be mentioned in the bore log in accordance with IS 11315 (Part-I1).

Laboratory Testing

Essential Requirements

a)

b)

d)

e)

Depending on the types of substrata encountered, appropriate laboratory tests
shall be conducted on soil and rock samples collected in the field. Laboratory tests
shall be scheduled and performed by qualified and experienced personnel who are
thoroughly conversant with the work. Tests indicated in the schedule of items shall
be performed on soil, water and rock samples as per relevant IS codes.One copy
of all laboratory test data records shall be submitted to Employer progressively
every week. Laboratory tests shall be carried out concurrently with the field
investigations as initial laboratory test results could be useful in planning the later
stages of field work. A schedule of laboratory tests shall be established by
Contractor to the satisfaction of the Employer within one week of completion of
the first bore hole;

Laboratory tests shall be conducted using approved apparatus complying with the
requirements and specification of Indian Standards or other approved standards
for this type of work. It shall be checked that the apparatus is in good working
condition before starting the laboratory tests. Calibration of all the instruments
and their accessories shall be done carefully and precisely at an approved
laboratory.

All samples, whether undisturbed or disturbed shall be extracted, prepared and
examined by competent personnel properly trained and experienced in soil
sampling. examination, testing and in using the apparatus in conformance with the
specified standards;

Undisturbed soil samples retained in liners or seamless tube samplers shall be
removed, without causing any disturbance to the samples, using suitably designed
extruders just prior to actual testing. If the extruder is horizontal, proper support
shall be provided to prevent the sample from breaking. For screwtube extruders,
the pushing head shall be free from the screw shaft so that no torque is applied to
the soil sample in contact with the pushing head. For soft clay samples, the
sample tube shall be cut by means of a high-speed hacksaw to proper test length
and placed over the mould before pushing the sample into it with a suitable piston;

While extracting a sample from a liner or tube, care shall be taken to assure that
its direction of movement is the same as that during sampling to avoid stress
reversal;
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4.7.2 Tests

4.7.2.1 Tests as indicated in these specifications and as may be requested by the Employer,
shall be conducted. These tests shall include but may not be limited to the following: -

a) Tests of undisturbed and disturbed samples
e Visual and engineering classification;
e Sieve analysis and hydrometric analysis;
e Liquid, plastic and shrinkage limits;
e Specific gravity;
e Chemical analysis;
e Swell pressure and free swell index determination;
e Proctor compaction test.
b) Tests of undisturbed samples:
e Bulk density and moisture content;
e Relative density (for sand),
e Unconfined compression test;
e Box shear test (for sand);

e Triaxial shear tests (depending on the type of soil and field conditions
onundisturbed or remoulded samples):

i) Unconsolidated undrained;

ii)  Consolidated drained test;

Consolidation

¢) Testson rock samples
e Visual classification;
e Moisture content, porosity and density;
e Specific gravity;
e Hardness
e Stake durability

e Unconfined compression test (both saturated and at in-situ water
content);

e Point load strength index;
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