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SPECIFICATIONS FOR GEOTECHNICAL INVESTIGATION

1.0 SCOPE OF WORK:
The scope of work shall include mobilization and demobilization of all machines, equipment, personnel for satisfactory completion of the works as per detailed specifications below and attached BOQ.  This will include completing geotechnical field investigations, laboratory tests on soil, rock and water samples, and submission of the detailed geotechnical report for the project, all as per attached BOQ, specifications mentioned below, and all relevant IS Codes.  

1.1 Field investigations shall include drilling boreholes in all types of soil, fill material, boulders,  soft rock and/or hard rock as per specifications below, and as per IS: 1892-1979.   Additional works such as trial pits, plate load tests, pressuremeter tests, soil resistivity tests, pile load tests as mentioned in BOQ shall also be completed.

1.2 Laboratory Tests on soil, rock and water samples retrieved from boreholes shall be completed as per relevant parts of IS2720.
1.3 Geotechnical report shall include compilation of all results of field and laboratory tests, detailed foundation recommendations for the project as mentioned below in detailed specifications, and addressing all relevant geotechnical issues. Preliminary report shall be submitted immediately after availability of bore-hole data to help decide on the further bore hole requirement.
2.0 MOBILIZATION:
(1)
The scope of this work includes mobilization of all plant and equipments, instruments and personnel (skilled and unskilled) required carrying out the soil investigation work.

(2)
This scope of work includes demobilization of all equipments/personnel in orderly manner from site so as to keep site clean for any further work by owner. Demobilization can be done only after satisfactory acceptance of the preliminary report and approval by Lodha representative.
(3)
Charges for these items of work are paid as lumpsum, no extra payment will be made for subsequent mobilization of any accessories and equipments.


Based on the field examination or tests, borelogs shall be prepared in accordance with IS: 1498 (1970). On completion of the field records, the soil investigator shall discuss and decide in consultation with the consultants, the schedule of the tests to be performed and the exact number of samples to be tested for each test.

(4)
SETTING OUT AND SURVEYING:

The contractor shall be responsible for the accuracy of setting of out or leveling and the contractor shall bear all liability arising from mistakes in surveying.


After completion of work the boreholes / trial pit etc. shall be back filled as specified and directed by Engineer. 

(5)
MODE OF PAYMENT: 


The payment for this item will be made after inspection and approval of equipment, instruments etc. mobilized to the site by Consultant. The Consultants will certify the items for payment only after satisfying that the equipments are in working condition.

3.0
DRILLING EXPLORATORY HOLES IN SOILS:

(1)
The work of drilling in soils shall be carried out in such as a manner that the disturbed as well as undisturbed samples of soils can be conveniently collected at every 1.5m depth and penetration tests can be carried out as required. The choice of method of drilling is left to the Contractor, but preference shall be given to method which permits collection of samples at 1.5m depth indicating the grain size distribution of natural strata without loss of fines and without any appreciable change in natural moisture content.

(2)
The size of bore holes shall be between 100mm and 150mm diameter. The boreholes shall be thoroughly cleaned by the Contractor as and when required. For removing particles larger than silt size, the Contractor may have to use drilling mud of the required consistency and flush the hole with mud at the requisite pressure.

(3)
The clearance between the undisturbed sampling tube and the bore hole as well as the clearance between the split spoon sampling tube and the bore holes shall be as directed by the Consultant. Usually holes of very large size would not be preferred.

(4)
The drilling operations may be interrupted for collecting samples, probing and conducting penetration tests etc. The rate for the drilling work is inclusive of such delays. The casing pipes shall not be removed unless directed by the Consultant. Even after removal of the casing, piece of pipe should be left in the bore hole to identify the location.

(5)
The contractor shall ensure that sand-blow conditions do not develop while boring/drilling. Sufficient surcharge of water or drilling mud should be maintained all through the operations.

(6)
The soil investigator shall take reduced levels of the borehole locations with reference to a benchmark approved by Engineer-in-charge / Architects and shall include these in his report.

(7)
The boring and/or drilling for a complete bore hole up to its required depth is paid for only once and on per metre basis. No additional payment will be given if the same rig or a different type of rig is brought to the location of the hole for completing either bedrock drilling or any other balance activity.

(8)
Proper backfilling of bore holes shall be done with thick cement and bentonite grout as specified / directed after completion of bore hole.

(9)
The ground water level shall be recorded every day morning before start of work.

(10)
MODE OF MEASURMENT AND PAYMENT

The total depth of boring in soil will be determined by measuring or computing the difference in the elevations of the top of the existing soil surface prior to construction of working platform to the deeper of the following:

i) Lower edge of the drilling bit or casing pipe.

ii) Elevation of the lowest point of penetration of the sampling tube spoon or lower tip of the dynamic probing cone, whichever is lower.

iii) At depth where CR > 10% is encountered in native strata, excluding cobbles, boulders, or fill.

4.0
DRILLING EXPLORATORY HOLES IN ROCK

(1)
After drilling through the soil as per Technical Specification in preceding paragraphs, further drilling shall be continued through underlying strata in rock with NX size double tube core barrel with diamond drill bits to obtained 54mm diameter cores to any depth in rock strata. 


This work shall be carried out in accordance with IS: 1892 (1987) and as directed by Consultant.

(2)
Cores shall be kept in wooden boxes with compartments of the exact size of the rock cores. While placing the core samples in wooden boxes, it should be ensured that the direction and sequence of core placement is not altered. The core run shall be restricted to between 1.0m and 1.5m.

(3)
The rock boxes shall be provided by the contractor and should be made of good quality timber. Each core box shall house samples not more than 6m (six meters) long. The contractor shall include in his rate the cost providing such core boxes.

(4)
The depths of cores below ground level shall be indicated for every core run interval by writing the depth in indelible ink on wooden spacers which shall be inserted in their correct position in the box.


Similarly, the exact depth of any change in stratum, and failure to recover the core, etc. shall be recorded.

(5)
The labeling of core samples of rock shall be done in accordance with Appendix-D of IS 1892 of 1987.

(6)
All the core boxes shall be marked with details such a the bore hole number, the depth of cores it contains, the name of work etc., in paint or in indelible ink on the top face and then hundred over to the Owner.

(8)
An arrangement should be made for collection of wash water by installing a top socket with a cross pipe at the top of the casing before the start of rock drilling. The side of the casing should be well packed near the top of the hole to prevent leakage. Wash water should be collected in buckets and allowed to settle. A record of wash water shall be maintained indicating the colour, change in colour any type of wash water (i.e. thick slurry, lean slurry or clean water)

(9)
The number of revolutions per minute for the rock drilling shall be preferably constant throughout the complete drilling operation. The rate of penetration for every 250mm shall be observed during rock drilling and recorded.

(10)
MODE OF MEASUREMENT AND PAYMENT:

The total depth of drilling in rock will be determined by measuring or computing the difference in the elevations where extrapolated SPT N > 50 and CR > 10% was encountered and the elevation of the lowest point of core barrel. The total length of payment shall not be more than total length of boring in soil and rock minus length payable as drilling in soil.
The payment shall be done per metre of drilling.

5.0
CONDUCTING STANDARD PENETRATION TESTS

(1)
Standard Penetration Tests (SPT) shall be conducted in boreholes at a vertical interval of 1.5m or as specified in the BOQ.  The SPT tests shall be conducted in accordance with “IS 2131 (1987) and IS 9640-1987.  The driving monkey should be provided with suitable arrangement for controlling the height of fall.  It should be ensured that blowing in of fine sand is avoided while conducting penetration tests.  For this purpose it may be necessary to use mud (Bentonite) circulation or create surcharge pressure.


If desired and so directed by the Consultants, cone penetration test may be used in lieu of standard penetration tests conducted with split spoon sampler.  In such cases, the contractor shall be paid at the same rate as standard penetration test.

2) For Standard Penetration Test, the blow count shall be recorded at intervals of 15cms for a total penetration of 60cms.  The SPT count shall be reckoned as the total number of blows for the second and third penetration increments of 15cms.  In case, extrapolated SPT N value after 50 blows, exceeds 200 then terminate the test and note the penetration for 50 blows.

3) All attempts shall be made to recover the full sample of the standard split spoon sample.  The sampler must have a ball valve at the top of the sampler for minimizing loss of sample.  Where sample recovery is poor or nil, a representative sample shall be preserved from the sludge pump/bailer sample.

4) Wherever a sample is recovered, the following details shall be noted along with usual recode of blow counts.

a) Penetration (meters) and below counts.

b) Recovery (Percentage)

c) Logging of silt/fine sand seam if any

d) Visual classification of soil sample.

The above information shall be recorded for each hole, in the specified format given by the Consultant.

5) In the case of stiff to medium clay where moisture content tests are specified on split spoon samplers in the BOQ, the recovered soil sample shall be wrapped with a layer of bandage cloth and then coated with paraffin wax to preserve the sample for tests such as natural water content, and liquidity index.

6) The contractor shall include in his quoted rates all such cost and provide screw top plastic containers for preserving split spoon samples recovered in the standard penetration tests.  The identification tag for the sample shall be carefully secured to the plastic bottle / jar / container.

7) 
The tip of the cutting shoe must be of 1.6mm thickness (Refer Fig. 1 of IS 2131 (1987).

8) 
MODE OF MEASUREMENT AND PAYMENT.
The measurement for this item shall be as per completed tests which have been carried out as per specifications to the satisfaction of the Consulting Engineer.

The payment shall be done per number of the completed tests.  No payment shall be admissible for tests which are not as per specifications or are incomplete.  The opinion of the Consultant in this respect shall be final and binding on the contractor.  The drilling carried out in the depth zone of SPT test is paid separately under relevant items of soil / rock drilling as applicable. 

6.0
COLLECTION OF DISTURBED SOIL SAMPLE

a) In 50mm dia. Non-returnable M.S. tubes

b) In bags of 20 kg, including providing bags.

c) In 2 kg polythene jars / plastic bag, including providing jars / plastic bags.

1) Disturbed samples are required to be collected from holes and trial pits.  Depending on the type of soil, the method of collection of disturbed samples would differ.

2) The samples of type (a) as mentioned above shall be collected in non-returnable 50mm diameter “C” class M.S. pipe of suitable length not exceeding 75cms where soil type ranges between plastic silt to clay.  The sampling tube should have a bevel edge at the bottom and holes on top for draining trapped water.  The sample should be sealed at both ends of the pipe by using plastic cloth cut to the size of inner diameter of tube and using a double layer of cotton waste with wax over the plastic cloth.  Care shall be taken to preserve the natural moisture content.  

3) While conducting sampling operations in sand or silty sand, the sample is likely to slip out during extraction of a sample from the bore hole or trial pit.  A flap valve bailer or auger may be used and representative samples shall be collected without appreciable loss of fines and preserved in screw top plastic jars (4” x 6” ht.).  The contractor shall include in his rate the cost of providing disturbed samples in screw top plastic jars and containers.  Samples weighing 20 kg shall be collected in bags whenever Proctor tests are required or whenever instructed.

4) If the contractor is instructed to use a suitable type of piston sampler for conducting sampling in non-cohesive soil, such sampling would be paid at the rate of undisturbed sampling in soil.  The contractor shall include the cost of providing such tubes in his unit rate.

5) Whenever the sample is collected in a tube, the tube shall have a proper identification mark (bore hole No. depth, location, arrow mark indicating bottom end of the sample tube etc.).

6) MODE OF MEASUREMENT AND PAYMENT

i) The payment shall be per number of sample, provided that the samples recovered are accepted by the Consulting Engineer.  Any unsatisfactory samples or any sampling work which is not as per specification shall not be paid for.

ii) When disturbed sample is collected in 50mm dia. Tubes by driving/pushing arrangement, the contractor shall be paid separately as per the rate quoted in Schedule of Quantity.

iii) Rate for this item shall include providing necessary container/tube as per above specification.

7.0 
COLLECTING UNDISTURBED SOIL SAMPLES.

1) Undisturbed samples shall be collected at intervals of 2.0m or at change of stratum whichever occurs earlier in returnable tubes of 100 mm diameter (i.e. internal diameter of the sample tube) and not more than 50 cm long.  Samples of smaller size shall not be collected unless specifically approved by the Consultant.  In hard clay, soil, and weathered rock suitable techniques and a proper sampler shall be used for obtaining undisturbed samples.  For undisturbed samples the area ratio shall be less than 20% for stiff formations and not greater than 10% for soft sensitive clays (as per IS: 1892 (1987)).

The details and design of the sampler should be approved by the Consultant prior to start of the work.  Manual methods shall be adopted for collection of undisturbed block or cylindrical samples as per United States Bureau of Reclamation Earth Manual (Designation E-2 for undisturbed sampling in trial pits).

2) The moisture in undisturbed samples shall be carefully preserved by sealing both ends of the sample tube by using plastic cloth cut to the size of inner diameter of tube and using a double layer of cotton waste with wax over the plastic cloth.

3) 
If the sample slips out due to the natural condition of soil the Contractor shall collect representative sample by using a flap valve bailer or auger without appreciable loss of fines.  The representative sample shall be preserved in a screwed top plastic jar (4” x 6” height); and called ‘Disturbed Sample’.

4) 
The sample tube shall have a proper identification mark painted on it (e.g. bore hole No., depth, location, arrow mark indicating bottom end of the sample tube etc.).

5) 
The procedure for the collection of undisturbed samples shall conform to the relevant IS code IS: 2132 (1972) and standard procedures.  The work shall be done to the satisfaction of Consultant’s representative.

6)  
MODE OF MEASUREMENT AND PAYMENT
i)
The payment shall be per number of sample, provided that the samples recovered are accepted by the Consultant / Engineer.  Any unsatisfactory samples or any sampling work which is not as per specification shall not be paid for.

ii) 
If the sample slips out of the Undisturbed tube not due to the negligence of the contractor, the sample shall be counted and paid at the quoted rate.  However, the contractor will collect the disturbed sample at that depth without any extra cost.

8.0 
SPECIFICATIONS FOR COLLECTING WATER SAMPLES FOR CHEMICAL ANALYSIS:

1) 
The groundwater sample shall be collected from a cased bore hole and only after pumping out the entire contents of the bore hole by means of a pump or a bailer or any other methods approved by the Consultant.  

2) 
The contractor shall allow for sand blow while quoting a unit rate for this item.  The unit rate should include the cost of all operations such as flushing and cleaning for advancing the bore hole deeper.

3) 
Each water sample shall be collected in air tight chamber glass container or plastic air – tight containers.  The contractor shall store these samples in a covered shed.

4) 
The contractor shall collect water sample from standing water column only after the bore hole has been adequately dewatered and allowed to recuperate. Turbulence should be caused in the water column by moving bailer up and down. The water sample shall be collected only after thoroughly mixing the standing head of water column under recuperated condition of hole.

5) 
The contractor shall reach the samples to the approved laboratory within ten days of their collection and secure a proper receipt for its safe delivery there and present the receipt to the Consultants.

6) 
MODE OF MEASUREMENT PAYMENT:
The payment shall be per number of sample, provided that the samples recovered are accepted by the Consulting Engineer.  Any unsatisfactory samples or any sampling work which is not as per specification shall not be paid for.

9.0 
EXCAVATION OF TRIAL PITS OF MINIMUM SIZE 1.5m x 1.5m
1)
Excavation of trial pits shall be carried out as per IS:4453 (1980).

2)       The trial pits shall be completed to depths indicated in BOQ.
The excavated material shall be deposited in separate heaps for each 30 cm depth as directed by the Consultant (Refer E-1 from Earth Manual of USBR, Fig. 1.2 Page 337).

2) 
MODE OF MEASUREMENT AND PAYMENT
a)
The payment for excavation for different depths shall be done on cubic metre basis as per the rates quoted in Schedule of Quantity.  No separate payment will be made for dewatering or shoring and strutting.

10.0 
SUPPLYING SAMPLES RECOVERED FROM BOREHOLES IN CORE-BOXES (BOTH SOIL & ROCK CORE SAMPLES)

1) The contractor shall preserve disturbed soil samples / SPT samples, wash samples etc. in appropriate plastic bags, screwed plastic jars etc. and keep them in core box in the sequence of their depth and collection.

2) The core box shall be made of good quality wood which will not get attached by insects.  Quality of wood shall be such that it will not get warped.  The slots provided in core box will not be too wide and will be just adequate to accept the size of rock cores obtained in field.

3) The core box will be painted with protective paint against insect attack and shall bear proper identification such as Bore Hole No., Depth, Name of Project, Place etc. All rock core samples shall be numbered.

4) Each core box shall have locking arrangement and the contractor will hand over the samples duly packed in core box (except UDS, TDS, Water Samples) for each bore hole separately).

5)  Size of core box shall not be unwieldy and be not more that 0.6m wide x 1.5m long.

6)  MODE OF PAYMENT:
Payment for the core boxes shall be measured per bore hole regardless of the numbers of core boxes required to keep the samples of each bore holes.

11.0 HANDLING AND TRANSPORTING SOIL, ROCK AND WATER SAMPLES TO THE APPROVED LABORATORY:

1)  Laboratory testing program shall be given by the Consultant.  Accordingly, the samples shall be suitably packed and transported safely to approved laboratory on priority.

2)  The contractor shall secure a proper receipt for its safe delivery to the approved laboratory and present the receipt to the Engineer or Consultants.

3)  During currency of work the samples collected at site shall be stored properly in a covered shed till the time of their dispatch to approved laboratory.

4)  MODE OF MEASUREMENT AND PAYMENT
The payment for this item shall be made as specified in Bill of Quantity.  The contractor shall quote unit rate which will include all his local and Inland transportation, and packing and forwarding charges up to the destination.  The contractor will be required to furnish proof in support of dispatching the consignment.

12.0
BOREHOLE LOGS OR TRIAL PIT LOGS

A record of all field tests conducted will be recorded in the form of borehole logs or trial pits logs and submitted as part of the complete geotechnical report. The logs will include:
1) Borehole/trial pit number.

2) Date and time of start and termination.

3) Existing ground level.

4) Type and diameter of drilling at different depths including details of casing used, if any.

5) Description and depth of different soil/rock strata encountered.

6) Depths at which SPT, UDS samples collected and corresponding SPT N values.

7) Core recovery and RQD data.

8) Groundwater levels in borehole.

9) Depth of termination of borehole.

10) Any peculiar or unusual characteristic or subsurface condition noted in the borehole such as artesian groundwater conditions, presence of weak layers, etc.  

13.0
LABORATORY TESTS
Laboratory tests shall be conducted on disturbed and undisturbed soil, rock and water samples retrieved from boreholes and trial pits in the course of the geotechnical field investigation.  The number of tests shall be in accordance with BOQ.   Laboratory tests shall include:

A) ON SOIL SAMPLES:
1) Grain Size Analysis



IS2720 (Part IV)

2) Atterberg Limits




IS2720 (Part V and VI)

3) pH value, Sulphate and Chloride Content
IS2720 (Part 26 and 27)

4) CBR Tests




IS2720 (Part 25)

5) Moisture content:



IS2720 (Part II)
6) Specific Gravity 




IS2720 (Part III)
7) Consolidation Tests on UDS Samples
IS2720 (Part 15)
8) Triaxial Tests




IS2720 (Part 12)
9) Unconfined compression Test


IS2720 (Part 10)
10) Direct Shear Tests



IS2720 (Part 11)

11) **Free Swell Tests



IS2720
12) **Swelling Pressure Tests 


IS2720 (Part 15)

B) ON ROCK SAMPLES:

13) Compressive strength Test


IS9143

14) Moisture Content



IS1124

15) Density and Specific Gravity


IS1122

16) Modulus of Elasticity



IS9221

C) ON GROUNDWATER SAMPLES:

1) pH value, Sulphate content, chloride content and organic matter Tests

** These soil tests (Free swell and Swelling pressure tests) shall be conducted on shallow soil samples within the top 3m, even if not specified in the BOQ, if soil liquid limit exceeds 45%. 

14.0 SUBMITTING GEOTECHNICAL INVESTIGATION REPORT IN STANDARD PROFORMA AS DIRECTED IN MINIMUM 3 HARD COPIES DULY SIGNED AND STAMPED:

1)  The contractor is required to submit the field and laboratory data during progress of work as well as at the end of field / laboratory work duly compiled in the report form as required.  Wherever data is required to be presented in graphical form, the contractor will submit the information as directed.

2)  During currency of work the contractor will also submit similar information for the completed field work in progressive manner (Say after every one bore hole) to enable engineering evaluation concurrently with progress of work.

3)  After completion of field and laboratory work the contractor shall compile all data and submit the final report in required number of copies with a minimum of 3 copies.

I.
CONTENT OF THE GEOTECHNICAL INVESTIGATION REPORT WILL INCLUDE:
1. General conditions of the site.

2. Scope of Work.

3. Referenced Standards and Documents.

4. Geological conditions of the site.

5. Detailed description of all encountered soil and rock layers.

6. Hydrogeological conditions of the site.
7. Compiled Results of all field and laboratory tests completed for the investigation, including borehole logs.

8. Relevant cross sections of subsurface profile for the area. 
9. Providing foundation recommendations including type of foundations and design parameters for the same including allowable bearing capacity for shallow foundations for various footing depths and widths, for both shear failure as well as for settlement criteria.

10. If deep foundations are envisaged, then providing detailed pile type, appropriate pile construction methodology, and pile capacities for various termination levels, including vertical downward, uplift and lateral capacities.  Depth of fixity for lateral loads shall also be provided.  

11. Providing detailed calculations including settlement analysis of shallow or deep foundations.  Provide vertical modulus of subgrade reactions to be utilized for design of shallow foundations and /or pile foundations.
12. Suggesting ground improvement schemes if practically feasible and providing design parameters for the same.
13. Suggested systems(s) for retention of the perimeter for additional excavations, including methods and sequences.

14. System(s) to control ground water both during construction and for the completed project. For permanent condition, provide recommendations for design of foundation for hydrostatic pressure.

15. Filling and compaction requirements with special considerations for vehicular pavements, over-excavated zones along the perimeter of the site.

16. Evaluate the seismicity characteristics of the site including identification of any underlying faulting conditions.  Seismicity report shall include appropriate site and foundation system coefficients and liquefaction potential, if any.  

17. Lateral pressures to be used for the design of permanent retaining and/or basement walls, and temporary excavation retention system walls, if any.

18. Basic considerations for development of pavements, and slabs-on-grade both rigid and flexible, with special consideration to vehicular pavement slabs.

19.  Provide/verify chemical analyses of the ground water, and soils as found at various elevations, and recommend necessary precautions relative to the durability of foundation elements and other below grade systems.

4)  MODE OF PAYMENT:
The contractor will submit final geotechnical investigation report together with field / laboratory data intermittently submitted as per the provisions of the tender as above.  The payment against this item will only be released after acceptance of the report which will incorporate comments of the Consultants, if any.

