Ludhiana-Ambala Section (DFCCIL) Alignment No. 339/1

Geo-technical Investigation

38.1 LOCATION OF STRUCTURE:
Alignment at existing km 339/1.
38.2 BOREHOLE DESCRIPTIONS:
(a) Location of Structure, Boreholes with RL shown in FIGURE-1.
(b) Subsurface Characteristic of Soil/Rock shown in ANNEXURE-I.
(c) Borelogs and sub soil profile shown in ANNEXURE-II.
(d) Calculations of Safe Bearing Capacities in ANNEXURE-III.
(e) Calculations of Probable Settlement in ANNEXURE-IV.
(f) Depth of water Table 218.00m below EGL.
Subsurface profile at the site
BOREHOLE Depth Type of Soil/Rock Soil/Rock
No. (m) Characteristics
0.00 to 1.50 Sandy Silt Loose
BH-1 1.50 to 3.00 Silty Sand Loose
3.00 to 12.00 Silty Sand Medium Dense
38.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH | Carbonate |Chlorides| Sulphate | Nitrate | Salinity
(m) % % % % %
BH-1 3.00 8.60 0.002 0.0025 NIL 0.0011 0.0038
38.4 DIFFERENTIAL FREE SWELL INDEX (DFS)
Bore Hole No. Depth (m) DFS Index in %
3.00 NIL
Bkl 9.00 NIL
385 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.50 12.50
3.00 20.00
BH-1
4.50 22.00
6.00 23.00
38.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No. 339/1

38.7 RECOMMENDATIONS

(i) Type of foundation Open foundation
(i) Depth of foundation Below 2.00m from EGL
below GL ;

Note- The above recommendations are based on the field and laboratory tests
conducted on the soil, and our experience in this regard. If the actual subsoil
condition~ during excavation for the foundation differ from the observations
reported here, the design experts/consultants should be referred for suggestion,
further investigations. However, the Depth and Type of foundation is to be
decided by the structure designer depending upon the type of loading/structure
and site conditions.
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ANNEXURE-II
Consulting Engineers Group Ltd., Jaipur Geotechnical Report

BORELOG OF BH—1(LHS) AT EXISTING KM—339/1 FOR ALIGNMENT
ON KESARI TO SANEHWAL, LUDHIANA

Depth (m> N-Values

RL-260.453
0.00 —
1.50 5 <
3.00 : j.";—— uDs
6.00 —K 1 »g 28
S.00 — UDS
12.00 31 31
LEGEND
SYMBOL DESCRIPTION
%///j SANDY SILT
& 4y .| | SILTY SaND
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ANNEXURE - Il

Calculation of SBC for shallow foundations as per IS : 6403 - 1981

INPUT DATA
Alignment at Ch 339/1 BH-1

Type of footing

1 Continuous Strip

2 Rectangular ‘ Rectangular 2

3 Square

4 Circular
Angle of internal friction (o ) 26.00
Cohesion (cin Ym2) 0.00
Void ratio (e) 0.57
Direction of load with vertical ) 0.00
Density of surcharge (t.fma) 1.69
Density of foundation soil (¢Ym®) 1.69
Depth of water table(m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m) Length (m)

1 1.50 3.00 8.00

2 3.00 3.00 8.00

3 4.50 3.00 8.00

4 6.00 3.00 8.00

SHEAR FAILURE CRITERIA

Assumptions and formula used in calculation as per 15:6403-1981 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
Gy = € N:Scdc i + g (Ng-1) 8qdgig + (1/2) B y N, s, d, i, W

The ultimate net bearing capacity in case of local shear failure is given by

Q'a=(2/3) ¢ N'¢s. doic + q (N'-1) 840505 + (1/2) By N, 5, d, i, W
Where,

d. = 1+ 0.2 (D/B)*SQRT(N,)

d,=d, = 1for ¢ <10°

d,=d, = 1+0.1 (D/B)*SQRT(N,) for ¢ >10°

N, = tan’(n/4 +$/2)

¢' for local shear failure = tan™ ( 0.67 tang )

QUTPUT
The computer aided results for shear failure criteria are tabulated below. The results are

interpolated values of bearing capacity obtained from general and local shear failure
criteria.
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Bearing capacity factors :

ANNEXURE - lll

(] 26.00 @' 18.10
Ne 22.60 N'e 13.36
N, 12.21 N, 5.46
N, 13.18 N', 4.35
Shape factors :
Sno.  Width(m)  Length (m) S. Sq S,
1 3.00 8.00 1.08 1.08 0.85
2 3.00 8.00 1.08 1.08 0.85
3 3.00 8.00 1.08 1.08 0.85
4 3.00 8.00 1.08 1.08 0.85
Depth factors :
S.no. Depth{m)  Width(m) dc d, d,
1 1.50 3.00 1.16 1.08 1.08
2 3.00 3.00 1.32 1.16 1.16
3 4.50 3.00 1.48 1.24 1.24
4 6.00 3.00 1.64 1.32 1.32
Inclination factors :
i = (1-0/90) ? ig = (1-at/ 90) ° L=(1-a/d)’
1.00 1.00 1.00
Water table factor :
S.no.  Depth(m) Width(m) Z,/B w
1 1.50 3.00 0.00 0.50
2 3.00 3.00 -0.50 0.50
3 4.50 3.00 -1.00 0.50
4 6.00 3.00 -1.60 0.50
Safe Bearing Capacity
S.no. Depth(m) Width(m)  Length (m) |SBC in (Ym?)
General shea| Local shear Actual
1 1.50 3.00 8.00 16.11 6.06 15.10
2 3.00 3.00 8.00 29.11 11.22 27.32
3 4.50 3.00 8.00 31.12 11.99 29.21
4 6.00 3.00 8.00 33.13 1277 31.09

Page 427 of 513

CONSULTING
Englneers Group Ltd,




ANNEXURE - IV

Settlement Calculation As per IS 8009 (Part 1)

Location Alignment |
Chainage 339/1
Bore Hole No. ] 1
Footing Depth (m) : 1.50 Footing Depth (m) 3.00
SBC (/m2) 12.50 SBC (fm2) 20.00
Average N value 14 Average N value 20
Settlement for 10 t/m2 (mm) 24.00 Seftlement for 10 t/m2 (mm) 15.00
Settlement (mm) for SBC 30.00 Settlement (mm) for SBC 30.00
Depth Correction 0.91 Depth Correction 0.83
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
21.8 19.9
(mm) (mm)
Footing Depth (m) 4.50 Footing Depth (m) 6.00
SBC (Ym2) 22.00 SBC (f/m2) 23.00
Average N value 21 Average N value 25
Settlement for 10 t/m2 (mm) 14.40 Settlement for 10 t/m2 (mm) 13.00
Settlement (mm) for SBC 31.68 Settlement (mm) for SBC 29.90
Depth Correction 0.74 Depth Correction 0.68
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
18.8 16.3
(mm) (mm)

-~ 3337
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No. 337/1

CHAPTER - 39

"Alignment'",

T o= _ 3335 Location - Existing Km. - 337/1
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No. 337/1

39.1

LOCATION OF STRUCTURE:
Alignment at existing km 337/1.

39.2 BOREHOLE DESCRIPTIONS:

(a) Location of Structure, Boreholes with RL shown in FIGURE-I.
(b) Subsurface Characteristic of Soil/Rock shown in ANNEXURE-I.
(c) Borelogs and sub soil profile shown in ANNEXURE-II.

(d) Calculations of Safe Bearing Capacities in ANNEXURE-III.

(e) Calculations of Probable Settlement in ANNEXURE-IV.

(f) Depth of water Table 215.00m below EGL.

Subsurface profile at the site

BOREHOLE Depth Type of Soil/Rock Soil/Rock
No. (m) Characteristics
0.00 to 0.90 Sandy Silt Loose
BHL1 0.90 to 1.50 Silty Sand Loose
1.50 to 3.00 Silty Sand with Clay Loose
3.00 to 12.00 Silty Sand Medium Dense
39.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH | Carbonate | Chlorides | Sulphate | Nilrate | Salinity
(m) % % % % %
BH-1 3.00 8.20 NIL 0.0018 NIL 0.0009 0.023
39.4 DIFFERENTIAL FREE SWELL INDEX (DFS)
Bore Hole No. Depth (m) DFS Index in %
3.00 NIL
. 9.00 NIL
39.5 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m2)
150 12351
3.00 21.00
BH-1
4.50 25.00
6.00 26.00
39.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.

CONSULTING
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No. 337/1

39.7 RECOMMENDATIONS

(i) Type of foundation Open foundation
(i) Depth of foundation Below2.00m from EGL
below GL

Note- The above recommendations are based on the field and laboratory tests
conducted on the soil, and our experience in this regard. If the actual subsoil
conditions during excavation for the foundation differ from the observations
reported here, the design experts/consultants should be referred for suggestion,
further investigations. Howaver, the Depth and Type of foundation is to be
decided by the structure designer depending upon the type of loading/structure
and site conditions.
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ANNEXURE-II
Geotechnical Report

Consulting Engineers Group Ltd., Jaipur
BORELOG OF BH—1(LHS) AT EXISTING KM—337/1 FOR ALIGNMENT
ON KESARI TO SANEHWAL, LUDHIANA
Depth (m N-Vaolues RL-261.344
0.00 - NRZ
0.90 % -
6
1.50 6
3.00 uDs
6.00 —c6 .
2.00 — UDS
12.00 - 30 30
LEGEND
SYMBOL DESCRIPTION
“ - 3343 D | =
- i 4.»"_\1""_'; SILTY SAND
L Il
@.._
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ANNEXURE - 1l

Calculation of SBC for shallow foundations as per IS : 6403 - 1981

INPUT DATA
Alignment at Ch 337/1 BH-1

Type of footing

1 Continuous Strip [

2 Rectangular Rectangular 2

3 Square

4 Circular
Angle of internal friction (¢ °) 28.00
Cohesion {cin tm2) 0.00
Void ratio (e) 0.58
Direction of load with vertical () 0.00
Densily of surcharge (/) 1.70
Density of foundalicn soil (t.'ma) 177
Depth of water table{m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m) Length (m)

1 1.50 3.00 8.00

2 3.00 3.00 8.00

3 4.50 3.00 8.00

4 6.00 3.00 8.00

SHEAR FAILURE CRITERIA

Assumptions and formula used in calculation as per 15:6403-1981 are given below -

The ultimate net bearing capacity in case of general shear failure is given by

G = € Ny S e + G (Ng-1) Sq 0y + (1/2) B ¥ N, 8, i, W

The ultimate net bearing capacity in case of local shear failure is given by
gy = (2/3) c N'cscdeic + g (N'g-1) 8qdqiy + (1/2) B ¥ N' s, d, i, W

Where,

d, = 1+ 0.2 (D/B)*SQRT(N,)

dy,=d,=1for ¢ <10°

d,=d, =1+0.1 (D/B)*SQRT(N,) for ¢ >10°

N, = tan(n/d +¢/2)

¢' for local shear failure = tan™" ( 0.67 tang )

OUTPUT

The computer aided results for shear failure criteria are tabulated below. The results are
interpolated values of bearing capacity obtained from general and local shear failure

criteria.

e
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ANNEXURE - Il

Bearing capacity factors :

¢ 28.00 ¢' 19.61
N, 26.37 N'. 14.53
Nq 15,30 N, 6.21
N, 17.79 N, 518
Shape factors :
S.no.  Width(m)  Length {m) S, Sq S,
1 3.00 8.00 1.08 1.08 0.85
2 3.00 8.00 1.08 1.08 0.85
3 3.00 8.00 1.08 1.08 0.85
4 3.00 8.00 1.08 1.08 0.85
Depth factors :
S.no.  Depth(m)  Width(m) dc dg d,
1 1.50 3.00 1.17 1.08 1.08
2 3.00 3.00 1.33 117 17
3 4.50 3.00 1.50 1.25 1.25
4 6.00 3.00 1.67 1.33 1.33
Inclination factors :
i = (1-0./90) ig= (1-a/ 90) * i, =(1-a/¢)®
1.00 1.00 1.00
Water table factor :
S.no.  Depth(m) Width(m) Z,/B w
1 1.50 3.00 0.00 0.50
2 3.00 3.00 -0.50 0.50
3 4.50 3.00 -1.00 0.50
4 6.00 3.00 -1.50 0.50

Safe Bearing Capacity

Sno. Depth(m)  Width(m)  Length (m) |SBC in (tm?)

General shea| Local shear Actual
1 1.60 3.00 8.00 21.41 7.26 19.29
2 3,00 3.00 8.00 38.30 13.37 34.56
3 4.50 3.00 8.00 41.03 14.32 37.02
4 6.00 3.00 8.00 43.76 15.28 39.49
CONSULTING
E Engineers Group Ltd.
5 - .
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ANNEXURE - IV

Settlement Calculation As per IS 8009 (Part 1)

Location Alignment I
Chainage 337/1
Bore Hole No. 1
Footing Depth (m) 1.50 ; Footing Depth (m) 3.00
SBC (/m2) 12.50 SBC (Ym2) 21.00
Average N value 14 Average N value 19
Settlement for 10 /m2 (mm) 24,00 Settlement for 10 t/m2 (mm) 16.00
Settlement (mm) for SBC 30.00 Settlement (mm) for SBC 33.60
Depth Correction 0.91 Depth Correction 0.83
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
21.8 223
{(mm) (mm)
Footing Depth (m) 4.50 Footing Depth (m) 6.00
SBC (¢/m2) 25.00 SBC (m2) 26.00
Average N value 22 Average N value 22
Settlement for 10 t/m2 (mm) 14.00 Settlement for 10 t/m2 (mm) 14.00
Settlement (mm) for SBC 35.00 Settlement (mm) for SBC 36.40
Depth Correction 0.74 Depth Correction 0.68
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
20.7 19.8
(mm) (mm)
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No. 331

CHAPTER -40

"Alionment'",

| i
€
Mo
L

Location - Existing Km. - 331
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I§ Engineers Group Ltd.
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No, 331
401 LOCATION OF STRUCTURE:
Alignment at existing km 331
40.2 BOREHOLE DESCRIPTIONS:
(a) Location of Structure, Boreholes with RL shown in FIGURE-1.
(b) Subsurface Characteristic of Soil/Rock shown in ANNEXURE-I.
(c) Borelogs and sub soil profile shown in ANNEXURE-II.
(d) Calculations of Safe Bearing Capacities in ANNEXURE-III.
(e) Calculations of Probable Settlement in ANNEXURE-IV.
(f) Depth of water Table >18.00m below EGL.
Subsurface profile at the site
BOREHOLE Depth Type of Soil/Rock Soil/Rock
No. (m) Characteristics
0.00 to 1.50 Sandy Silt with Clay Loose
1.50 to 3.00 Silty Sand Loose
BH-1 3.00 to 5.00 Silty Sand Medium Dense
5.00 to 6.00 Silty Sand with Gravels Medium Dense
6.00 to 12.00 Silty Sand Medium Dense
403 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH Carbonate [Chlorides Sulphate, Nitrate | Salinity
(m) % % %
BH-1 5.00 8.90 0.019 0.0029 NIL 0.0013 0.022
404 DIFFERENTIAL FREE SWELL INDEX (DES)
Bore Hole No. Depth (m) DFS Index in %
BH-1 5.00 NIL
40.5 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.30 12.00
3.00 19.00
BH-1
4.50 21.00
6.00 23.00
40.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No. 331

40.7 RECOMMENDATIONS

(i) Type of foundation Open foundation
- Depth of foundation
(i) fihon GT Below 2.00m from EGL

Note- The above recommendations are based on the field and laboratory tests
conducted on the soil, and our experience in this regard. If the actual subsoil
conditions during excavation for the foundation differ from the observations
reported here, the design experts/consultants should be referred for suggestion,
further investigations. However, the Depth anc' Type of foundation is to be
decided by the structure designer depending upon the type of loading/structure
and site conditions.
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ANNEXURE-II
Geotechnical Report

Consulting Engineers Group Ltd., Jaipur

BORELOG OF BH—1(LHS) AT EXISTING KM—331 FOR ALIGNMENT
ON KESARI TO SANEHWAL, LUDHIANA

N-Volues RL-P63.48

Depth (m>
- NEPZZA

0.00
. 9
A 14
* 4 uDs
ARAL WAL 23
v 27
LEGEND

SYMBOL DESCRIPTION

e v

1,30

3.00

S.00

6.00

2.00

12.00

4o w L] | SILTY SAND
T - 335¢ | ™
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ANNEXURE - il

Calculation of SBC for shallow foundations as per IS : 6403 - 1981

INPUT DATA
Alignment at Ch 331/1 BH-1

Type of footing

1 Continuous Strip

2 Reclangular Rectangular 2

3 Square

4 Circular
Angle of internal friction (¢ °) 27.00
Cchesion (¢ in Ym2) 0.00
Void ratio (e) 0.65
Direction of load with vertical () 0.00
Density of surcharge  (Y/m°) 1.66
Density of foundation soil (tm®) 1.66
Depth of water table(m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m) Length (m)

1 1.50 3.00 B.00

2 3.00 3.00 8.00

3 4.50 3.00 B.00

4 6.00 3.00 B.00

SHEAR FAILURE CRITERIA

Assumptions and formula used in calculation as per 15:6403-1981 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
@4= NS dgic + 0 (Ng1) Sq0qiq + (1/2) B ¥ N, 8,d, i, W
The ultimate net bearing capacity in case of local shear failure is given by
g4 = (2/8) e N'; 8 de i + q (N'g-1) 8qdgiq + (1/2) By N', s, d, i, W
Where,
d. = 1+ 0.2 (D¢B)*SQRT(N,)
dy=d, =1 for ¢ <10°
dy=d,=1+0.1(D¢B)*SQRT(N,) for § >10°
N, = tan’(n/4 +¢/2)
¢ for local shear failure = tan” ( 0.67 tan¢ )

OQUTPUT

The cemputer aided results for shear failure criteria are tabulated below. The resulls are
interpolated values of bearing capacity obtained from general and local shear failure

criteria.
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Bearing capacity factors :

ANNEXURE - Il

¢ 27.00 ¢ 18.85
N, 24.49 N, 13.94
Ny 13.76 N'g 5.83
N, 15.49 N', 4.76
Shape factors :
S.no.  Width(m)  Length (m) S S, S,
1 3.00 8.00 1.08 1.08 0.85
2 3.00 8.00 1.08 1.08 0.85
3 3.00 8.00 1.08 1.08 0.85
4 3.00 8.00 1.08 1.08 0.85
Depth factors :
S.no.  Depth(m)  Width(m) dc d, d,
1 1.50 3.00 1.16 1.08 1.08
2 3.00 3.00 1.33 1.16 1.16
3 4.50 3.00 1.49 1.24 1.24
4 6.00 3.00 1.65 1.33 1.33
Inclination factors :
= 2 T z T z
ic= (1-o./90) iy = (1-o/ 90) i,=(1-ald)
1.00 1.00 1.00
Water table factor :
S.no.  Depth(m) Width(m) Z,/B w
1 1.50 3.00 0.00 0.50
2 3.00 3.00 -0.580 0.50
3 4.50 3.00 -1.00 0.50
4 6.00 3.00 -1.50 0.50
Safe Bearing Capacity
S.no. Depth(m) Width(m)  Length (m) |SBC in {Umz)
General shea! Local shear Actual
1 1.50 3.00 8.00 18.22 6.48 12.35
2 3.00 3.00 8.00 3283 11.99 22.41
3 4.50 3.00 8.00 35.14 12.83 23.98
4 6.00 3.00 8.00 37.44 13.67 25.55

e

3334
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ANNEXURE - IV

Settlement Calculation As per IS 8009 (Part 1)

Location Alignment |
Chainage 331/1
Bore Hole No. 1
Footing Depth (m) 1.50 Footing Depth (m) 3.00
SBC (t/m2) 12.00 SBC (t/m2) 19.00
Average N value 17 Average N value 20
Settlement for 10 t/m2 (mm) 18.00 Settlement for 10 t/m2 (mm) 16.00
Settlement (mm) for SBC 21.60 Settlement (mm) for SBC 30.40
Depth Correction 0.91 Depth Correction 0.83
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
15.7 20.2
(mm) {mm)
Footing Depth (m) 4,50 Footing Depth (m) 6.00
SBC (t/m2) 21.00 SBC (t/m2) 23.00
Average N value 20 Average N value 23
Settlement for 10 t/m2 (mm) 15.00 Settlement for 10 t/m2 (mm) 13.20
Settlement (mm) for SBC 3150 Settlement (mm) for SBC 30.36
Depth Correction 0.74 Depth Correction 0.68
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
18.6 16.5
(mm) (mm)
Py B A
~ 3 v
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Ludhiana-Ambala Section (DFCCIL) Alignment No. 330

Geo-technical Investigation

CHAPTER -41

"Alignment ",

Locqt@‘qn - Existing Km. - 330

CONSULTING
@ Engineers Group Ltd.
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL})

Alignment No. 330

411 LOCATION OF STRUCTURE:
Alignment at existing km 330.
41.2 BOREHOLE DESCRIPTIONS:
(a) Location of Structure, Boreholes with RL shown in FIGURE-1.
(b) Subsurface Characteristic of Soil/Rock shown in ANNEXURE-I.
(c) Borelogs and sub soil profile shown in ANNEXURE-IL
(d) Calculations of Safe Bearing Capacities in ANNEXURE-III.
(e) Calculations of Probable Settlement in ANNEXURE-IV.
(f) Depth of water Table 221.00m below EGL.
Subsurface profile at the site
BOREHOLE Depth Type of Soil/Rock Soil/Rock
No. (m) Characteristics
0.00 to 1.50 Sandy Silt Loose
1.50 to 3.00 Silty Sand Loose
BH-1 3.00 to 5.00 Silty Sand Medium Dense
5.00 to 6.00 Silty Sand with Gravels Medium Dense
6.00 to 12.00 Silty Sand Medium Dense
41.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH [Carbonate Chlorides Sulphate Nitrate | Salinity
(m) % % %
BH-1 5.00 9.00 0.015 0.0018 NIL 0.0012 0.027
414 DIFFERENTIAL FREE SWELL INDEX (DFS)
Bore Hole No. Depth (m) DEFS Index in %
BH-1 5.00 NIL
41.5 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m2)
1.50 12.50
BH-1 3.00 18.00
4.50 22.00
6.00 24.00
41.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No. 330

41.7 RECOMMENDATIONS

(i) Type of foundation Open foundation
(i) Depth of foundation Below 2.00m from EGL
below GL

Note- The above recommendations are based on the field and laboratory tests
conducted on the soil, and our experience in this regard. If the actual subsoil
conditions during excavation for the foundation differ from the observations
reported here, the design experts/consultants should be referred for suggestion,
further investigations. However, the Deptt and Type of foundation is to be
decided by the structure designer depending upon the type of loading/structure
and site conditions.
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ANNEXURE-1I
Geotechnical Report

Consulting Engineers Group Ltd., Jaipur
BORELOG OF BH—1(LHS) AT EXISTING KM—330 FOR ALIGNMENT
ON KESARI TO SANEHWAL, LUDHIANA
Depth (m N-Values RL-P64.882
000 i N
1,50 £
3.00 -
2.00
6.00 =
9.00 =i
12,00 34
LEGEND
SYMBOL DESCRIPTION
V////A SANDY SILT
¢t w L] | SITY SAND
SILTY SAND WITH
GRAVELS
= S WA —
R ELE! R
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ANNEXURE - llf

Calculation of SBC for shallow foundations as per IS : 6403 - 1981
INPUT DATA

Alignment at Ch 330/1 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Rectangular 2

3 Square

4 Circular
Angle of internal friction (¢ °) 30.00
Cohesion (c in t/m2) 0.00
Voeid ratio (e) 0.55
Direction of load with vertical () 0.00
Density of surcharge (Uma) 1.70
Density of foundation soil (¢/m’) 176
Depth of water table{m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m) Length (m)

1 1.50 3.00 8.00

2 3.00 3.00 8.00

3 4.50 3.00 8.00

4 6.00 3.00 8.00

SHEAR FAILURE CRITERIA

Assumpticns and formula used in calculation as per 1S:6403-1981 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
Gy = € NeScdoie + g (Ng-1) 5qdgiq + (1/2) By N, s, d, i, W'

The ultimate net bearing capacity in case of local shear failure is given by

4= (213) ¢ NS doii + G (N 1) Sq0gis + (1/2) B ¥ N\ s, d, i, W'
Where,

d. = 1+ 0.2 (Dy/B)*SQRT(N,)

dy=d, =1 for 6 <10°

dy=d,=1+0.1 (DJB)*SQRT(N,) for ¢ >10°

N, = tan’(n/d +¢/2)

¢' for local shear failure = tan” ( 0.67 tang )

OUTPUT

The computer aided results for shear failure criteria are tabulated below. The results are
interpolated values of bearing capacity oblained from general and local shear failure

criteria,

H
%
€9
.
s
ri
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Bearing cagadi‘ty factors :

ANNEXURE - Ili

[ 30.00 ¢' 21.15
Ne 30.14 N’ 16.18
N, 18.40 N, 7.38
N, 22.40 N', 6.65
Shape factors :
S.no.  Width{im) Length (m) Se S, S,
1 3.00 8.00 1.08 1.08 0.85
2 3.00 8.00 1.08 1.08 0.85
3 3.00 8.00 1.08 1.08 0.85
4 3.00 8.00 1.08 1.08 0.85
Depth factors :
S.no. Depth(m) Width(m) dc dg d,
1 1.50 3.00 A 7 1.09 1.09
2, 3.00 3.00 1.35 AT 1.7
3 4.50 3.00 1.62 1.26 1.26
4 6.00 3.00 1.69 135 1.35
Inclination factors :
ig= (1-a/ 90} * ig = (1-0./ 90) ® i,=(1-alg)?
1.00 1.00 1.00
Water table factor :
S.no. Depth(m)  Width(m) Z./B w
1 1.50 3.00 0.00 0.50
2 3.00 3.00 -0.50 0.50
3 4.50 3.00 -1.00 Q.50
4 6.00 3.00 -1.50 0.50
Safe Bearing Capacity
S.no. Depth(m) Width(m)  Length (m) ‘SBC in (tYm?)
General shea| Local shear \ Actual
1 1.50 3.00 8.00 26.38 9.04 26.38
2 3.00 3.00 8.00 47.13 16.59 47.13
3 4.50 3.00 8.00 50.61 17.82 50.61
4 6.00 3.00 8.00 54.09 19.04 54.09
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ANNEXURE - IV

Settlement Calculation As per IS 8009 (Part 1)

Location Alignment |
Chainage 330/1
Bore Hole No. 1
Footing Depth (m) 1.50 Footing Depin (m) 3.00
SBC (t/m2) 12.50 SBC (/m2) 18.00
Average N value 14 Average N value 17
Settlement for 10 t/m2 (mm) 24.00 Settlement for 10 /m2 (mm) 18.00
Settlement (mm) for SBC 30.00 Settlement (mm) for SBC 32.40
Depth Correction 0.91 Depth Correction 0.83
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
21.8 21.5
(mm) {mmy)
Footing Depth (m) 4.50 Footing Depth (m) 6.00
SBC (t/m2) 22.00 SBC (t/m2) 24.00
Average N value 17 Average N value 21
Settlement for 10 t/m2 (mm) 18.00 Settlement for 10 t/m2 (mm) 14.40
Settlement (mm) for SBC 39.60 Settlement (mm) for SBC 34.56
Depth Correction 0.74 Depth Correction 0.68
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
234 18.8
{mm) {mm)

CONSULTING
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No. 329

CHAPTER -42

"Alignment ",

Location - Existing Km. - 329
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Geo-technical Investigation

Ludhiana~Ambala Section (DFCCIL)

Alignment No. 329

421 LOCATION OF STRUCTURE:
Alignment at existing km 329.
422 BOREHOLE DESCRIPTIONS:
(a) Location of Structure, Boreholes with RL shown in FIGURE-1.
(b) Subsurface Characteristic of Soil/Rock shown in ANNEXURE-I.
(c) Borelogs and sub soil profile shown in ANNEXURE-II.
(d) Calculations of Safe Bearing Capacities in ANNEXURE-III.
(e) Calculations of Probable Settlement in ANNEXURE-IV.
(f) Depth of water Table 221.00m below EGL.
Subsurface profile at the site
BOREHOLE Depth Type of Soil/Rock Soil/Rock
No. (m) Characteristics
0.00 to 1.50 Sandy 5ilt Loose
BH-1 1.50 to 3.00 Silty Sand Loose
3.00 to 7.50 Silty Sand Medium Dense
7.50 to 12.00 Fine sand Medium Dense
423 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH [Carbonate [Chlorides Sulphate] Nitrate | Salinity
(m) % % %
BH-1 3.00 8.50 0.002 0.0018 NIL 0.0012 0.045
6.00 8.90 0.010 0.0018 NIL 0.0012 0.031
424  DIFFERENTIAL FREE SWELL INDEX (DES)
Bore Hole No. Depth (m) DEFS Index in %
3.00 NIL
B 6.00 NIL
42,6 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.50 11.00
3.00 19.00
H-1
B 4.50 21.00
6.00 22.00
427 CONCLUSIONS

s Subsurface Profiles indicates suitable Soil formation for foundations.

T3
-
<32
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No. 329

42.8 RECOMMENDATIONS

(i) Type of foundation Open foundation
(i) Depth of foundation Below 2.00m from EGL
below GL

Note- The above recommendations are based on the field and laboratory tests
conducted on the soil, and our experience in this regard. If the actual subsoil
conditions during excavation for the foundation differ from the observations
reported here, the design experts/consultants should be referred for suggestion,
further investigations. However, the Depth and Type of fiundation is to be
decided by the structure designer depending upon the type of loading/structure
and site conditions.
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ANNEXURE-lI
Consulting Engineers Group Ltd., Jaipur Geotechnical Report

BORELOG OF BH—1(LHS) AT EXISTING KM—329 FOR ALIGNMENT
ON KESARI TO SANEHWAL, LUDHIANA

Depth (m) N-Values RL-P63.224
0.00 - R
1.50 . AP ;':'::— 10 L
3.00 — UDS
4.50 4 — 20 20
6.00 ’ — uDsS
a0 < E g cl £l
12.00 §§ 40 40
LEGEND

SYMBOL DESCRIPTION

Sy ix

S wl] | sway sanp

E] e

€
Cpo
et 3
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ANNEXURE - Il

Calculation of SBC for shallow foundations as per IS : 6403 - 1981

INPUT DATA
Alignment at Ch 329/1 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Rectangular 2

3 Square

4 Circular
Angle of internal friction (¢ °) 27.00
Cohesion (cin tm2) 0.00
Void ratio (e) 0.67
Direction of load with vertical () 6.00
Density of surcharge (Um®) 1.70
Density of foundation soil (Vm’) 1.72
Depth of water table(m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m) Length (m)
1 1.50 3.00 8.00
2 3.00 3.00 8.00

SHEAR FAILURE CRITERIA

Assumptions and formula used in calculation as per 1S:6403-1981 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
Qs = C Negsed i + g (Ng-1) s4dyip + (1/2) B y N, s, d, L, W

The ultimate net bearing capacity in case of local shear failure is given by
g = (2/3) c N'gscdele + 9 (N'y-1) sqdqiy + (1/2) By N, 5, d, i, W

Where,

d. = 1+ 0.2 (D¢/B)*SQRT(N,)

dy=d, = 1for ¢ <10°

dy=d,=1+0.1 (D/B)*SQRT(N,) for ¢ >10°

N, = tan’(n/4 +$/2)
&

&' for local shear failure = tan” (0.67 tand )

QUTPUT

The computer aided resulls for shear failure criteria are tabulated below. The results are
interpolated values of bearing capacity obtained from general and local shear failure

criteria.
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- Bearing capacity factors :

ANNEXURE - il

b 27.00 &' 18.85
N 24.49 N 13.94
N 13.76 N' 5.83
N, 15.49 N, 476
Shape factors :
S.no.  Width{(m) Length (m) S, S, Sy
1 3.00 8.00 1.08 1.08 0.85
2 3.00 8.00 1.08 1.08 0.85
Depth factors :
S.no. Depth(m) Width(m) dc dy d,
1 1.50 3.00 1.16 1.08 1.08
2 3.00 3.00 1.33 1.16 1.16
Inclination factors :
=g 2 o 2 s 2
i.= (1-a./ 90) i = (1-u/ 90) i, = (1- a/ )
1.00 1.00 1.00
Water table factor :
S.no.  Depth(m) Width(m) Z,/B w
1 1.50 3.00 0.00 0.50
2 3.00 3.00 -0.50 0.50
Safe Bearing Capacity
Sno. Depth(m)  Widln(m)  Length (m) [SBC in (tm?)
General shea| Local shear Actual
1 1.50 3.00 B.00 18.73 6.66 11.49
] 3.00 3.00 B.00 33.70 12.30 20.86
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ANNEXURE - Il

Calculation of SBC for shallow foundations as per IS : 6403 - 1981
INPUT DATA

Alignment at Ch 329/1 BH-1

Type of footing

1 Continuois Strip

2 Rectangular Rectangular 2

3  Square

4 Circular
Angle of internal friction (¢ °) 27.50
Cotiesion (c in ¥Ym2) 0.00
\'2id ratio (e) 0.64
Direction of load with vertical () 0.00
Density of surcharge (tm") 1.67
Density of foundation sail (t/m®) 1.67
Depth of water table(m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m) Length {m)
1 4.50 3.00 8.00
2 6.00 3.00 8.00

SHEAR FAILURE CRITERIA
Assumpticns and formula used in calculation as per 1S:6403-1981 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
Q= € NoSedoic + g (Ng-1) Sqdgig + (1/2) B v N, s,d,i, W

The ultimate net bearing capacity in case of local shear fzilure is given by

q'q=(2/3) c N'cscd.ic +q (N'g1) s,dqiq + (1/2) By N, s, d, i, W
Where,

d. = 1+ 0.2 (D¢/B)*SQRT(N,)

dy=d, =1 for ¢ <10°

dy=d, = 1+0.1 (D/B)*SQRT(N,) for ¢ >10°

N, = tan*(n/4 +$/2)

¢' for local shear failure = tan™ ( 0.67 tand )

OUTPUT
The computer aided results for shear failure criteria are tabulated below. The results are

interpolaled values of bearing capacity obtained from general and local shear failure
criteria.
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Bearing capacity factors :

ANNEXURE - Il

& 27.50 &' 19.23
N, 2543 N, 14.24
N, 14.53 Ny 6.02
N, 16.64 N, 4.97
Shape factors :
S.no.  Width(m)  Length {m) 8. S, S,
1 3.00 8.00 1.08 1.08 0.85
2 3.00 8.00 1.08 1.08 0.85
Depth factors :
S.no. Depth{m) Width{m) dc d, d
1 450 3.00 1.49 1.25 1.25
2 6.00 3.00 1.66 1.33 1.33
Inclination factors :
i = {1-a/90)? iy= (1-0/ 90) 2 i,=(1-a/d)?
1.00 1.00 1.00
Water table factor :
S.no.  Depth{m)  Width(m) Z,/B w
1 4.50 3.00 -1.00 0.50
2 6.00 3.00 -1.50 0.50
Safe Bearing Capacity
S.no.  Depth(m)  Width(m)  Length (m) [SBG in (ym?)
General shea| Local shear Aclual
1 4.50 3.00 8.00 37.66 13.44 26.76
2 6.00 3.00 8.00 40,15 14,33 28.53
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ANNEXURE - IV

Settlement Calculation As per IS 8009 (Part 1)

Location Alignment |
I Chainage 329/1
Bore Hole No. 1

Footing Depth (m) 1.50 Footing Depth (m) 3.00
SBC (t/m2) 11.00 SBC (/m2) 19.00

Average N value 18 Average N value 18
Settlement for 10 {/m2 (mm) 17.00 Settlement for 10 /m2 (mm) 17.00
Settlement (mm) for SBC 18.70 Settlement (mm) for SBC 32.30
Depth Correction 0.91 Depth Correction 0.83

Rigidity Correction 0.8 Rigidity Correction 0.8

Corrected Total Settlement Corrected Total Settlement
13.6 214
(mm) (mm)

Footing Depth (m) 4.50 Footing Depth (m) 6.00
SBC (i/m2) 21.00 SBC (t/m2) 22.00

Average N value 19 Average N value 19
Settlement for 10 t/m2 (mm) 15.00 Settlement for 10 t/m2 (mm} 15.00
Settlement (mm) for SBC 31.50 Settlement (mm) for SBC 33.00
Depth Correction 0.74 Depth Correction 0.68

Rigidity Correction 0.8 Rigidity Correction 0.8

Corrected Total Settlement Corrected Total Settlement
18.6 18.0
(mm) (mm)

CONSULTING
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No. 327

CHAPTER -43

"Alignment ",

Location -~ Existing Km. - 327

T, 3375
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Alignment No. 327

43,1 LOCATION OF STRUCTURE:
Alignment at existing km 327.
432 BOREHOLE DESCRIPTIONS:
(a) Location of Structure, Boreholes with RL shown in FIGURE-1.
(b) Subsurface Characteristic of Soil/ Rock shown in ANNEXURE-I
(c) Borelogs and sub soil profile shown in ANNEXURE-II.
(d) Calculations of Safe Bearing Capacities in ANNEXURE-III.
(e) Calculations of Probable Settlement in ANNEXURE-IV.
(f) Depth of water Table >21.00m below EGL.
Subsurface profile at the site
BOREHOLE Depth Type of Soil/Rock Soil/Rock
No. (m) Characteristics
0.00 to 1.50 Sandy Silt with clay Loose
1.50 to 3.00 Sandy Silt with clay and gravels Loose
3.00 to 4.50 Silty Sand Medium Dense
BH-1 4.50 to 6.00 Silty Sand with gravels Medium Dense
6.00 to 7.50 Silty Sand Medium Dense
7.50 to 10.50 Silty sand with gravels Medium Dense
10.50 to 12.00 Silty sand Medium Dense
43.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH [(Carbonate Chlorides| Sulphatel Nitrate | Salinity
(m) % % %
BH-1 3.00 8.90 0.010 0.0018 NIL 0.0012 0.025
43.4 DIFFERENTIAL FREE SWELL INDEX (DES)
Bore Hole No. Depth (m) DFS Index in %
3.00 NIL
BHA 6.00 NIL
435 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.50 11.00
BH.1 3.00 17.00
4.50 19.00
6.00 21.00
436 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No, 327

43.7 RECOMMENDATIONS

(i) Type of foundation Open foundation
@) Depth of foundation Below 3.00m from EGL
below GL

Note- The above recommendations are based on the field and laboratory tests
conducted on the soil, and our experience in this regard. If the actual subsoil
conditions during excavation for the foundation differ from the observations
reported here, the design experts/consultants should be referred for suggestion,
further investigations. However, the Depth and Type of foundation is to be
decided by the structure designer depending upon the type of loading/structure
and site conditions.
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ANNEXURE-II

Consulting Engineers Group Ltd., Jaipur Geotechnical Report
BORELOG OF BH—1(LHS) AT EXISTING KM—327 FOR ALIGNMENT
ON KESARI TO SANEHWAL, LUDHIANA
Depth (m> N-Values RL-265.223
b } NERZ
150 9 2
3.00 uDsS
4.50 15 =
6.00 UDsS
7.50 19 it
10.50 28 8
12,00 39 39
LEGEND
SYMBOL DESCRIPTION
SEFE T G SANDY SILT WITH
* o+ mY
SANDY SILT WITH
CLAYEY & GRAVELS
SILTY SAND WITH
GRAVELS
- SILTY SAND
- o0 g i
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ANNEXURE - Il

Calculation of SBC for shallow foundations as per IS : 6403 - 1981

INPUT DATA
Alignment at Ch 327/1 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Rectangular 2

3 Square

4 Circular
Angle of internal friction (6 °) 27.00
Cohesion (c in m2) 0.00
Void ratio (e) 0.64
Direction of load with vertical () 0.00
Density of surcharge  (tm’) 1.70
Density of foundation soil (Ym°) 1.73
Depth of water table(m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m) Length (m)
1 1.50 3.00 8.00
2 3.00 3.00 8.00

SHEAR FAILURE CRITERIA
Assumptions and formula used in calculation as per 1$:6403-1881 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
Go = € NeSedeic + G (Ng-1) 8qdyig + (1/2) By N, s, d, i W

The ultimate net bearing capacity in case of local shear failure is given by

Q= (2/3) ¢ N'g 8. de i + § (N'¢-1) 8qdqiq + (1/2) B y N, 5, i, W'
Where,

d, = 1+ 0.2 (DJ/B)*SQRT(N,)

dy=d, = 1for ¢ <10°

dy=d,=1+0.1 (D/B)*SQRT(N,) for ¢ >10°

N, = tan*(m/4 +¢/2)

¢' for local shear failure = tan™ ( 0.67 tang )

QUTPUT
The computer aided results for shear failure criteria are tabulated below. The resulis are

interpolated values of bearing capacity obtained from general and local shear failure
criteria.

-
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Bearing capacity factors :

ANNEXURE - Ill

b 27.00 & 18.85
N, 24.49 N, 13.94
N 13.76 N, 5.83
N, 15.49 N, 476
Shape factors :
S.no.  Width(m}  Length (m) S Sq S
1 3.00 8.00 1.08 1.08 0.85
2 3.00 8.00 1.08 1.08 0.85
Depth factors :
S.no.  Depth(m) Width(m) dc dg d,
1 1.50 3.00 1.16 1.08 1.08
2 3.00 3.00 1.33 1.16 1.16
Inclination factors :
ic= (1-a/90)° ig= (1-0./90) ° i, =(1-ald)’
1.00 1.00 1.00
Water table factor :
S.no. Depth(m) Width(m) Z,/B w
1 1.50 3,00 0.00 0.50
2 3.00 3.00 -0.50 0.50
Safe Bearing Capacity
S.no. Depth(m) Width(m)  Length (m) |SBC in (tm?)
General shea| Local shear Actual
1 1.50 3.00 8.00 18.77 6.67 13.32
2 3.00 3.00 8.00 33.74 12.31 24,10
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ANNEXURE -lll

Calculation of SBC for shallow foundations as per IS : 6403 - 1981

INPUT DATA
Alignment at Ch 327/1 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Rectangular 2

3 Square

4 Circular
Angle of internal friction (¢ °) 27.00
Cohesion (¢ in Ym2) 0.00
Void ratio (e) 0.65
Direction of load with vertical {) 0.00
Density of surcharge (Vm®) 1.70
Density of foundation soil (Vm®) 1.80
Depth of water table(m) 1.60
Facter of safety 3.00

S.no. Depth (m) Width {m) Length {m)
1 4,50 3.00 8.00
2 5.00 3.00 8.00

SHEAR FAILURE CRITERIA

Assumptions and formula used in calculation as per 15:6403-1981 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
Gy = € NS eic +q (Ng-1) 85 dgig + (1/2) B y Ny s, d, i, W

The ultimate net bearing capacity in case of local shear failure is given by
4= (23) e N'; s deic + G (N'-1) 5q0q 1 + (1/2) By N, 5,4, i, W

Where,

d. = 1+ 0.2 (D/B)*SQRT(N,)

dy=d, =1for ¢ <10°

dy=d,=1+0.1(DJB)*SQRT(N,) for ¢ >10°

N, = tan’(n/4 +4/2)
4]

&' for local shear failure = tan™ ( 0.67 tand )

OUTPUT

The computer aided results for shear failure criteria are tabulated below. The results are
interpolated values of bearing capacity obtained from general and local shear failure

criteria.
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ANNEXURE -l

Bearing capacity factors :

b 27.00 o' 18.85
Ne 24.49 N's 13.94
N, 13.76 N', 5.83
N, 15.49 N', 4.76
Shape factors :
S.no.  Widthim)  Length (m) S 84 S,
1 3.00 8.00 1.08 1.08 0.85
2 3.00 8.00 1.08 1.08 0.85
Depth factors :
S.no. Depth(m) Width(m) dc dg d,
1 4.50 3.00 1.49 1.24 1.24
2 6.00 3.00 1.65 1.33 1.33
Inclination factors :
: o 2 e 2 T 2
i.= (1-0./ 90) iy = (1-0./ 90) i, =(1-ald)
1.00 1.00 1.00
Water table factor :
S.no.  Depth(m) Width(m) Z,/B w
1 4.50 3.00 -1.00 0.50
2 6.00 3.00 -1.50 0.50

Safe Bearing Capacity

S.no. Depth(m) Width(m)  Length (m) |SBC in (Ym?)

General sheal Local shear | Actual
1 4.50 3,00 8.00 36.39 13.26 24.83
2 6.00 3.00 8.00 38.78 14.13 26.45
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ANNEXURE - IV

Settlement Calculation As per IS 8009 (Part 1)

Location Alignment l
Chainage 327/1
Bore Hole No. 1
Footing Depth (m) 1.50 Footing Depth (m) 3.00
SBC (t/m2) 11.00 SBC (/m2) 17.00
Average N value 14 Average N value 15
Settlement for 10 {/m2 (mm) 25.00 Settlement for 10 t/m2 (mm) 21.00
Settlement (mm) for SBC 27.50 Settlement (mm) for SBC 35.70
Depth Correction 0.91 Depth Correction 0.83
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement 20.0 Corrected Total Settlement 237
(mm) (mm)
Footing Depth (m) 4.50 Footing Depth (m) 6.00
SBC (/m2) 19.00 SBC (t/m2) 21.00
Average N value 16 Average N value 19
Settlement for 10 #/m2 (mm) 19.00 Settlement for 10 /m2 (mm) 16.00
Settlement (mm) for SBC 36.10 Settlement (mm) for SBC 33.60
Depth Correction 0.74 Depth Correction 0.68
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
(mm) 214 (mm) 18.3
- . 3369
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No. 324

CHAPTER - 44

"Alignment ",

Location - Existing Km. - 324
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Alignment No. 324

441 LOCATION OF STRUCTURE:
Alignment at existing km 324.
442 BOREHOLE DESCRIPTIONS:
(a) Location of Structure, Boreholes with RL shown in FIGURE-1.
(b) Subsurface Characteristic of Soil/Rock shown in ANNEXURE-I.
(c) Borelogs and sub soil profile shown in ANNEXURE-IL
(d) Calculations of Safe Bearing Capacities in ANNEXURE-IIL.
(e) Calculations of Probable Settlement in ANNEXURE-IV.
(f) Depth of water Table >18.00m below EGL.
Subsurface profile at the site
BOREHOLE Depth Type of Soil/Rock Soil/Rock
No. (m) Characteristics
0.00 to 3.00 Sandy Silt with Clay Loose
3.00 to 6.00 Sandy Silt with Clay Medium Dense
BH-1 6.00 to 7.50 Silty sand Medium Dense
7.50 t0 10.50 Fine sand Medium Dense
10.50 to 12.00 Fine sand Dense
443 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH [Carbonate Chlorides| Sulphate, Nitrate | Salinity
(m) % % %
BH-1 3.00 8.90 0.007 0.0022 NIL 0.0008 0.039
444 DIFFERENTIAL FREE SWELL INDEX (DES)
Bore Hole No. Depth (m) DFS Index in %
3.00 1t
B 6.00 NIL
445 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.50 11.00
BH-1 3.00 18.00
4.50 20.00
6.00 24.00
44.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No, 324

44.7 RECOMMENDATIONS

(i) Type of foundation Open foundation
(i) Depth of foundation Below 2.00 m from EGL
below GL

Note- The above recommendaiions are based on the field and laboratory tests
conducted on the soil, and our experience in this regard. If the actual subsoil
conditions during excavation for the foundation differ from the observations
reported here, the design experts/consultants should be referred for suggestion,
further investigationis. However, the Depth and Type of foundation is to be

decided by the structure designer depending upon the type of loading/structure
and site conditions.
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Geotechnical Report
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BORELOG OF BH—1(LHS) AT EXISTING KM—324 FOR ALIGNMENT

ON KESARI TO SANEHWAL, LUDHIANA
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ANNEXURE - Ill

Calculation of SBC for shallow foundations as per IS : 6403 - 1981

INPUT DATA
Alignment at Ch 324/1 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Rectangular 2

3  Square

4 Circular
Angle of internal friction (6 ©) 23.00
Cohesion (cin t/m2) 1.00
Veid ratio (e) 0.67
Direction of load with vertical () 0.00
Density of surcharge  (Vm®) 1.69
Density of foundation soil (t/m”) 1.69
Depth of water table(m) 1.50
Factor of safety 3.00

$.no. Depth (m) Width {m) Length (m)
1 1.50 3.00 8.00
2 3.00 3.00 8.00

SHEAR FAILURE CRITERIA
Assumptions and formula used in calculation as per 15:6403-1981 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
Q9= & Nes.d;ic + q (Ng-1) 84 dyiy + (1/2) By N, s, d, i, W'

The ultimate net bearing capacity in case of local shear failure is given by

s = (2/3) € N'y s deie + q (N'g-1) s dyig + (172) By N' s, d, i, W'
Where,

d. = 1+ 0.2 (D/B)*SQRT(N,)

dy=d, =1for ¢ <10°

d,=d,=1+0.1(DyB)*SQRT(N,) for $ >10°

N, = tan®(/4 +6/2)

¢' for local shear failure = tan” ( 0.67 tang )

OUTPUT
The computer aided results for shear failure criteria are tabulated below. The results are

interpolated values of bearing capacity obtained from general and local shear failure
crileria.

- -~ 9383
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Bearing capacity factors :

ANNEXURE - lll

[ 23.00 ¢' 15.88
N 18.36 N'. 11.65
N, 8.96 N, 4.37
N, 8.68 N, 3.13
Shape factors :
S.no.  Width(m) Length {m) S, S S,
1 3.00 8.00 1.08 1.08 0.85
2 3.00 B.00 1.08 1.08 0.85
Depth factors :
S.no.  Depth{m) Width(m) de d, d
1 1.50 3.00 1.18 1.08 1.08
2 3.00 3.00 1.30 1.15 1.15
Inclination factors :
s 2 - 2 - 2
i = (1-a./ 90) i, = (1-0/ 90) i,=(1- a/ ¢)
1.00 1.00 1.00
Water table factor :
Sno. Depth(m)  Width(m) Z,/B w
1 1.50 3.00 0.00 0.50
2 3.00 3.00 -0.50 0.50
Safe Bearing Capacity
S.no.  Depth(m)  Width(m)  Length (m) [SBC in (Ym?)
General snea| Local shear | Actual
1 1.50 3.00 8.00 18.70 7.71 12.10
2 3.00 3.00 8.00 28.80 1197 18.70
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ANNEXURE - lll

Calculation of SBC for shallow foundations as per IS : 6403 - 1981
INPUT DATA

Alignment at Ch 324/1 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Rectangular 2

3 Square

4 Circular
Angle of internal friction (6 °) 27.50
Cohesion (cin Ym2) 0.00
Void ratio (e) 0.68
Direction of load with vertical () 0.00
Density of surcharge  (Ym®) 1.70
Density of foundation soil (tm®) 1.71
Depth of water table(m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m) Length (m)
1 4.50 3.00 8.00
2 6.00 3.00 8.00

SHEAR FAILURE CRITERIA
Assumpticns and formula used in calculaticn as per 1S:6403-1981 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
Ga=C NS doic + q (Ng1) 8qdgiy + (1/2) By N, s, d, i, W
The ultimate net bearing capacity in case of local shear failure is given by
Q= (23)c N'escdeic +q (N'g-1) 84dqig + (1/2) B y N, s, d, i, W
Where,
d. = 1+ 0.2 {Dy/B)*SQRT(N,)
dy=d,=1for ¢ <10°
d,=d,=1+0.1(DyB)*SQRT(N,) for ¢ >10°
N, = tan’(m/d +¢/2)
&' for local shear failure = tan” ( 0.67 tang )

OUTPUT
The computer aided results for shear failure criteria are tabulated below. The results are

interpolated values of bearing capacity obtained frem general and local shear failure
criteria. ¢

i
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ANNEXURE - 1l

Bearing capacity factors :

[ 27.50 ¢ 19.23
Ne 25.43 N, 14.24
Ny 14.53 N’y 6.02
N, 16.64 N, 4,97
Shape factors :
S.no.  Width(m)  Length (m) S Sy S,
1 3.00 8.00 1.08 1.08 0.85
2 3.00 8.00 1.08 1.08 0.85
Depth factors :
S.no. Depth{m) Width(m) dc dg d,
1 4.50 3.00 1.49 1.25 1.25
2 6.00 3.00 1.66 1.33 1.33
Inclination factors :
P 2 - 2 T 2
i.= (1-0/ 90) ip = (1-e./ 90) i, ={(1-alg)
1.00 1.00 1.00
Water table factor :
Sno.  Depth(m) Width(m) Z,/B w
1 4.50 3.00 -1.00 0.50
2 6.00 3.00 -1.50 0.50

Safe Bearing Capacity

S.no.  Depth(m)  Width(m)  Length (m) [SBC in (ym?)

General shea| Local shear Actual
1 4.50 3.00 8.00 38.38 13.69 22.33
2 6.00 3.00 8.00 40.91 14.60 23.81
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ANNEXURE - IV

BH No. (1)

Depth of foundation
Length of footing (L)

Width of footing (B)

Concentrated load P

Incerase in pressure at mid of layer

Compression Index
Thickness of clay layer
Initial Void ratio

Settlement of clay layer

Depth Factor Calculation

D = Depth of Foundation

Depth Factor

Rigidity Factor =

Pore Pressure correction =
Total Settlement

Initial effective stress at mid of layer

D/ (LB

L/B

Settlement Calculation for Cohesive soil As per IS 8009 (Part 1)

]

Alignment at Ch. 324
1.5 m

8.0 m
3.0 m
6.4125
11.00
PxIlg
0.22
2.4
0.102
45 m
0.61

1.38

Cc

1+ eo k log 10

0.039644 m

39.64 mm

Correction for Depth and Rigidity of foundation on total settlement

0.31

2.67

0.91

Total Settlement of Rigid foundation

Total Settlement at the centre of Flexible foundation

0.8
0.85

n

Sf x D.F.x R.F.x Pore Pr. Correction

245 mm

Po + AP
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ANNEXURE - IV

BH No. (1)

Depth of foundation
Length of footing (L)
Width of footing (B)

Concentrated load P

Incerase in pressure at mid of layer

Compression Index
Thickness of clay layer
Initial Void ratio

Settlement of clay layer

Depth Factor Calculation

D = Depth of Foundation

Depth Factor

Rigidity Factor =

Pore Pressure correction =
Total Settlement

Initial effective stress at mid of layer

Settlement Calculation for Cohesive soil As per IS 8009 (T’art 1)

Po =

AP =

Correction for Depth and Rigidity of foundation on total settlement

D/ (LBAY =

Alignment at Ch. 324

3.0 m

8.0 m

3.0 m
7695 t/m’
1800 t/m’
P XI B

0.22

40 t/m’
0.102

3 m

0.61

1.5

Ce

1+ eo H log 10
0034 m
3427 mm
0.61

2.67

0.83

Total Settlement of Rigid foundation

Total Settlement at the centre of Flexible foundation

0.8
0.85

S{Z

Sf x D.F.x R.F.x Pore Pr. Correction

19.3 mm

Po + AP

Po

Settlement Calculation for Cohesionless soil As per IS 8009 (Part 1)

Footing Depth (m) 3.00

SBC (t/m2) 3.60
Average N value 19

Settlement for 10 ¢/m2 (mm} 16.00
Settlement (mm) for SBC 5.76

Depth Correction 0.83
Rigidity Correction 08
Corrected Total Settlement 38

(mm)
Total Settlement (mm) = 23.2

L
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ANNEXURE - IV

Settlement Calculation for Cohesive soil As per IS 8009 (T’art 1)

BH No. (1)
Depth of foundation
Length of footing (L)
Width of footing (B)
Initial effective stress at mid of layer Po
Concentrated load P
Incerase in pressure at mid of layer AP
ig
AP
Compression Index Ce
Thickness of clay layer H
Initial Void ratio e,
Po + Ap
Po
Settlement of clay layer 5¢
St

Correction for Depth and Rigidity of foundation on total settlement
Depth Factor Calculation

il

Alignment at Ch. 324

45 m
8.0 m
3.0 m
7695 t/m’
2000 t/m’
PxIy
0.22
44  t/m’
0.102
15 m
0.61
157
C
1+ Zo K log 10
0019 m
18.66 mm
0.92
2.67
0.74

Total Settlement of Rigid foundation

D/ (LB)"‘"'S
D = Depth of Foundation
L/B
Depth Factor
Rigidity Factor =
= 0.8
Pore Pressure correction = 0.85

Total Settlement
5p

Total Settlement at the centre of Flexible foundation

Sf x D.F.x R.F.x Pore Pr. Correction

94 mm

Po + AP

PPo

Settlement Calculation for Cohesionless soil As per IS 8009 (Part 1)

Footing Depth (m) 4.50

SBC (/m2) 4.60
Average N value 20

Settlement for 10 t/m2 (mm) 15.00

Settlement (mm) for SBC 6.90

Depth Correction 0.74
Rigidity Correction 0.8

Corrected Total Settlement

- 41

Total Settlement (mm) = 135

- . 3389

-

Page 490 of 513

CONSULTING
Englneers Group Ltd.

T Wy e
f1e nane

"
10418



ANNEXURE - IV

Settlement Calculation for Cohesionless soil As per IS 8009 (Part 1)

Footing Depth (m) 6.00
SBC (t/m2) 24.00

Average N value 20
Settlement for 10 t/m2 (mm) 15.00
Settlement (mm) for SBC 36.00
Depth Correction 0.68

Rigidity Coneéﬁon 0.8
Corrected Total Settlement (mm) 19.6
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No. 322

CHAPTER - 45

"Alignment ",

Location - Existing Km. - 322

CONSULTING
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- 3 b j» PP A S B

Page 492 of 513



(((((((((( .l....!(l\.l-.l\(((((((‘.‘_(((((‘((tt“t“.‘.n



Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Alignment No. 322

451 LOCATION OF STRUCTURE:
Alignment at existing km 322.
452 BOREHOLE DESCRIPTIONS:
(a) Location of Structure, Boreholes with RL shown in FIGURE-1.
(b) Subsurface Characteristic of Soil/ Rock shown in ANNEXURE-I.
(c) Borelogs and sub soil profile shown in ANNEXURE-II.
(d) Calculations of Safe Bearing Capacities in ANNEXURE-III
(e) Calculations of Probable Settlement in ANNEXURE-IV.
(f) Depth of water Table 223.00m below EGL.
Subsurface profile at the site
BOREHOLE Depth Type of Soil/Rock Soil/Rock
No. (m) Characteristics
0.00 to 1.50 Sandy Silt Loose
1.50 to 3.00 Silty Sand Loose
BH-1 3.00 to 4.50 Silty Sand Medium Dense
4.50 to 6.00 Silty Sand with Gravels Medium Dense
6.00 to 10.50 Silty Sand Medium Dense
10.50 to 12.00 Silty Sand Dense
45.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH [Carbonate Chlorides Sulphate| Nitrate | Salinity
(m) % % %
BH-1 6.00 8.50 0.012 0.0014 NIL 0.0011 0.025
454  DIFFERENTIAL FREE SWELL INDEX (DFES)
Bore Hole No. Depth (m) DFS Index in %
3.00 NIL
BA- 6.00 NIL
455 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?2)
1.50 13.50
3.00 23.00
BH-1
i 4.50 26.00
6.00 28.00
456 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.

3452
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No. 322

45.7 RECOMMENDATIONS

(i) Type of foundation Open foundation
(i) Depth of foundation Below 2.00m from EGL
below GL

Note- The above recommendations are based on the field and laboratory tests
conducted on the soil, and our experience in thir regard. If the actual subsoil
conditions during excavation for the foundation differ from the observations
reported here, the design experts/consultants should be referred for suggestion,
further investigations. However, the Depth and Type of foundation is to be
decided by the structure designer depending vpon the type of loading/structure
and site conditions.
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ANNEXURE-I
Geotechnical Report

Consulting Engineers Group Ltd., Jaipur

BORELOG OF BH—1(LHS) AT EXISTING KM—322 FOR ALIGNMENT
ON KESARI TO SANEHWAL, LUDHIANA

Depth (m N=¥alues RL-265.574

0.00 - NPZEN

150 !
3.00
4,50 =
6.00
7.50 —%3 =
10.50 =
12,00 s

LEGEND

SYMBOL DESCRIPTION

//2 SANDY SILT

SILTY SAND

CONBULTING
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ANNEXURE - Il

Calculation of SBC for shallow foundations as per IS : 6403 - 1981

INPUT DATA
Alignment at Ch 322/1 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Rectangular 2

3 Square

4 Circular
Angle of internal friction (¢ ) 28.00
Cohesion (¢ in Ym2) 0.00
Void ratio (e) 0.56
Direction of load with vertical () 0.00
Density of surcharge  (Ym®) 1.70
Density of foundation soil (Umg) 1.80
Depth of water table{m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m) Length (m)
1 1.50 3.00 8.00
2 3.00 3.00 8.00

SHEAR FAILURE CRITERIA

Assumptions and formula used in calculation as per 15:6403-1981 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
Qs = CNescdeie +Q (Ng-1) sqdgig+ (1/2) By N, s,d,i, W'

The ultimate net bearing capacity in case of local shear failure is given by
Qa = (2/3) c N'c 5. deic +  (N'g=1) Spdqiq + (1/2) By N',s,d, i W

Where,

d, = 1+ 0.2 (D/B)*SQRT(N,)

de=d, = 1for ¢ <10°

dy=d,=1+0.1 (DJBYSQRT(N,) for h>10°

N, = tan’(x/4 +§/2)

¢' for local shear failure = tan” ( 0.67 tang )

OUTPUT

The computer aided results for shear failure criteria are tabulated below. The resulls are
interpolated values of bearing capacity obtained from general and local shear failure

criteria.

CONSULTING
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ANNEXURE - il

Bearing capacity factors :

b 28.00 o 19.61
N, 26.37 N'c 14.53
Ng 15.30 N'g 6.21
N, 17.79 N, 518
Shape factors :
S.no.  Width{m)  Length (m) S, Sy 3,
1 3.00 8.00 1.08 1.08 0.85
2 3.00 8.00 1.08 1.08 0.85
Depth factors :
S.no. Depth(m)  Width(m) dc dy d
1 1.50 3.00 117 1.08 1.08
2 3.00 3.00 1.33 1.17 AT
Inclination factors :
=1 2 ey 2 =i 2
i.= (1-o/ 90) iy = (1-/ 80) i, = (1-ald)
1.00 1.00 1.00
Water table factor :
S.no.  Depth(m) Width(m) Z,/B w
1 1.50 3.00 0.00 0.50
2 3.00 3.00 -0.50 0.50

Safe Bearing Capacity

S.no.  Depth(m)  Width(m)  Length (m) [SBC in (Um?)

General shea] Local shear Actual
1 1.50 3.00 8.00 21.563 7.30 20.82
2 3.00 3.00 8.00 38.43 13.41 37.18
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ANNEXURE - Ilf

Calculation of SBC for shallow foundations as per IS : 6403 - 1981

INPUT DATA
Alignment at Ch 322/1 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Rectangular 2

3 Square

4 Circular
Angle of internal friction (¢ °) 28.50
Cohesion (cin t/m2) 0.00
Void ratio () 0.55
Direction of load with vertical () 0.00
Density of surcharge (Ym°) 1.70
Density of foundation soil (t/m®} 1.90
Depth of water table(m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width {m) Length (m)
1 4.50 3.00 8.00
2 6.00 3.00 8.00

SHEAR FAILURE CRITERIA

Assumptions and formula used in calculation as per 15:6403-1981 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
Qg = CNcscdeic +q (Ng-1) sdqiq +(1/2) B y N, s, d, i, W'

The ultimate net bearing capacity in case of local shear failure is given by
gl = (2/3) c N'os deie +  (N'g1) 540qiq + (1/2) By NY s, d, i, W'

Where,

d, = 1+ 0.2 (D/B)*SQRT(N,)

d,=d, =1for ¢ <10°
q 1

dy=d,=1+0.1(D/B)*SQRT(N,) for ¢ >10°
q Y

N, = tan®(z/4 +4/2)

¢' for local shear failure = tan” ( 0.67 tand )

OUTPUT

The computer aided results for shear failure criteria are tabulated below. The results are
interpolated values of bearing capacity obtained from general and local shear failure

criteria.
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Bearing capacity factors :

ANNEXURE - Il

& 28,50 o 19.99
N, 27.31 N, 14.82
N 16.08 Ny 6.40
N, 18.94 N, 5.38
Shape factors :
S.no.  Width(m)  Length (m) S, Sq s,
1 3.00 8.00 1.08 1.08 0.85
2 3.00 8.00 1.08 1.08 0.85
Depth factors :
S.no.  Depth{m) Width(m) dc dy d,
1 4.50 3.00 1.60 1.25 1.25
2 6.00 3.00 1.67 1.34 1.34
Inclination factors :
.= (1-0/ 80) * ig= (1-0./ 90) ? i,=(1-al/p)?
1.00 1.00 1.00
Water table factor :
S.no. Depth(m) Width(m) Z,/8B w
1 4.50 3.00 -1.00 0.50
2 6,00 3.00 -1.50 0.50
Safe Bearing Capacity
S.no. Depth(m)  Width(m)  Length (m) [SBC in (Ym?)
General shea| Local shear Actual
1 4.50 3.00 8.00 4408 15.07 44.08
2 €.00 3.00 8.00 47.04 16.08 47.04
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ANNEXURE - IV

Settlement Calculation As per IS 8009 (Part 1)

Location Alignment
Chainage 322/1
Bore Hole No. 1
Footing Depth (m) 1.50 Footing Depth (m) 3,00
SBC (t/m2) 13.50 SBC (t/m2) 23.00
Average N value 15 Average N value 19
Settlement for 10 m2 (mm) 21.00 Settlement for 10 t/m2 (mm) 16.00
Settlement (mm) for SBC 28.35 Settlement (mm) for SBC 36.80
Depth Correction 0.91 Depth Correction 0.83
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement 20,6 Corrected Total Settlement 244
(mm) (mm)
Footing Depth (m) 450 Footing Depth (m) 6.00
SBC (t/m2) 26.00 SBC (t/m2) 28.00
Average N value 23 Average N value 24
Settlement for 10 /m2 (mm) 13.00 Settlement for 10 t/m2 (mm) 12.60
Settlement (mm) for SBC 33.80 Settlement (mm) for SBC 35.28
Depth Correction 0.74 Depth Correction 0.68
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
(s 20.0 i) 19.2
- . 341l
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Alignment No, 318/26-28

Ludhiana-Ambala Section (DFCCIL)

Geo-technical Investigation

CHAPTER -46
"Alignment ",

Location - Existing Km. - 318/26-28
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No. 318/26-28
46.1 LOCATION OF STRUCTURE:
Alignment at existing km 318/26-28.
46.2 BOREHOLE DESCRIPTIONS:
(a) Location of Structure, Boreholes with RL shown in FIGURE-1.
(b) Subsurface Characteristic of Soil/Rock shown in ANNEXURE-I.
(c) Borelogs and sub soil profile shown in ANNEXURE-II,
(d) Calculations of Safe Bearing Capacities in ANNEXURE-III.
(e) Calculations of Probable Settlement in ANNEXURE-IV.
(f) Depth of water Table >22.00m below EGL.
Subsurface profile at the site
BOREHOLE Depth Type of Soil/Rock Soil/Rock
No. (m) Characteristics
0.00 to 1.50 Silty Sand Loose
1.50 to 3.00 Silty Sand with Gravels Loose
3.00 to 3.50 Sandy Silt Medium Dense
BH-1 3.50 to 4.50 Silty Sand Medium Dense
4.50 to 6.00 Silty Sand Medium Dense
6.00 to 7.50 Silty Sand with Gravels Medium Dense
7.50 to 10.50 Silty Sand Medium Dense
10.50 to 12.00 Silty Sand Dense
46,3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH [Carbonate Chlorides Sulphate, Nitrate | Salinity
(m) % % %
BH-1 3.00 9.00 0.010 0.0018 NIL 0.0011 0.024
46.4  DIFFERENTIAL FREE SWELL INDEX (DFS)
Bore Hole No. Depth (m) DFS Index in %
3.00 NIL
il 6.00 NIL
46,5 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?2)
1.50 13.00
3.00 18.00
BH-1
4.50 19.00
6.00 20.00
46.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No. 318/26-28

46.7 RECOMMENDATIONS

(i) Type of foundation Open foundation
(i) Depth of foundation Below 2.00m from EGL
below GL

Note- The above recommendations are based on the field and laboratory tests
conducted on the soil, and our experience in this regard. If the actual subsoil
conditions during excavation for the foundation differ from the observations
reported here, the design experts/consultants should be referred for suggestion,
further investigations. However, the Depth and Type of foundation is to be

decided by the structure designer depending upon the type of loading/structure
and site conditions.
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ANNEXURE-II
Consulting Engineers Group Ltd., Jaipur Geotechnical Report

BORELOG OF BH—1(LHS) AT EXISTING KM—318/26—28 FOR ALIGNMENT
ON KESARI TO SANEHWAL, LUDHIANA

Depth (md N-Values

RL-265.804
0.00 T - o
1.50 ~ et 9 >
S
vvv
3.00 g L UDS
3.50 g =
450 % 19 =
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SYMBOL DESCRIPTION
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ANNEXURE - lif

Calculation of SBC for shallow foundations as per IS : 6403 - 1981

INPUT DATA
Alignment at Ch 318/1 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Rectangular 2

3 Square

4 Circular
Angle of internal friction (¢ °) 256.00
Cohesion (cin t/m2) 0.00
Void ratio (e) 0.81
Direction of load with vertical ) 0.00
Density of surcharge (t/m°) 1.70
Density of foundation soil (t/m°) 1.85
Depth of water table(m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m) Length (m)
1 1.50 3.00 8.00
2 3.00 3.00 8.00

SHEAR FAILURE CRITERIA

Assumptions and formula used in calculation as per 15:6403-1981 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
0= ¢ Ny 8o deie + Q (Ng1) 84 dgig + (172) B y N, s, d, i, W

The ultimate net bearing capacity in case of local shear failure-is given by

Q= (2/3) c N'¢ S, O i + q (N'y1) Sqd,iq + (1/2) B y N s, d i, W'
Where,

d. = 1+ 0.2 (D¢/B)*SQRT(N,)

dy=d, =1 for $ <10°

d,=d,=1+0.1(DJ/B)*SQRT(N,) for ¢ >10°

N, = tan(r/4 +4/2)

&' for local shear failure = tan” ( 0.67 tan¢ )

QUTPUT

The computer aided resulis for shear failure criteria are tabulated below. The results are
interpolated values of bearing capacity obtained from general and local shear failure
criteria.
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Bearing capacity factors :

ANNEXURE - 1l

& 26.00 o 18.10
N 22.60 N, 13.36
N, 12.21 N, 5.46
N, 13.18 N, 4.35
Shape factors :
S.no.  Width(m) Length (m) S, Sg S,
1 3.00 8.00 1.08 1.08 0.85
2 3.00 8.00 1.08 1.08 0.85
Depth factors :
S.no.  Depth(m) Width(m) dc dg d,
1 1.50 3.00 1.16 1.08 1.08
2 3.00 3.00 1.32 1.16 1.16
Inclination factors :
& > L 2 . 2
ie= (1-0./90) iy = (1-a/ 80) i,=(1- o/ d)
1.00 1.00 1.00
Water table factor :
S.no.  Depth(m) Width{m) Z,/B w
1 1.50 3.00 0.00 0.50
2 3.00 3.00 -0.50 0.50

Safe Bearing Capacity

Sno.  Depth(m)  Width(m) Length (m) |ssc: in (tm?)
General shea| Local shear | Actual
1 1.50 3.00 8.00 16.66 6.25 13.54
2 3.00 3.00 8.00 29.77 11.44 24.27
g £ O
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ANNEXURE - Il

Calculation of SBC for shallow foundations as per IS : 6403 - 1981

INPUT DATA
Alignment at Ch 318/1 BH-1

Type of footing

1 Centinuous Strin

2 Rectangular Rectangular 2

3 Square

4 Circular
Angle of internal friction (¢ °) 30.00
Cohesion ,cin tm2) 0.00
Void ratio {e) 0.48
Direction of load with vertical () 0.00
Density of surcharge (Ums) 1.70
Density of foundation soil (t/m’) 1.88
Depth of water table(m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m) Length (m)
1 4.50 3.00 8.00
2 6.00 3.00 8.00

SHEAR FAILURE CRITERIA
Assumptions and formula used in calculation as per 15:6403-1981 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
Qu= CNeScOeic +q (Ng-1) 8qdgiq + (1/2) By N, s, d i, W

The uitimate net bearing capacity in case of local shear failure is given by

Q= (2/8) ¢ N'osedeic + g (N'g1) S5dgiq + (1/2) B ¥ N, s, d,i, W
Where,

d. = 1+ 0.2 (DJB)*SQRT(N,)

d,=d,=1for ¢ <10°

d,=d, = 1+0.1(D/By*SQRT(N,) for ¢ >10°

N, = tan’(r/d +/2)

&' for local shear failure = tan” ( 0.67 tang )

QUTPUT

The computer aided results for shear failure criteria are tabulated below. The results are
interpolated values of bearing capacity obtained from general and local shear failure
criteria.
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ANNEXURE - Ilf

Bearing capacity factors :

P 30.00 ¢ 21.15
N 30.14 N'. 16.18
N, 18.40 N, 7.38
N, 22.40 N, 6.65
Shape factors :
Sno.  Width(m) Length (m) S S, S,
1 3.00 8.00 1.08 1.08 0.85
2 3.00 8.00 1.08 1.08 0.85
epth factors :
S.no.  Depth(m) Width{m) dc dy d,
1 4.50 3.00 1.52 1.26 1.26
2 6.00 3.00 1.69 1.35 1.35
Inclination factors :
ie= (1-/90) 2 ig = (1-a/ 90) * i, =(1-al¢)?
1.00 1.00 1.00
Water table factor :
S.no.  Depth(m) Width(m) Z,/B w
1 4.50 3.00 -1.00 0.50
2 6.00 3.00 -1.80 0.50

Safe Bearing Capacity

Sno.  Depth(m)  Width(m) Length (m) |SBC in (tm?)

General shea| Local shear Actual
1 4.50 3.00 8.00 51.33 18.03 51.33
2 6.00 3.00 8.00 54.86 19.27 54.86
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ANNEXURE - IV

Settlement Calculation As per IS 8009 (Part 1)

Location Alignment |
Chainage 318/26-28
Bore Hole No. 1

Fuoting Depth (m) 1.50 Footing Depth (m) 3.00
SBC (t/m2) 13.00 SBC (t/m2) 18.00

Average N value 15 Average N value 19
Settlement for 10 t/m2 (mm) 21.00 Settlement for 10 t/m2 (mm) 16.00
Settlement (mm) for SBC 27.30 Settlement (mm) for SBC 28.80
Depth Correction 0.91 Depth Correction 0.83

Rigidity Correction 0.8 Rigidity Correction 0.8

Corrected Total Settlement Corrected Total Settlement
19.9 19.1
(mm) (mm)

Footing Depth (m) 4.50 Footing Depth (m) 6.00
SBC (/m2) 19.00 SBC (t/m2) 20.00

Average N value 22 Average N value 22
Settlement for 10 t/m2 (mm) 13.00 Settlement for 10 t/m2 (mm) 13.80
Settlement (mm) for SBC 24.70 Settlement (mm) for SBC 27.60
Depth Correction 0.74 Depth Correction 0.68

Rigidity Correction 0.8 Rigidity Correction 0.8

Corrected Total Settlement Corrected Total Settlement
14.6 15.0
(mm) {mm)
Al Ty
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