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2.1.1 Boreholes summary

Borehole plan of above mentioned Chainage has been appended as a Annexure-1

S.NO BH. NO.
Old Chainage

(Actual/Theoritical)
New Chainage EASTING NORTHING

GROUND
LEVEL

WATER TABLE

1 BH-U1 11387/11400 11384.783 378478.480 2049801.675 550.431 3.00
2 BH-U2 11435/11450 11435.944 378501.957 2049756.142 550.287 3.00
3 BH-U3 11500 11497.511 378512.504 2049695.537 550.312 5.50
4 BH-U4 11550/11544 11542.491 378519.941 2049651.669 550.052 2.50
5 BH-U5 11600 11597.026 378531.883 2049598.476 549.905 2.80
6 BH-U6 11666 11665.262 378548.080 2049532.177 550.422 3.50
7 BH-U7 11705/11700 11705.404 378559.461 2049493.588 550.27 4.50
8 BH-U8 11745/11750 11742.082 378573.228 2049459.084 550.865 3.00

9 BH-U9 11813/11800 11812.424 378600.274 2049393.052 551.265 3.20
10 BH-U11 11900 11896.08 378590.167 2049305.069 552.316 1.30
11 BH-U12 11950 11951.941 378611.311 2049252.557 553.035 6.00
12 BH-U13 12000 12007.2 378648.639 2049204.801 553.436 3.00
13 BH-U14 12050 12054.403 378647.072 2049155.124 553.721 7.50
14 BH-U15 12100 12104.684 378666.345 2049107.303 555.033 2.50
15 BH-U16 12150 12138.566 378674.634 2049069.477 555.722 5.50
16 BH-U17 12200 12190.192 378727.846 2049045.633 555.382 5.00
17 BH- 12235 12226.852 378770.878 2049044.064 555.517 2.50
18 BH-U18 12284/12275 12277.614 378812.992 2049024.409 555.128 4.50
19 BH-U19 12315/12325 12300.421 378828.035 2049004.235 555.371 3.00
20 BH-U20 12375 12338.353 378853.249 2048956.237 554.792 2.50
21 BH-U21 12425 12416.614 378928.775 2048934.704 554.025 2.50
22 BH-U22 12475 12457.504 378968.933 2048926.648 553.810 2.50

23 BH-U23 12525 12507.165 379017.928 2048917.717 553.592 3.50
24 BH-U24 12575 12550.193 379066.110 2048931.901 553.554 4.50
25 BH-U27 12750 12714.555 379224.885 2048889.399 551.432 5.60
26 BH-U28 12800 12762.241 379272.889 2048884.485 551.156 4.50
27 BH-U29 12850 12813.553 379323.548 2048875.391 549.325 4.50
28 BH-U30 12900 12854.523 379371.030 2048895.036 549.412 7.00
29 BH-U31 12950 12907.931 379422.247 2048879.788 548.989 6.50
30 BH-U32 13000 12950.543 379473.014 2048905.508 549.155 4.40
31 BH-U33 13050 12992.107 379512.969 2048894.007 549.055 8.00
32 BH-U34 13100 13003.25 379509.584 2048837.005 542.188 3.50

33 BH-U35 13150 3.10

34 BH-U36 13250/13200 13113.246 379596.696 2048735.328 541.850 4.00
35 BH-U39 13375/13395 13268.777 379756.462 2048732.117 549.185 13.50
36 BH- 13475 2.80
37 BH- 13525 3.00
38 BH- 13575 13410.512 379798.120 2048590.448 543.478 2.50
39 BH- 13625 13453.994 379804.717 2048552.022 545.779 7.50
40 BH- 13650 13509.359 379855.299 2048527.029 547.465 4.600
41 BH- 13700 13557.872 379840.424 2048478.975 547.949 5.10

42 BH- 13750 13617.497 379840.398 2048436.756 547.692 4.80

43 BH- 13800 13663.037 379841.432 2048395.633 547.586 4.40
44 BH- 13900 13833.964 379750.565 2048311.361 548.551 4.70
45 BH- 13950 13896.509 379711.588 2048294.863 550.822 4.50
46 BH- 14075 14043.004 379615.870 2048214.316 553.639 2.50
47 BH- 14100 14039.541 379667.602 2048156.518 552.451 8.70

Not Available

Not Available
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Annexure 1

Borehole Log
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Annexure-2

Lab Test Results
On Rock
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Annexure-3

Lab test results on Soil sample
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BH -U1 0.00 - 2.00 DS  -----  -----  ----- SC 0 57 20 23 14 4 10 -----  -----  -----  -----  -----  -----  -----  ----- 2.61  -----

BH -U1 2.00 - 2.50 SPT  -----  -----  ----- CL 7 27 29 37 31 12 19 6  -----  -----  -----  -----  -----  -----  ----- 2.57  -----

CHEM     : Tuu       : Triaxial Test ( Unconsolidated Undrained ) SP    : Swelling Pressure or Swelling Potential Test f      : Angle of Internal Friction 

COMP   : Tcu       : Triaxial Test ( Consolidated Undrained ) SPT  : Standard Penetration Test Sample Cc      : Undrained Cohesion

DS         : Tcd       : Triaxial Test ( Consolidated Drained ) UDS   : Undisturbed Soil Sample f'     :
K            : NP        : Non Plastic VL     : Laboratory Vane Shear Test Cc'    : Effective Cohesion

FSI        : SL        : Shrikage Limit Test UC     : Unconfined Compression Test  ----->  Combined Silt + ClayFree Swell Test
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CHEM     : Tuu       : Triaxial Test ( Unconsolidated Undrained ) SP    : Swelling Pressure or Swelling Potential Test f      : Angle of Internal Friction 

COMP   : Tcu       : Triaxial Test ( Consolidated Undrained ) SPT  : Standard Penetration Test Sample Cc      : Undrained Cohesion

DS         : Tcd       : Triaxial Test ( Consolidated Drained ) UDS   : Undisturbed Soil Sample f'     :
K            : NP        : Non Plastic VL     : Laboratory Vane Shear Test Cc'    : Effective Cohesion

FSI        : SL        : Shrikage Limit Test UC     : Unconfined Compression Test  ----->  Combined Silt + Clay
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BH -U4 0.00 - 2.00 DS  -----  -----  ----- SC 3 58 17 22 19 5 14 -----  -----  -----  -----  -----  -----  -----  ----- 2.61  -----

CHEM     : Tuu       : Triaxial Test ( Unconsolidated Undrained ) SP    : Swelling Pressure or Swelling Potential Test f      : Angle of Internal Friction 

COMP   : Tcu       : Triaxial Test ( Consolidated Undrained ) SPT  : Standard Penetration Test Sample Cc      : Undrained Cohesion

DS         : Tcd       : Triaxial Test ( Consolidated Drained ) UDS   : Undisturbed Soil Sample f'     :
K            : NP        : Non Plastic VL     : Laboratory Vane Shear Test Cc'    : Effective Cohesion

FSI        : SL        : Shrikage Limit Test UC     : Unconfined Compression Test  ----->  Combined Silt + Clay
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BH -U5 0.00 - 2.50 DS  -----  -----  ----- SC 3 66 13 18 11 3 8 -----  -----  -----  -----  -----  -----  -----  ----- 2.61  -----

CHEM     : Tuu       : Triaxial Test ( Unconsolidated Undrained ) SP    : Swelling Pressure or Swelling Potential Test f      : Angle of Internal Friction 

COMP   : Tcu       : Triaxial Test ( Consolidated Undrained ) SPT  : Standard Penetration Test Sample Cc      : Undrained Cohesion

DS         : Tcd       : Triaxial Test ( Consolidated Drained ) UDS   : Undisturbed Soil Sample f'     :
K            : NP        : Non Plastic VL     : Laboratory Vane Shear Test Cc'    : Effective Cohesion

FSI        : SL        : Shrikage Limit Test UC     : Unconfined Compression Test  ----->  Combined Silt + ClayFree Swell Test
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BH -U11 0.00 - 2.00 DS  -----  -----  ----- SC 2 61 17 20 14 5 9 -----  -----  -----  -----  -----  -----  -----  ----- 2.63  -----

CHEM     : Tuu       : Triaxial Test ( Unconsolidated Undrained ) SP    : Swelling Pressure or Swelling Potential Test f      : Angle of Internal Friction 

COMP   : Tcu       : Triaxial Test ( Consolidated Undrained ) SPT  : Standard Penetration Test Sample Cc      : Undrained Cohesion

DS         : Tcd       : Triaxial Test ( Consolidated Drained ) UDS   : Undisturbed Soil Sample f'     :
K            : NP        : Non Plastic VL     : Laboratory Vane Shear Test Cc'    : Effective Cohesion

FSI        : SL        : Shrikage Limit Test UC     : Unconfined Compression Test  ----->  Combined Silt + Clay
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Client Date: 29.06.2017

Geotechnical Investigation along both the corridors for Pune Metro Rail Project

Nagpur Metro Rail Corporation Limited

Location All India Radio Gate (CH-11900)
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BH -U13 0.00 - 2.00 DS  -----  -----  ----- SC 3 63 15 19 13 4 9 -----  -----  -----  -----  -----  -----  -----  ----- 2.64  -----

CHEM     : Tuu       : Triaxial Test ( Unconsolidated Undrained ) SP    : Swelling Pressure or Swelling Potential Test f      : Angle of Internal Friction 

COMP   : Tcu       : Triaxial Test ( Consolidated Undrained ) SPT  : Standard Penetration Test Sample Cc      : Undrained Cohesion

DS         : Tcd       : Triaxial Test ( Consolidated Drained ) UDS   : Undisturbed Soil Sample f'     :
K            : NP        : Non Plastic VL     : Laboratory Vane Shear Test Cc'    : Effective Cohesion

FSI        : SL        : Shrikage Limit Test UC     : Unconfined Compression Test  ----->  Combined Silt + Clay

Geotechnical Investigation along both the corridors for Pune Metro Rail Project

Nagpur Metro Rail Corporation Limited

Location Shivajinagar Police Station (CH-12000)
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BH -U30 0.00 - 2.00 DS  -----  -----  ----- SC 0 76 11 13 11 4 7 -----  -----  -----  -----  -----  -----  -----  ----- 2.64  -----

CHEM     : Tuu       : Triaxial Test ( Unconsolidated Undrained ) SP    : Swelling Pressure or Swelling Potential Test f      : Angle of Internal Friction 

COMP   : Tcu       : Triaxial Test ( Consolidated Undrained ) SPT  : Standard Penetration Test Sample Cc      : Undrained Cohesion

DS         : Tcd       : Triaxial Test ( Consolidated Drained ) UDS   : Undisturbed Soil Sample f'     :
K            : NP        : Non Plastic VL     : Laboratory Vane Shear Test Cc'    : Effective Cohesion

FSI        : SL        : Shrikage Limit Test UC     : Unconfined Compression Test  ----->  Combined Silt + ClayFree Swell Test
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Project : Geotechnical Investigation along both the corridors for Pune Metro Rail Project

Location Food Grain Godown,Shivajinagar (CH-12850)
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BH -U33 0.00 - 2.00 DS  -----  -----  ----- SC 7 64 17 12 9 3 6 -----  -----  -----  -----  -----  -----  -----  ----- 2.62  -----

CHEM     : Tuu       : Triaxial Test ( Unconsolidated Undrained ) SP    : Swelling Pressure or Swelling Potential Test f      : Angle of Internal Friction 

COMP   : Tcu       : Triaxial Test ( Consolidated Undrained ) SPT  : Standard Penetration Test Sample Cc      : Undrained Cohesion

DS         : Tcd       : Triaxial Test ( Consolidated Drained ) UDS   : Undisturbed Soil Sample f'     :
K            : NP        : Non Plastic VL     : Laboratory Vane Shear Test Cc'    : Effective Cohesion

FSI        : SL        : Shrikage Limit Test UC     : Unconfined Compression Test  ----->  Combined Silt + ClayFree Swell Test
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Location Food Grain Godown,Shivajinagar (CH-13000)
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16383 0.00 - 2.00 DS  -----  -----  ----- CH 6 13 25 56 53 21 32 -----  -----  -----  -----  -----  -----  -----  ----- 2.54  -----

16383 3.00 - 3.15 SPT  -----  -----  ----- SM 9 77  -----  -----  ----- -----  -----  -----  -----  -----  -----  -----  ----- 2.68  -----

16383 4.50 - 4.60 SPT  -----  -----  ----- SM 4 85  -----  -----  ----- -----  -----  -----  -----  -----  -----  -----  ----- 2.69  -----

CHEM     : Tuu       : Triaxial Test ( Unconsolidated Undrained ) SP    : Swelling Pressure or Swelling Potential Test f      : Angle of Internal Friction 

COMP   : Tcu       : Triaxial Test ( Consolidated Undrained ) SPT  : Standard Penetration Test Sample Cc      : Undrained Cohesion

DS         : Tcd       : Triaxial Test ( Consolidated Drained ) UDS   : Undisturbed Soil Sample f'     :
K            : NP        : Non Plastic VL     : Laboratory Vane Shear Test Cc'    : Effective Cohesion

FSI        : SL        : Shrikage Limit Test UC     : Unconfined Compression Test  ----->  Combined Silt + Clay
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Free Swell Test
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 Particle 

% % % % mm mm mm
16383 0.00 - 2.00 CH 6 13 25 56  -----  -----  -----  -----  ----- 53 21 32 DS

16383 3.00 - 3.15 SM 9 77  -----  -----  -----  -----  -----  -----  -----  ----- SPT

16383 4.50 - 4.60 SM 4 85  -----  -----  -----  -----  -----  -----  -----  ----- SPTG
-532
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16465 0.00 - 2.00 DS  -----  -----  ----- CH 0 7 16 77 73 31 42 -----  -----  -----  -----  -----  -----  -----  ----- 2.54  -----

16465 3.00 - 3.20 SPT  -----  -----  ----- GM 73 16  -----  -----  ----- -----  -----  -----  -----  -----  -----  -----  ----- 2.73  -----

16465 4.50 - 4.60 SPT  -----  -----  ----- GM 79 9  -----  -----  ----- -----  -----  -----  -----  -----  -----  -----  ----- 2.74  -----

CHEM     : Tuu       : Triaxial Test ( Unconsolidated Undrained ) SP    : Swelling Pressure or Swelling Potential Test f      : Angle of Internal Friction 

COMP   : Tcu       : Triaxial Test ( Consolidated Undrained ) SPT  : Standard Penetration Test Sample Cc      : Undrained Cohesion

DS         : Tcd       : Triaxial Test ( Consolidated Drained ) UDS   : Undisturbed Soil Sample f'     :
K            : NP        : Non Plastic VL     : Laboratory Vane Shear Test Cc'    : Effective Cohesion

FSI        : SL        : Shrikage Limit Test UC     : Unconfined Compression Test  ----->  Combined Silt + Clay

Permeability Test

Free Swell Test
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 Particle 

% % % % mm mm mm
16465 0.00 - 2.00 CH 0 7 16 77  -----  -----  -----  -----  ----- 73 31 42 DS

16465 3.00 - 3.20 GM 73 16  -----  -----  -----  -----  -----  -----  -----  ----- SPT

16465 4.50 - 4.60 GM 79 9  -----  -----  -----  -----  -----  -----  -----  ----- SPTG
-532

12
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16620 0.00 - 2.00 DS  -----  -----  ----- CH 0 5 31 64 61 28 33 -----  -----  -----  -----  -----  -----  -----  ----- 2.54  -----

16620 4.50 - 4.60 SPT  -----  -----  ----- SM 0 87  -----  -----  ----- -----  -----  -----  -----  -----  -----  -----  ----- 2.68  -----

16620 7.50 - 7.60 SPT  -----  -----  ----- SM 0 88  -----  -----  ----- -----  -----  -----  -----  -----  -----  -----  ----- 2.69  -----

CHEM     : Tuu       : Triaxial Test ( Unconsolidated Undrained ) SP    : Swelling Pressure or Swelling Potential Test f      : Angle of Internal Friction 

COMP   : Tcu       : Triaxial Test ( Consolidated Undrained ) SPT  : Standard Penetration Test Sample Cc      : Undrained Cohesion

DS         : Tcd       : Triaxial Test ( Consolidated Drained ) UDS   : Undisturbed Soil Sample f'     :
K            : NP        : Non Plastic VL     : Laboratory Vane Shear Test Cc'    : Effective Cohesion

FSI        : SL        : Shrikage Limit Test UC     : Unconfined Compression Test  ----->  Combined Silt + Clay

Permeability Test

Free Swell Test
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Project : Geotechnical Investigation along both the corridors for Pune Metro Rail Project

Location Swargate  (CH-16620)
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 Particle 

% % % % mm mm mm
16620 0.00 - 2.00 CH 0 5 31 64  -----  -----  -----  -----  ----- 61 28 33 DS

16620 4.50 - 4.60 SM 0 87  -----  -----  -----  -----  -----  -----  -----  ----- SPT

16620 7.50 - 7.60 SM 0 88  -----  -----  -----  -----  -----  -----  -----  ----- SPTG
-532

12
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Elevation  : Date : 14.07.2017

Location        : BH U8  (CH.11800) Test No : 01 Bore Hole : BH U8

Coordinate    : : 30.00

Inclination     : 90.00 ( Deg. With Horizontal ) : NX

: 6.00 To 7.50 m 6.75 Water Table ( m )     : 3.20

1.50 m H1 ( m ) : 0.70

: H2 ( m ) : 3.20

Test Location : Test Below Water Table H(m)=H1+H2/10 : 0.39

Sr. 

No.

P 0             

Kg / cm
2

P            

Kg / cm
2

t               

(min )

Q t                   

( lit )

Q o            

(lit/min)

Q    

lit/min/m
Lugeon

1 0.50 0.89 5.00 54.0 67.0 13.00 2.60 1.733 19.476

2 1.00 1.39 5.00 67.0 79.0 12.00 2.40 1.600 11.511

3 1.50 1.89 5.00 79.0 91.0 12.00 2.40 1.600 8.466

4 1.00 1.39 5.00 91.0 104.0 13.00 2.60 1.733 12.470

5 0.50 0.89 5.00 104.0 116.0 12.00 2.40 1.600 17.978

Sample Calculation :-

As per IS - 5529

P  : P0 + H1 + H2         = 0.890 Kg/cm
2

Q0 : 2.600 lit / min

Q  : 1.733 lit/min/m

GL GL

Test Pressure i.e. P

= 19.5

: B

Saturated Strata Unsaturated Strata

1 :-  Pump Po :-  Gauge Pressure

2 :-  Flow Meter H1 :-  Height of Pressure Gauge

3 :-  Pressure Gauge H2 :-  Depth of Ground Water

4 :-  Drill Hole     or Mid of Test Section to 

5 :-  Injection Pipe     Ground Surface

6 :-  Packer P :-  Effective Pressure

Lugeon :-  Lugeon Value in P :- P0+H/10 or H = H1 + H2

lit/min/m/10Kg/cm
2 t  :-  Injection Time

k :- Permeability Qt  :- Water Volume During time t

in m/sec Q0 :-  Water Volume / mete

 k                          

(m/sec)

551.265

Depth of Bore Hole(m)  

PACKER PERMEABILITY TEST

Project         : Geotechnical Investigation along both the corridors for Pune Metro Project

Diameter ( mm )      

Test Section  

Length of Test Section  :-

Type of Test Double Packer Test

L                    

( m )

Water Meter 

reading                   

Initial       Final

1.25E-04

1.50 1.80E-04

Qt / t                    =

1.50 1.95E-04

1.50 1.15E-04

1.50 8.47E-05

Classification : Turbulent flow

1.50

Q0 / L                   =

Lugeon  :-
Q * 1 Mpa

lit/min/m/10Kg/cm
2 

Group   
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Elevation  : Date : 15.07.2017

Location        :  (CH.15800) Test No : 02 Bore Hole : 0

Coordinate    : : 30.00

Inclination     : 90.00 ( Deg. With Horizontal ) : NX

: 6.00 To 7.50 m 6.75 Water Table ( m )     : 4.70

1.50 m H1 ( m ) : 0.70

: H2 ( m ) : 4.70

Test Location : Test Below Water Table H(m)=H1+H2/10 : 0.54

Sr. 

No.

P 0             

Kg / cm
2

P            

Kg / cm
2

t               

(min )

Q t                   

( lit )

Q o            

(lit/min)

Q    

lit/min/m
Lugeon

1 0.50 1.04 5.00 117.0 119.0 2.00 0.40 0.267 2.564

2 1.00 1.54 5.00 119.0 122.0 3.00 0.60 0.400 2.597

3 1.50 2.04 5.00 122.0 124.0 2.00 0.40 0.267 1.307

4 1.00 1.54 5.00 124.0 126.0 2.00 0.40 0.267 1.732

5 0.50 1.04 5.00 126.0 129.0 3.00 0.60 0.400 3.846

Sample Calculation :-

As per IS - 5529

P  : P0 + H1 + H2         = 1.040 Kg/cm
2

Q0 : 0.400 lit / min

Q  : 0.267 lit/min/m

GL GL

Test Pressure i.e. P

= 2.6

: B

Saturated Strata Unsaturated Strata

1 :-  Pump Po :-  Gauge Pressure

2 :-  Flow Meter H1 :-  Height of Pressure Gauge

3 :-  Pressure Gauge H2 :-  Depth of Ground Water

4 :-  Drill Hole     or Mid of Test Section to 

5 :-  Injection Pipe     Ground Surface

6 :-  Packer P :-  Effective Pressure

Lugeon :-  Lugeon Value in P :- P0+H/10 or H = H1 + H2

lit/min/m/10Kg/cm
2 t  :-  Injection Time

k :- Permeability Qt  :- Water Volume During time t

in m/sec Q0 :-  Water Volume / mete

MONARCH SURVEYORS & ENGINEERING CONSULTANTS PVT.LTD Job No. : G-532

Lugeon  :-
Q * 1 Mpa

lit/min/m/10Kg/cm
2 

Group   

Classification : Turbulent flow

Q0 / L                   =

 k                          

(m/sec)

1.50 2.56E-05

1.50 2.60E-05

1.50 1.31E-05

L                    

( m )

Water Meter 

reading                   

Initial       Final

1.50 1.73E-05

1.50 3.85E-05

Qt / t                    =

Diameter ( mm )      

Test Section  

Length of Test Section  :-

Type of Test Double Packer Test

Depth of Bore Hole(m)  

PACKER PERMEABILITY TEST

Project         : Geotechnical Investigation along both the corridors for Pune Metro Project
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Elevation  : Date : 15.07.2017

Location        : U19  (CH.12325) Test No : 03 Bore Hole : U19

Coordinate    : : 30.00

Inclination     : 90.00 ( Deg. With Horizontal ) : NX

: 6.00 To 7.50 m 6.75 Water Table ( m )     : 3.00

1.50 m H1 ( m ) : 0.70

: H2 ( m ) : 3.00

Test Location : Test Below Water Table H(m)=H1+H2/10 : 0.37

Sr. 

No.

P 0             

Kg / cm
2

P            

Kg / cm
2

t               

(min )

Q t                   

( lit )

Q o            

(lit/min)

Q    

lit/min/m
Lugeon

1 0.50 0.87 5.00 130.0 140.0 10.00 2.00 1.333 15.326

2 1.00 1.37 5.00 140.0 151.0 11.00 2.20 1.467 10.706

3 1.50 1.87 5.00 151.0 161.0 10.00 2.00 1.333 7.130

4 1.00 1.37 5.00 161.0 170.0 9.00 1.80 1.200 8.759

5 0.50 0.87 5.00 170.0 180.0 10.00 2.00 1.333 15.326

Sample Calculation :-

As per IS - 5529

P  : P0 + H1 + H2         = 0.870 Kg/cm
2

Q0 : 2.000 lit / min

Q  : 1.333 lit/min/m

GL GL

Test Pressure i.e. P

= 15.3

: B

Saturated Strata Unsaturated Strata

1 :-  Pump Po :-  Gauge Pressure

2 :-  Flow Meter H1 :-  Height of Pressure Gauge

3 :-  Pressure Gauge H2 :-  Depth of Ground Water

4 :-  Drill Hole     or Mid of Test Section to 

5 :-  Injection Pipe     Ground Surface

6 :-  Packer P :-  Effective Pressure

Lugeon :-  Lugeon Value in P :- P0+H/10 or H = H1 + H2

lit/min/m/10Kg/cm
2 t  :-  Injection Time

k :- Permeability Qt  :- Water Volume During time t

in m/sec Q0 :-  Water Volume / mete

MONARCH SURVEYORS & ENGINEERING CONSULTANTS PVT.LTD Job No. : G-532

Lugeon  :-
Q * 1 Mpa

lit/min/m/10Kg/cm
2 

Group   

Classification : Turbulent flow

Q0 / L                   =

 k                          

(m/sec)

1.50 1.53E-04

1.50 1.07E-04

1.50 7.13E-05

L                    

( m )

Water Meter 

reading                   

Initial       Final

1.50 8.76E-05

1.50 1.53E-04

Qt / t                    =

Diameter ( mm )      

Test Section  

Length of Test Section  :-

Type of Test Double Packer Test

Depth of Bore Hole(m)  

PACKER PERMEABILITY TEST

Project         : Geotechnical Investigation along both the corridors for Pune Metro Project

555.371
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Elevation  : Date : 17.07.2017

Location        :  (CH.14075) Test No : 04 Bore Hole : 0

Coordinate    : : 30.00

Inclination     : 90.00 ( Deg. With Horizontal ) : NX

: 7.00 To 8.00 m 7.5 Water Table ( m )     : 2.50

1.00 m H1 ( m ) : 0.70

: H2 ( m ) : 2.50

Test Location : Test Below Water Table H(m)=H1+H2/10 : 0.32

Sr. 

No.

P 0             

Kg / cm
2

P            

Kg / cm
2

t               

(min )

Q t                   

( lit )

Q o            

(lit/min)

Q    

lit/min/m
Lugeon

1 0.50 0.82 5.00 181.0 199.0 18.00 3.60 3.600 43.902

2 1.00 1.32 5.00 199.0 240.0 41.00 8.20 8.200 62.121

3 1.50 1.82 5.00 240.0 268.0 28.00 5.60 5.600 30.769

4 1.00 1.32 5.00 268.0 297.0 29.00 5.80 5.800 43.939

5 0.50 0.82 5.00 297.0 326.0 29.00 5.80 5.800 70.732

Sample Calculation :-

As per IS - 5529

P  : P0 + H1 + H2         = 0.820 Kg/cm
2

Q0 : 3.600 lit / min

Q  : 3.600 lit/min/m

GL GL

Test Pressure i.e. P

= 43.9

: B

Saturated Strata Unsaturated Strata

1 :-  Pump Po :-  Gauge Pressure

2 :-  Flow Meter H1 :-  Height of Pressure Gauge

3 :-  Pressure Gauge H2 :-  Depth of Ground Water

4 :-  Drill Hole     or Mid of Test Section to 

5 :-  Injection Pipe     Ground Surface

6 :-  Packer P :-  Effective Pressure

Lugeon :-  Lugeon Value in P :- P0+H/10 or H = H1 + H2

lit/min/m/10Kg/cm
2 t  :-  Injection Time

k :- Permeability Qt  :- Water Volume During time t

in m/sec Q0 :-  Water Volume / mete

MONARCH SURVEYORS & ENGINEERING CONSULTANTS PVT.LTD Job No. : G-532

Lugeon  :-
Q * 1 Mpa

lit/min/m/10Kg/cm
2 

Group   

Classification : Turbulent flow

Q0 / L                   =

 k                          

(m/sec)

1.00 4.39E-04

1.00 6.21E-04

1.00 3.08E-04

L                    

( m )

Water Meter 

reading                   

Initial       Final

1.00 4.39E-04

1.00 7.07E-04

Qt / t                    =

Diameter ( mm )      

Test Section  

Length of Test Section  :-

Type of Test Double Packer Test

Depth of Bore Hole(m)  

PACKER PERMEABILITY TEST

Project         : Geotechnical Investigation along both the corridors for Pune Metro Project

553.639
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Elevation  : Date : 18.07.2017

Location        :  (CH.15700) Test No : 05 Bore Hole : 0

Coordinate    : : 30.00

Inclination     : 90.00 ( Deg. With Horizontal ) : NX

: 6.00 To 7.50 m 6.75 Water Table ( m )     : 2.50

1.50 m H1 ( m ) : 0.70

: H2 ( m ) : 2.50

Test Location : Test Below Water Table H(m)=H1+H2/10 : 0.32

Sr. 

No.

P 0             

Kg / cm
2

P            

Kg / cm
2

t               

(min )

Q t                   

( lit )

Q o            

(lit/min)

Q    

lit/min/m
Lugeon

1 0.50 0.82 5.00 328.0 333.0 5.00 1.00 0.667 8.130

2 1.00 1.32 5.00 333.0 338.0 5.00 1.00 0.667 5.051

3 1.50 1.82 5.00 338.0 342.0 4.00 0.80 0.533 2.930

4 1.00 1.32 5.00 342.0 347.0 5.00 1.00 0.667 5.051

5 0.50 0.82 5.00 347.0 351.0 4.00 0.80 0.533 6.504

Sample Calculation :-

As per IS - 5529

P  : P0 + H1 + H2         = 0.820 Kg/cm
2

Q0 : 1.000 lit / min

Q  : 0.667 lit/min/m

GL GL

Test Pressure i.e. P

= 8.1

: B

Saturated Strata Unsaturated Strata

1 :-  Pump Po :-  Gauge Pressure

2 :-  Flow Meter H1 :-  Height of Pressure Gauge

3 :-  Pressure Gauge H2 :-  Depth of Ground Water

4 :-  Drill Hole     or Mid of Test Section to 

5 :-  Injection Pipe     Ground Surface

6 :-  Packer P :-  Effective Pressure

Lugeon :-  Lugeon Value in P :- P0+H/10 or H = H1 + H2

lit/min/m/10Kg/cm
2 t  :-  Injection Time

k :- Permeability Qt  :- Water Volume During time t

in m/sec Q0 :-  Water Volume / mete

Depth of Bore Hole(m)  

PACKER PERMEABILITY TEST

Project         : Geotechnical Investigation along both the corridors for Pune Metro Project

564.448

Diameter ( mm )      

Test Section  

Length of Test Section  :-

Type of Test Double Packer Test

Q0 / L                   =

 k                          

(m/sec)

1.50 8.13E-05

1.50 5.05E-05

1.50 2.93E-05

L                    

( m )

Water Meter 

reading                   

Initial       Final

1.50 5.05E-05

1.50 6.50E-05

Qt / t                    =

Lugeon  :-
Q * 1 Mpa

lit/min/m/10Kg/cm
2 

Group   

Classification : Turbulent flow

MONARCH SURVEYORS & ENGINEERING CONSULTANTS PVT.LTD Job No. : G-532
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REPORT ON PRESSUREMETER TEST 

 
1.0 Preamble 

Conducting the dilatometer/pressuremeter test for geotechnical sub-surface work for 

Pune Metro Project to determine the deformation modulus, shear modulus and limiting 

pressure of in-situ rock. 

 

The scope for pressuremeter tests was entrusted to M/s S & R Geotechniques Pvt. Ltd. 

(SRGeo) by Monarch Surveriors & Engineering Consultants Pvt Ltd. 

2.0 Definitions 

The following terms and definitions apply in this report. 

CLIENT – Monarch Surveriors & Engineering Consultants Pvt Ltd. 

Agency for Pressure meter test - M/s S & R Geotechniques Pvt. Ltd. (SRGeo) 

EIC – Engineer –in-Charge 

3.0 Abbreviations 

The following abbreviations may be found in this report 

PMT – Pressure meter test / High Pressure Dilatometer 

4.0 Objective 

The objective of the PMT test is to determine the deformation modulus, shear modulus 

of rock in-situ.  

5.0 Scope of Work 

To carry out the PMT in 5 number of boreholes at a depth as instructed by EIC. The aim 

of the PMT tests is to determine the in-situ deformation modulus of rock using an 

expanding probe (dilatometer) to exert pressure on the wall of a drill hole. The resulting 

diametric hole expansion (dilation) is determined from measurements of the volumetric 

expansion of the probe. Deformability characteristics of the rock mass at the dilatometer 

location may be calculated from the relation between pressure and dilation. 
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6.0 Mobilisation 

      Testing Equipment  

High Pressure Dilatometer or Pressuremeter of 20 Mpa (200 kg/cm2) capacity with 

accessories. 

7.0 Measuring  

For measurement, proceed to the following procedures: 

7.1  Arrange beforehand to let the cable and the High-pressure Water feeding tube  

linked to the Road reducer, and the fix those cable and high-pressure water 

feeding tube to the sonde.  

7.2  Connect the Cable to the Probe of this instrument.  

7.3  Set POWER switch “ON”,  

7.4  Set POWER switch “ON”, stand-by for 2 minutes as warm-up time. 

 7.5 Connect the high-pressure water feeding tube to the High-pressure hand pump. 

7.6  Effect Calibration with the Sonde. For its details, refer to “8.0 CALIBRATION”. 

7.7  Insert the Sonde into the Borehole.  

7.8 Upon setting the Sonde at the measuring point, load the pressure on the Sonde 

using the High-pressure hand pump according to the pressure Loading Pattern set 

planned in advance, so as to load the pressure on the Rubber tube for its getting 

inflated. Record the relationship, on the occasion, between the pressure (“P MPa”) 

and the Displacement (“Rn ). 

7.9 At time shifting the Sonde upon finish with the measurement, observe 

Displacement volume being displayed on the indicator, confirm the rubber tube 

shrunk, and only then proceed to the shift intended. 

7.11 At time of extending the measurements successively in an identical borehole, 

effect the measurement starting with the deepest point followed by the shallower 

point. Such a step may serve to prevent the jamming trouble. 

7.12 At time of Lifting up the Sonde, pull Little the Cable and High-pressure water 

feeding pump so that they may not slacken, and then proceed to lift it up. 

7.13 Upon finish with lifting up the Sonde, wash it with water. 
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8.0 Calibration  

8.1 Calibration the Displacement output  

For calibration, take the following steps:  

8.1.1 Detach the Rubber tube from the Sonde.  

8.1.2 Connect the Sonde to the indicator by the Cable, and the POWER switch “ON”  

8.1.3 As indicated in Fig. 8.1, cover the Sonde with calibration ring. 

 

Fig. 8.1 Covering the Sonde with the calibration ring 

8.1.4 Arrange the contact the section the calibration ring with its inner diameter getting 

smaller.      

 

 

Fig. 3.2 calibration (1) using calibration ring 
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8.1.5  At this time, adjust R.B. trimmer by turning It through the use of trimmer adjusting 

rod so that the display value of the radius on the Indicator may indicate  “0.00”. 

8.1.6  Then, arrange the Arm to contact the section of the calibration ring with it’s inner 

diameter getting Larger. 

 

Fig. 3.3 Calibration (2) using the Calibration ring 

8.1.7  At this time, adjust R.G. trimmer by turning it through the use of trimmer adjusting 

rod so that the display value may rod “10.00”. 
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8.2 Calibration the Pressure output  

Connect each of the System constituting unite illustrated in the Figure below. 

 

 

 

Fig.8.1 Calibrating the Pressure output 

8.2.1 Adjust P.B. trimmer b turning it through the use of Trimmer adjusting rod  

(supplied as one of the typical accessories) so that the Display value of the 

pressure on the indicator under the statues where no pressure has been loaded, 

may read “0.00”. 

8.2.2 Then, Load the pressure approximately 15 MP a by using the High-pressure 

hand pump, and adjust P.G. trimmer by turning it through the use if trimmer 

adjusting rod so that the display value on the indicator may be rendered identical 

to the reference value on the pressure gauge.    

 

8.3 Measuring the Variation with the Thickness of the Rubber tube resulted form the 

various Pressure loader on the Rubber tube: 

The Elastmeter function to let the pressure exerted on the borehole wall via Rubber 

tube. Because of its Elasticity retained, rubber indicates the variation with its thickness 

influenced by the pressure varying the Rubber tube thickness. The outer diameter of 

Elastmeter is 70 mm. 
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Meantime, since this thickness variation is caused in case of the loaded pressure 

exceeding 1 MPa, the needed correction is with the data under pressure exceeding 1 

MPa. For conducting the correction, take steps described below to measure the 

variation volume with the thickness of Rubber 

 

8.3.1 As indicate in Fig. 8.1, insert the Elastmeter into the calibration pipe. Meantime, 

as for the Calibration pipe, use the NX class, the same with diameter 76 mm.  

8.3.2 To Get the Rubber tube fitted for its partial use, repeat the pressurization and the 

depressurization each more than three times in advance. 

8.3.3 Effect the depressurization once, then raise the pressure to 1 MPa, read the 

display value (Rp1) with the Displacement on that occasion, and record it one the 

Data sheet.  

8.3.4 Raise the pressure with every step of 0.5 MPa, and record in order, the display  

value (Rp) with the Displacement for each time.  

8.3.5  Repeat the above step till the pressurization will reach the pressure slated to be 

attained in the measurement. 

 

 

9.0 Results  

The Modulus of Elasticity, E as well as Shear Modulus, G values for the various depths 

of boreholes are tabulated in Annexure I. The Modulus of elasticity, E value ranges from 

7.33 x 105 kg/cm2 to 1.05 x 105 kg/cm2 (Average Value 1.10 x 105 kg/cm2 ) and Shear 

Modulus, G values ranges from 6.80 x 104 kg/cm2 to 1.24 x 104 kg/cm2 (Average Value 

4.22 x 104 kg/cm2 ). 

    

 

10.0 Conclusions 

The report above enumerates the factual data obtained from field records through a   

geotechnical investigation carried out at this site. The data presented in this report are 

specific for the boreholes drilled and time at which tests performed and sampling was 

conducted.  
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Project:

Client:  Maharashtra Metro Rail Corporation Ltd.

Shear 

Modulus, G

Limit Pressure, 

Pl

Mpa kg/cm
2

kg/cm
2

kg/cm
2

1 Ch. 15700 6.00 10456.06 1.05E+05 4.02E+04 175

2 Ch.15400 6.00 7327.12 7.33E+04 2.82E+04 200

3 Ch.11950 7.00 3218.29 3.22E+04 1.24E+04 120

4 Ch.13375 12.00 17692.74 1.77E+05 6.80E+04 185

6 Ch.16500 13.00 16114.15 1.61E+05 6.20E+04 200

Depth, m 

Below FL

Chainage 

NumberSr No

Modulus of Elasticity, 

E

SUMMERY OF PRESSUREMETER TEST RESULTS

Pressuremeter Test For Geotechnical Sub- Surface Investigation 

Work For Pune Metro
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Project:

 - Pressuremeter Test

Client:

Determination of Modulus of Elasticity and Shear Modulus

CH No - 15700 Depth -  6 m Below founding Level

S/p = ( Rc
2 - ( Rp1

 + 23.5)2)

where, Rc - Inner Radius of of Calibration Pipe.

           Rp1 = Indicated value of the displacement under the pressure at 1 Mpa.

S/p =( (382 - ( 2.16 + 23.5)2)

      = 785.56

E  = (1 + m) * r * K

Where K =DP/DR  = (17.50- 0.50)/(37.89 - 37.81) = 212.5

m = poisson's ratio = 0.3 ( For rock the poisson's ratio ranges from 0.3 to 0.4)

r = intermediate radius for the section to calculate K value = 37.85

E = 10456.063 Mpa

 = 104560.6 kg/cm2

Shear Modulus, G = E/2(1+m)      =   104560.6/(2(1+0.3)) 

               = 40215.625 kg/cm2

Maharashtra Metro Rail Corporation Ltd.

Pressuremeter Test For Geotechnical Sub- Surface Investigation Work For Pune Metro

UGC-02 - Corrigendum III - Annexure 5
Revised GFR



 

 

 

 

 

Annexure I 

Pressuremeter data sheet

and Graphs 
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Project:

Client:

PRESSUREMETER DATA SHEET

CH No 11950                Date 25-7-2017

Depth of test 7.0  m Below EGL 

Sr No
Pressure                

P (Mpa)

Displacement  

Display Value 

Rn (mm)

Inner Radius 

display value     

Ri = Rn  + 23.5

Pressure 

Variation             

P' = P - 1

Thickness 

Correction 

Volume    

PG = P'/k

Reference 

Inner radius                     

Rs = Ri - PG

Borehole radius              

R =  ( Rs2 + 

(S/3.14))1/2

1 0.00 -2.20 21.30 -1.00 -0.03 21.33 35.22

2 0.50 3.26 26.76 -0.50 -0.01 26.77 38.76

3 1.00 5.62 29.12 0.00 0.00 29.12 40.42

4 1.50 5.64 29.14 0.50 0.01 29.13 40.42

5 2.00 5.67 29.17 1.00 0.03 29.15 40.44

6 2.50 5.69 29.19 1.50 0.04 29.15 40.44

7 3.00 5.72 29.22 2.00 0.05 29.17 40.45

8 3.50 5.74 29.24 2.50 0.06 29.18 40.46

9 4.00 5.76 29.26 3.00 0.08 29.19 40.46

10 4.50 5.78 29.28 3.50 0.09 29.19 40.47

11 5.00 5.81 29.31 4.00 0.10 29.21 40.48

12 5.50 5.83 29.33 4.50 0.11 29.22 40.49

13 6.00 5.86 29.36 5.00 0.13 29.24 40.50

14 6.50 5.89 29.39 5.50 0.14 29.25 40.51

15 7.00 5.92 29.42 6.00 0.15 29.27 40.53

16 7.50 5.94 29.44 6.50 0.16 29.28 40.53

17 8.00 5.96 29.46 7.00 0.18 29.29 40.54

18 8.50 5.98 29.48 7.50 0.19 29.29 40.54

19 9.00 6.01 29.51 8.00 0.20 29.31 40.55

20 9.50 6.04 29.54 8.50 0.21 29.33 40.57

21 10.00 6.06 29.56 9.00 0.23 29.34 40.57

22 10.50 6.08 29.58 9.50 0.24 29.34 40.58

23 11.00 6.10 29.60 10.00 0.25 29.35 40.58

24 11.50 6.12 29.62 10.50 0.26 29.36 40.59

25 12.00 6.15 29.65 11.00 0.28 29.38 40.60

26 12.50

27 13.00

28 13.50

29 14.00

30 14.50

31 15.00

32 15.50

33 16.00

34 16.50

35 17.00

36 17.50

37 18.00

38 18.50

39 19.00

40 19.50

41 20.00

Maharashtra Metro Rail Corporation Ltd.

Pressuremeter Test For Geotechnical Sub- Surface Investigation Work For Pune Metro
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Project:

Client:    Maharashtra Metro Rail Corporation Ltd.

Pressure Vs Deformation Curve For CH No. 11950 at Depth - 7.0 m BGL

Pressuremeter Test For Geotechnical Sub- Surface Investigation Work For Pune Metro
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Project:

Client:

PRESSUREMETER DATA SHEET

CH No 13375                Date 25-7-2017

Depth of test 12.0  m Below EGL 

Sr No
Pressure                

P (Mpa)

Displacement  

Display Value 

Rn (mm)

Inner Radius 

display value     

Ri = Rn  + 23.5

Pressure 

Variation             

P' = P - 1

Thickness 

Correction 

Volume    

PG = P'/k

Reference 

Inner radius                     

Rs = Ri - PG

Borehole radius              

R =  ( Rs2 + 

(S/3.14))1/2

1 0.00 -2.04 21.46 -1.00 -0.03 21.49 35.32

2 0.50 1.89 25.39 -0.50 -0.01 25.40 37.83

3 1.00 1.90 25.40 0.00 0.00 25.40 37.82

4 1.50 1.91 25.41 0.50 0.01 25.40 37.82

5 2.00 1.91 25.41 1.00 0.03 25.39 37.81

6 2.50 1.92 25.42 1.50 0.04 25.38 37.81

7 3.00 1.93 25.43 2.00 0.05 25.38 37.81

8 3.50 1.94 25.44 2.50 0.06 25.38 37.81

9 4.00 1.96 25.46 3.00 0.08 25.39 37.81

10 4.50 1.98 25.48 3.50 0.09 25.39 37.82

11 5.00 1.98 25.48 4.00 0.10 25.38 37.81

12 5.50 1.99 25.49 4.50 0.11 25.38 37.81

13 6.00 2.00 25.50 5.00 0.13 25.38 37.81

14 6.50 2.00 25.50 5.50 0.14 25.36 37.80

15 7.00 2.01 25.51 6.00 0.15 25.36 37.80

16 7.50 2.03 25.53 6.50 0.16 25.37 37.80

17 8.00 2.04 25.54 7.00 0.18 25.37 37.80

18 8.50 2.04 25.54 7.50 0.19 25.35 37.79

19 9.00 2.04 25.54 8.00 0.20 25.34 37.78

20 9.50 2.06 25.56 8.50 0.21 25.35 37.79

21 10.00 2.07 25.57 9.00 0.23 25.35 37.79

22 10.50 2.08 25.58 9.50 0.24 25.34 37.79

23 11.00 2.10 25.60 10.00 0.25 25.35 37.79

24 11.50 2.11 25.61 10.50 0.26 25.35 37.79

25 12.00 2.13 25.63 11.00 0.28 25.36 37.79

26 12.50 2.15 25.65 11.50 0.29 25.36 37.80

27 13.00 2.15 25.65 12.00 0.30 25.35 37.79

28 13.50 2.16 25.66 12.50 0.31 25.35 37.79

29 14.00 2.17 25.67 13.00 0.33 25.35 37.79

30 14.50 2.18 25.68 13.50 0.34 25.34 37.79

31 15.00 2.19 25.69 14.00 0.35 25.34 37.78

32 15.50 2.19 25.69 14.50 0.36 25.33 37.78

33 16.00 2.21 25.71 15.00 0.38 25.34 37.78

34 16.50 2.22 25.72 15.50 0.39 25.33 37.78

35 17.00 2.24 25.74 16.00 0.40 25.34 37.78

36 17.50 2.25 25.75 16.50 0.41 25.34 37.78

37 18.00 2.26 25.76 17.00 0.43 25.34 37.78

38 18.50 2.27 25.77 17.50 0.44 25.33 37.78

39 19.00

40 19.50

41 20.00

Maharashtra Metro Rail Corporation Ltd.
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Project:

Client: Maharashtra Metro Rail Corporation Ltd. 

Pressure Vs Deformation Curve For CH No. 13375 at Depth - 12.0 m BGL

Pressuremeter Test For Geotechnical Sub- Surface Investigation Work For Pune Metro
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Project:

 - Pressuremeter Test

Client:

Probe No 1 Date 25-Jul-17

Sr No
Pressure                

P (Mpa)

Displacement  

Rp (mm)

Pressure Variation    

P' = P - 1      

Thickness Correction 

Volume                                

R' = Rp - Rp1
1 0.00 - - -
2 0.50 - - -

3 1.00 2.16 0.00 0.00

4 1.50 2.18 0.50 0.02
5 2.00 2.18 1.00 0.02
6 2.50 2.20 1.50 0.04
7 3.00 2.21 2.00 0.05
8 3.50 2.23 2.50 0.07
9 4.00 2.24 3.00 0.08
10 4.50 2.25 3.50 0.09
11 5.00 2.26 4.00 0.10
12 5.50 2.28 4.50 0.12
13 6.00 2.29 5.00 0.13
14 6.50 2.30 5.50 0.14
15 7.00 2.31 6.00 0.15
16 7.50 2.32 6.50 0.16
17 8.00 2.33 7.00 0.17
18 8.50 2.34 7.50 0.18
19 9.00 2.35 8.00 0.19
20 9.50 2.36 8.50 0.20
21 10.00 2.37 9.00 0.21
22 10.50 2.38 9.50 0.22
23 11.00 2.40 10.00 0.24
24 11.50 2.41 10.50 0.25
25 12.00 2.42 11.00 0.26
26 12.50 2.43 11.50 0.27
27 13.00 2.44 12.00 0.28
28 13.50 2.45 12.50 0.29
29 14.00 2.46 13.00 0.30
30 14.50 2.47 13.50 0.31
31 15.00 2.48 14.00 0.32
32 15.50 2.49 14.50 0.33
33 16.00 2.50 15.00 0.34
34 16.50 2.51 15.50 0.35
35 17.00 2.52 16.00 0.36
36 17.50 2.53 16.50 0.37
37 18.00 2.55 17.00 0.39
38 18.50 2.56 17.50 0.40
39 19.00 2.57 18.00 0.41
40 19.50 2.57 18.50 0.41

Calibration Data Sheet
Maharashtra Metro Rail Corporation Ltd.

Pressuremeter Test For Geotechnical Sub- Surface Investigation Work For Pune 

Metro
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 - Pressuremeter Test

Client:   Maharashtra Metro Rail Corporation Ltd. 

Pressuremeter Test For Geotechnical Sub- Surface Investigation Work For Pune Metro
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Calibration Curve for Probe 1

k = (16.0 - 8.50)/(0.34-0.16)         
= 41.67   
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