ANNEXURE - 1l

Bearing capacity factors :

[ 30.00 ¢’ 21.15
N 30.14 N'; 16.18
N, 18.40 N, 7.38
N, 22 40 N, 6.65
Shape factors :
S.no.  Width(m) S, Sq Sy
1 1.20 1.00 1.00 1.00
2 1.20 1.00 1.00 1.00
3 1.20 1.00 1.00 1.00
4 1.20 1.00 1.00 1.00
Depth factors :
S.no.  Depth(m)  Width(m) de d, d,
1 1.50 1.20 1.43 1.22 1.22
2 3.00 1.20 1.87 1.43 1.43
3 4,50 1.20 2.30 1.65 1.85
4 6.00 1.20 273 1.87 1.87
Inclination factors :
i.= (1-o/ 90) 2 i = (1-a/ 90) ? i=(1-ald)’
1.00 1.00 1.00
Water table factor :
S.no.  Depth(m) Width(m) Z,/8 w
1 1.50 1.20 C.00 0.50
2 3.00 1.20 -1.25 0.50
3 4,50 1.20 -2.50 0.50
4 6.00 1.20 -3.75 0.50
Safe Bearing Capacity
Sno.  Depth(m)  Width(m) [s&C in (vm?
General sheal Local shear | Actual
1 1.50 1.20 19.79 6.88 19.79
2 3.00 1.20 23.31 8.10 23.31
3 4,50 1.20 26.83 9.33 26.83
4 6.00 1.20 30.36 10,85 30.36
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ANNEXURE -1V

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

Location Minor Bridge No. 368
Chainage 332/15-17
Bore Hole No. 1
Footing Depth (m) 1.50 Footing Depth (m) 3.00
SBC (t/m2) 20.00 SBC (/m2) 23.00
Average N value 18.16 Average N value 20.00
Settlement for 10 t/m2 (mm) 13.40 Settlement for 10 {/m?2 (mm) 13.00
Total Settlement (mm) 26.80 Total Settlement (mm) 29.90
Depth Correction 0.83 Depth Correction 0.73
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
17.8 17.5
(mm) (mm)
Footing Depth (m) 4.50 Footing Depth (m) 6.00
SBC (t/m2) 26.00 SBC (m2) 28.00
Average N value 27.00 Average N value 27.00
Settlement for 10 t/m2 (mm) 11.00 Settlement for 10 t/m2 (mm) 11.00
Total Settlement (mm) 28.60 Total Settlement (mm) 30.80
Depth Correction 0.675 Depth Correction 0.63
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
154 15.5
(mm) (mm)
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 367

CHAPTER -17

"Minor Bridge No. 367",

Location - Existing Km. - 332/01-03

£ e G

e I CONSULTING
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Minor Bridge No. 367

171 LOCATION OF STRUCTURE:
Proposed Minor Bridge of Span 1x1.2x1.2
17.2 BOREHOLE DESCRIPTIONS:
(a) Location of Structure, Boreholes with RL of existing GL 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-IIL
(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 with Clay Loose
BH-1 1.50 to 3.00 Sandy Silt with Clay Medium Dense
3.00 to 9.00 Silty Sand Medium Dense
9.00 t0 12.00 Silty Sand Dense
17.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH |Carbonate |Chlorides| Sulphate| Nitrate | Salinity
(m) % % % %
BHL1 3.00 8.20 0.0020 0.0012 NIL 0.0010 0.029
4.50 9.00 0.012 0.0021 NIL 0.0013 0.037
174 DIFFERENTIAL FREE SWELL INDEX (DES)
Bore Hole No. Depth (m) DFS Index in %
BH-1 4.50 NIL
175 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?2)
1.50 6.00
BH-1 3.00 12.00
4.50 14.00
6.00 16.00
17.6 CONCLUSIONS
e Subsurface Profiles indicates suitable Soil formation for foundations.
17.7 RECOMMENDATIONS
(i) Type of foundation Open foundation
(i) Depth of foundation Below 4.50m from EGL
1 below GL
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Geo-technical Investigation Ludhiana~Ambala Section (DFCCIL) Minor Bridge No. 367

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
Geotechnical Report

Consulting Engineers Group Ltd., Jaipur
BORELOG OF BH—1(LHS) AT EXISTING KM—=332/1—3 FOR MINOR BRIDGE NO.-367,
ON KESARI TO SANEHWAL, LUDHIANA
Depth m> N-Values RL-263.690
n00 ' N
11
1.50 ™
0
3.00 a c
4.50 a
28
6.00 -
31
9.00
12.00 38
LEGEND
SYMBOL DESCRIPTION
:0:0:0:0:0 SANDY SILT WITH
CLAY
s s
2o .
N ”UL‘:/ “FR CONSULTING
; s i@ lsnfinn:.s Group Lid
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ANNEXURE - Hl

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

INPUT DATA
Minor Bridge No 332/1-3 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Continuous Strip 1

3 Square

4 Circular
Angle of internal friction (¢ °) 22.00
Cohesion (¢ in Vm2) 0.11
Void ratio {e) 0.63
Direction of load with vertical () 0.00
Density of surcharge (t/m”) 1.70
Density of foundation soil (t/m®) 176
Depth of water table(m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m)
1 1.50 1.20

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
Gs= € NoScdeio + q (Ng-1) 8qdgig + (1/2) By N,s,d, i, W
The ultimate net bearing capacity in case of local shear failure is given by
qu = (2/3) c N'cscdeie + q (N'g1) Sqdqiy + (1/2) By N' s, 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 frem general and local shear failure
criteria.

"y

i : ¥ ‘
. bu . CONSULTING
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ANNEXURE - Ill

Bearing capacity factors :

b 22.00 & 15.15
N, 17.19 N'e 11.09
N, 8.10 N, 401
N, 7.59 N, 2.73
Shape factors :
S.no.  Widih(m) S, Sa S,
1 1.20 1.00 1.00 1.00
Depth factors :
S.no.  Depth{m) Width(m) dc dg d,
1 1.50 1.20 1.37 1.19 1.19
Inclination factors :
| F] e 2 i 2
i = (1-0./ 90) ip = (1-0./ 90) 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 1.20 0.00 0.50
Safe Bearing Capaci
Sno. Depth(m)  Width(m) [sBC in (m?)
General sheal Local shear Actual
1 1.50 1.20 8.17 3.37 6.25
- CONSULTING
-~ Lol . E Englneers Graup
- Ty
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Calculation of SBC for shallow foundations as per IS : 6403 - 1981

INPUT DATA
Type of footing
1 Continuous Strip
2 Rectangular
3 Square
4 Circular

Minor Bridge No 332/1-3

ANNEXURE - Ili

BH-1

Continuous Strip

Angle of internal friction (¢ ) 27.50
Cohesion (cin Vm2) 0.00
Void ratic (e) 0.63
Direction of load with vertical () 0.00
Density of surcharge  {(tm°) 170
Density of foundation soil (Vm°) 1.76
Depth of water table(m) 1.50
Facter of safety 3.00
S.no. Depth (m) Width (m)

3.00 1.20

2 4.50 1.20

3 6.00 1.20

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
Gy = € NeScOeic + q (Ng-1) Sqdgiq + (1/2) B yN, s, d, i W'

The ultimate net bearing capacity in case of local shear failure is given by
Q= (213) e N'c s doic + g (N'g-1) Sqdgiq + (1/2) By N, 8, d, i, W

Where,

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

d,=d, = 1for ¢ <10°

dy=d,=1+0.1 (D/B)*SQRT(N,) for ¢ >10°

N, = tan’(n/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.

(PR}
e~
<o

-
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Bearing capacity factors :

ANNEXURE - lif

¢ 27.50 o' 19.23
N 25.43 N' 14,24
N, 14.53 N, 6.02
N, 16.64 N, 4.97
Shape factors :
S.no.  Width{m) Se S, S
1 1.20 1.00 1.00 1.00
2 1.20 1.00 1.00 1.00
3 1.20 1.00 1.00 1.00
Depth factors :
S.no.  Depth(m) Width(m) dc dyg d,
1 3.00 1.20 1.82 1.41 1.41
2 4.50 1.20 2.24 1.62 1.62
3 6.00 1.20 265 1.82 1.82
Inclination factors :
i 2 o 2 P 2
i. = (1-0./ 90) i = (1-0/ 80) i,={(1-a/¢)
1.00 1.00 1.00
Water table factor :
S.no. Depth(m)  Width(m) Z,/B w
1 3.00 1.20 -1.25 Q.50
2 4.50 1.20 -2.50 0.50
3 6.00 1.20 -3.75 0.50
Safe Bearing Capacity
Sno.  Depth(m)  Width(m) [SBC in (vm?)
General shea| Local shear | Actual
1 3.00 1.20 1743 6.05 12.70
2 4.50 1.20 16.62 6.94 14.55
3 6.00 1.20 2212 7.82 16.40

- CONSULTING
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ANNEXURE - IV

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

Location Minor Bridge No. 367
Chainage 332/1-3
Bore Hole No. 1
Footiug Depth (m) 1.50 Footing Depth (m) 3.00
SBC (¢m2) 6.00 SBC (/m2) 12.00
Average N value 15.95 Average N value 24.00
Settlement for 10 {/m2 (mm) 15.80 Settlement for 10 /m2 (mm) 10.00
Total Settlement (mm) 9.48 Total Settlement (mm) 12.00
Depth Correction 0.83 Depth Correction 0.73
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
6.3 7.0
{mm) (mm)
Footing Depth (m) 4.50 Footing Depth (m) 6.00
SBC (t/m2) 14.00 SBC (tm2) 16.00
Average N value 26.00 Average N value 26.00
Settlement for 10 /m2 (mm) 7.80 Settlement for 10 /m2 (mm) 7.80
Total Settlement (mm) 10.92 Total Settlement (mm) 1248
Depth Correction 0.675 Depth Correction 0.63
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
5.9 6.3
(mm) (mim)
""‘:’1 CONSULTING
B Engineers Group Ltd.
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 366A

CHAPTER ~ 18
"Minor Bridge No. 366A",

Location - Existing Km. - 328/01-03

- CONSULTING
—_— U ; 3 : " E Engineers Group Ltd.
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Minor Bridge No. 366 A

18.1 LOCATION OF STRUCTURE:
Proposed Minor Bridge No. 366 A at Chainage 328/1-3
18.2 BOREHOLE DESCRIPTIONS:
(a) Location of Structure, Boreholes with RL of existing GL 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 >20.00m 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
3.00 to 4.50 Silty Sand with gravels Medium Dense
BH-1 4.50 to 6.00 Silty Sand Medium Dense
6.00 to 7.50 Sandy Silt Medium Dense
7.50 to 10.50 Silty Sand Medium Dense
10.50 to 12.00 Silty Sand Dense
183 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH |Carbonate |Chlorides| Sulphate| Nitrate | Salinity
(m) % % Y% %
BH-1 3.00 8.60 0.005 0.0021 NIL 0.0012 0.037
184 DIFFERENTIAL FREE SWELL INDEX (DFS)
Bore Hole No. Depth (m) DFS Index in %
3.00 NIL
s 6.00 NIL
185 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.50 11.00
BH-1 3.00 16.00
4.50 18.00
6.00 21.00
18.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 366 A

18.7 RECOMMENDATIONS

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

Nofe- 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—328/1—3 FOR MINOR BRIDGE NO.—366 A,

ON KESARI TO SANEHWAL, LUDHIANA

Depth (m> N-Values

RL-263.454

0.00 i NEZ N

1.50 7 £

00 ey UDS

AT AESAR

450 16 &

6.00 UDS

7.50 25 =

10,50 — 33 33

12.00 39 39

LEGEND

DESCRIPTION
SILTY SAND WITH
CLAY

SILTY SAND

| SILTY'SAND WITH 1+
GRAVELS
SANDY SILT

SAND

- 3078
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ANNEXURE - Ill

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

INPUT DATA
Minor Bridge No 328/2-3 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Continuous Strip 1

3 Square

4 Circular
Angle of internal friction (4 °) 27.50
Cohesion (¢ in Ym2) 0.00
Void ratio (g) 0.55
Direction of load with vertical () 0.00
Density of surcharge (Vm®) 1.65
Density of foundation sail (U/m°) 1.65
Depth of water table(m) 1.50
Factor of safety 3.00

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

1 1.50 1.20

2 3.00 1.20

3 4.50 1.20

4 6.00 1.20

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 = CNescdeic + ¢ (Ng-1) 85050 + (1/2) B y N, s, d, i, W'

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

'y = (213) c N'gscdeic + q (N'g1) Sqdqiq + (1/2) By N', s, 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 +4/2)

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

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 - ]

¢ 27.50 ¢ 19.23
N, 25.43 N', 14.24
Ng 14.53 N'q 6.02
N, 16.64 N, 4.97
Shape factors :
S.no.  Width(m) Se Sy 8,
1 1.20 1.00 1.00 1.00
2 1.20 1.00 1.00 1.00
3 1.20 1.00 1.00 1.00
4 1.20 1.00 1.00 1.00
Depth factors :
S.no.  Depth(m) Width{m) dc dg d,
1 1.50 1.20 1.41 1.21 1.21
2 3.00 1.20 1.82 1.41 1.41
3 4.50 1.20 2.24 1.62 1.62
4 6.00 1.20 2.65 1.82 1.82
Inclination factors :
io= (1-a/90)°? i = (1-c/ 90) 2 = (1-ald)?
1.00 1.00 1.00
Water table factor :
S.no.  Depth{m) Width(m) Z./B w
1 1.50 1.20 0.00 0.50
2 3.00 1.20 -1.25 0.50
3 4.50 1.20 -2.50 0.50
4 6.00 1.20 -3.75 0.50
Safe Bearing Capacity
S.no. Depth{m) Width(m) |SBC in (Um‘?)
General shea{ Local shear Actual
1 1.50 1.20 14.08 4.08 14.08
2 3.00 1.20 16.49 5.84 16.49
3 4.50 1.20 18.89 6.69 18.89
4 6.00 1.20 21.30 7.54 21.80

3084
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ANNEXURE - IV

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

Location Minor Bridge No. 366A
Chainage 328/2-3
Bore Hole No. 1

Footing Depth (m) 1.50 Footing Depth (m) 3.00
SBC (t/m2) 11.00 SBC (t/m2) 16.00
Average N value 11.84 Average N value 16.00
Settlement for 10 t/m2 (mm) 30.00 Settlement for 10 t/m2 (mm) 18.00
Total Settlement (mm) 33.00 Total Settlement (mm) 28.80
Depth Correction 0.91 Depth Correction 0.83

Rigidity Correction 0.8 Rigidity Correction 0.8

Corrected Total Settlement Corrected Total Settlement
24.0 19.1
(mm) (mm)

Footing Depth (m) 4,50 Footing Depth (m) 6.00
SBC (t/m2) 18.00 SBC (t/m2) 21.00
Average N value 18.00 Average N value 20.00
Settlement for 10 /m2 (mm) 15.00 Settlement for 10 t/m2 (mm) 15.00
Total Settlement (mm) 27.00 Total Settlement (mm) 31.50
Depth Correction 0.74 Depth Correction 0.68

Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement 16.0 Corrected Total Settlement 171

{mm) (mm)
[} CONSULTING
E Engineers Group Ltd.
- 3 # L A oadatin
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 365A

CHAPTER -19
"Minor Bridge No. 365A",

Location - Existing Km. - 326/01-03
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Minor Bridge No. 365A

191 LOCATION OF STRUCTURE:
Proposed Minor Bridge No. 365A at Chainage 326/01-03
19.2 BOREHOLE DESCRIPTIONS:
(a) Location of Structure, Boreholes with RL of existing GL 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-IIL
(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 with Clay Loose
BH-1 1.50 to 4.50 Silty Sand with Gravels Medium Dense
4.50 to 10.50 Silty Sand Medium Dense
10.50 to 12.00 Silty Sand Dense
193 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH |Carbonate |Chlorides| Sulphate| Nitrate | Salinity
(m) % % Yo Y%
BH-1 3.00 850 .| 0.005 0.0014 NIL 0.0011 0.022
6.00 9.00 0.010 0.0011 NIL 0.0010 0.020
19.4 DIFFERENTIAL FREE SWELL INDEX (DFS)
Bore Hole No. Depth (m) DEFS Index in %
3.00 NIL
ki 6.00 NIL
19.5 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m2)
1.50 9.00
3.00 10.50
BH-1
4.50 12.00
6.00 13.50
19.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 365A

19.7 RECOMMENDATIONS

(i) Type of foundation Open foundation
- Depth of foundation
(ii) below GL Below 3.00m 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 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—326/1-3 FOR MINOR BRIDGE NO.—365 A,

ON KESARI TO SANEHWAL, LUDHIANA

Depth (m N-Values RL-P63.877
0.00 T — N R

+ * +
1.50 ;7; v,; i v;v;\;};v,L 12
Y.V iviq».iz

3.00 o UDS
vy,

el

4.50

T gL L RS I e i
Sgrentth ST BT YTy Ity Ty
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ANNEXURE - Il

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

INPUT DATA

Type of footing
1 Continuous Strip
2 Rectangular
3 Square
4 Circular

Miner Bridge No 326/1-9 BH-1

Continuous Strip

Angle of internal friction (§ °) 27.00
Cohesion (c in t/m2) 0.00
Vaoid ratio (e) 0.66
Direction of load with vertical () 0.00
Density of surcharge (t!ma) 1.70
Density of foundation soil (Ym®) 1.89
Depth of water table(m) 1.50
Factor of safety 3.00
5.no. Depth (m) Width (m)

1 1.50 1.20

2 3.00 1.20

3 4.50 1.20

4 6.00 1.20

SHEAR FAILURE CRITERIA

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

The ultimale net bearing capacity in case of general shear failure is given by
Q3= CNeScdeic + q (Ng1) 8q0giq+ (1/2) B yN, s, d,i, W

The ultimate net bearing capacity in case of local shear failure is given by
Qe = (23) e N'escdeic + g (N'g1) Sqdqiq + (1/2) By N, s,d,i W

Where,

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

d,=d,=1for ¢ <10°

d.=d, =1+0.1 (DyB)*SQRT(N,) for ¢ >10°
q Y JJ

N, = tan’(m/4 +$i2)

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

OuUTPUT

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.
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ANNEXURE - Il

Bearing capacity factors :

n 27.00 ¢ 18.85
N, 24.49 N, 13.94
N, 13.76 N, 5.83
N, 15.48 N', 4.76

Shape factors :

S.no.  Width(m) Se S, S,
1 1.20 1.00 1.00 1.00
2 1.20 1.00 1.00 1.00
3 1.20 1.00 1.00 1.00
4 1.20 1.00 1.00 1.00

Depth factors :

S.no. Depth{m) Width(m) dc dg d,
1 1.50 1.20 1.41 1.20 1.20

2 3.00 1.20 1.82 1.41 1.41

3 4.50 1.20 2.22 1.61 1.61

4 6.00 1.20 2.63 1.82 1.82

Inclination factors :
ip= (1-a/90) % i = (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 1.50 1.20 0.00 0.50
2 3.00 1.20 -1.25 0.50
3 4.50 1.20 -2.50 0.50
4 6.00 1.20 -3.75 0.50
Safe Bearing Capacity
S.no. Depth(m)  Width(m) [sBC in (tim?)
General shea| Local shear \ Actual
1 1.50 1.20 13.97 5.04 9.06
2 3.00 120, 16.33 5.89 10.59
3 4.50 1.20 18.70 6.75 1213
4 6.00 1.20 21.07 7.60 13.66

- CONSULTING
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ANNEXURE - IV

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

Location Minor Bridge No. 365A
Chainage 326/1-3
Bore Hole No. 1
Footing Depth (m) 1.50 Footing Depth (m) 3.00
SBC (y/m2) 9.00 SBC (/m2) 10.50
Average N value 19.51 Average N value 22.05
Settlement for 10 t/m2 (mm) 15.00 Settlement for 10 {/m2 (mm) 13.80
Total Settlement (mm) 13.50 Total Settlement (mm) 14.49
Depth Correction 0.91 Depth Correction 0.83
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
9.8 9.6
(mm) (mm)
Footing Depth (m) 4,50 Footing Depth (m) 6.00
SBC (t/m2) 12.00 SBC (t/m2) 13.50
Average N value 23.28 Average N value 23.71
Settlement for 10 t/m2 (mm) 13.10 Settlement for 10 t/m2 (mm) 12.70
Total Settlement (mm) 15.72 Total Settlement (mm) 17.15
Depth Correction 0.74 Depth Correction 0.68
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
9.3 9.3
(mm) (mm)

i CONSULTING
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 365

CHAPTER ~ 20
"Minor Bridge No. 365",

Location - Existing Km. - 325/25-27

Lo F CONSULTING
R X Engineers Group Ltd.

T eyt A a1 DA
P SAICERE BIEAR 438ise

g * 8
BWas catmat@ie dul met

Page 195 of 513



((((((((((((( - e e e ww ww e YD YWY e PP PP IIDIDOO O



Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Minor Bridge No. 365

20.1

LOCATION OF STRUCTURE:
Proposed Minor Bridge No. 365 at Chainage 325/25-27

20.2 BOREHOLE DESCRIPTIONS:

a) Location of Structure, Boreholes with RL of existing GL shown in FIGURE-1.
b) Subsurface Characteristic of Soil/Rock shown in ANNEXURE-I.
c) Borelogs and sub soil profile shown in ANNEXURE-II.

e) Calculations of Probable Settlement in ANNEXURE-IV.

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

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
BHL1 3.00 to 7.50 Sixty Sand Medium Dense
7.50 to 12.00 Silty Sand Dense
Below 12.00 Sand Dense
20.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH |Carbonate |Chlorides| Sulphate| Nitrate | Salinity
(m) % % % %
BH-1 3.00 8.70 0.010 0.0018 NIL 0.0011 0.027
6.00 8.70 0.015 0.0021 NIL 0.0012 0.039
20.4 DIFFERENTIAL FREE SWELL INDEX (DFS)
Bore Hole No. Depth (m) DFS Index in %
3.00 NIL
B 6.00 NIL
20.5 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.50 10.00
3.00 11.00
BH-1
4.50 13.00
6.00 15.00
20.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.

€
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 365

20.7 RECOMMENDATIONS

(i) Type of foundation Open foundation
(i) 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,
furthe- 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—325/25-27 FOR MINOR BRIDGE NO.—365,
ON KESARI TO SANEHWAL, LUDHIANA
Depth (m) N-Values RL-P63.826
i - NZN
1.50 i
3.00 g
3.80 §
15
4,50
6.00
35
7420
38
10.50
12.00 40
LEGEND
SYMBOL DESCRIPTION
t.‘.*.*,*.*] SANDY SILT WITH
+ + + + + m-r
BN SILTY SAND
W il‘! SAND
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ANNEXURE - lif

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

INPUT DATA

Type of footing
1 Continuous Strip
2 Rectangular
3 Square
4 Circular

Minor Bridge No 325/25-27

BH-1

Continuous Strip

Angle of internal friction (¢ °) . 21.00
Cohesion (¢ in m2) 0.80
Void ratio (e) 0.61
Direction of load with vertical () 0.00
Density of surcharge (¢m’) 1.70
Density of foundation soil (m’) 1.88
Depth of water table(m) 1.50
Factor of safety 3.00
S.no. Depth (m) Width (m)
1 1.50 1.20

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
Q= € NS dgic + G (Ng1) Sodgig + (1/2) B y N, s, d, i, W'

ot S

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

Oy =(2/3) e N';s.deic + 9
Where,

(N'g1) $odgiq + (1/2) By N', s, d, i, W'

d, = 1+ 0.2 (D¢B)"SQRT(N,)

d,=d, = 1for ¢ <10°

dy=d,=1+0.1 (D/B)"SQRT(N,) for ¢ >10°

N, = tan’(n/d +/2)
¢' for local shear failure =

OUTPUT

tan” (0.67 tang )

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 - lll

) 21.00 ¢ 14.42
Ne 16.01 N', 10.68
N, 7.25 N, 3.77
N, 6.49 N, 2.49
Shape factors :
S.no.  Width(m) Sa S, 5,
1 1.20 1.00 1.00 1.00
Depth factors :
S.no.  Depth(m) Width(m) dc dg d,
1 1.50 1.20 1.36 1.18 1.18
Inclination factors :
i 2z C 2 . 2
ie = (1-ct/ 90) iy = (1-0./ 90) i, = (1- af ¢)
1.00 1.00 1.00
Water table factor :
5.no. Depth(m) Width(m) Z,/B w
1 1.50 1.20 0.00 0.50
Safe Bearing Capacity
S.no.  Depth(m)  Width{m) [sBC in (Wm?)
General shea[ Local shear \ Actual
12,28 5.37 10.21

1 1.50

1.20

3088
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ANNEXURE - lil

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

INPUT DATA

Type of footing
1 Continuous Strip
2 Rectangular
3 Square
4 Circular

Minor Bridge No 325/25-27

BH-1

Continuous Strip

Angle of internal friction (3 *) 26.00
Cohesion (¢ in t/m2) 0.00
Void ratic (e) 0.61
Direction of load with vertical ) 0.00
Density of surcharge (t/m”) 170
Density of foundation soil (t"ma) 1.88
Depth of water table(m) 1.50
Facter of safety 3.00
S.no. Depth (m) Width (m)

3.00 1.20

2 4.50 1.20

3 6.00 1.20

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
Qo= € NeSedgie + q (Ng-1) Sqdgiq + (1/2) By N, s, d,i, W

The ultimate net bearing capacity in case of local shear failure is given by
Q= {28) c N'gsedeic + g (N'g1) 8dyiy + (1/2) By N, 8,0, i, W

Where,

d, = 14 0.2 (DyB)*SQRT(N,)

dy,=d, = 1for $ <10°

dy=d,=1+0.1 (D¢B)*SQRT(N,) for ¢ >10°

N, = tan’(r/4 +$/2)

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

QUTPUT

The compulter 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.

3099 ;
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ANNEXURE - 1l

Bearing capacity factors :

[ 26.00 ¢' 18.10
N, 22.60 N’ 13.36
N, 12.21 N'y 5.46
N, 13.18 N, 4.35
Shape factors :
S.no.  Width(m) S Sq S,
1 1.20 1.00 1.00 1.00
2 1.20 1.00 1.00 1.00
3 1.20 1.00 1.00 1.00
Depth factors :
S.no.  Depth{m) Width(m) dc dg d,
1 3.00 1.20 1.80 1.40 1.40
2 4.50 1.20 220 1.60 1.60
3 6.00 1.20 2.60 1.80 1.80
Inclination factors :
B . 2 - 2 - 2
i. = (1-o/ 90) ig=(1-a./ 90) i,=(1-al/d)
1.00 1.00 1.00
Water table factor :
S.no.  Depth(m) Width(m) z,/B w
1 3.00 1.20 -1.25 0.50
2 4.50 1.20 -2.60 0.50
3 6.00 1.20 -3.75 0.50
Safe Bearing Capacity
S.no. Depth(m) Width(m} |SBC in (Umzj
General shea] Local shear l Actual
1 3.00 1.20 14.14 5.39 11.52
2 4.50 1.20 16.16 6.16 13.16
3 6.00 1.20 18.18 6.93 14.81

CONSULTING
1 G P | Engineers Group Ltd.
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ANNEXURE - 1V

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

Location Minor Bridge No. 365
Chainage 325/25-27
Bore Hole No. 1
Footing Depth (m) 1.50 Footing Depth (m) 3.00
SBC (t/m2) 10.00 SBC (t/m2) 11.00
Average N value 13.63 Average N value 17.94
Settlement for 10 ¥/m2 (mm) . 24.00 Settlement for 10 {/m2 (mm) 17.00
Total Settlement (mm) 24.00 Total Settlement (mm) 18.70
Depth Correction 0.91 Depth Correction 0.83
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement 175 Corrected Total Settlement 124
(mm) (mm)
Footing Depth (m) 450 Footing Depth (m) 6.00
SBC (t/m2) 13.00 SBC (t/m2) 15.00
Average N value 23.11 Average N value 27.66
Settlement for 10 t/m2 (mm) 13.20 Settlement for 10 ¢/m2 (mm) 9.80
Total Settlement (mm) 17.16 Total Settlement (mm) 14.70
Depth Correction 0.74 Depth Correction (.68
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
i) 10.2 s 8.0
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 364

CHAPTER - 21
"Minor Bridge No. 364",

Location ~ Existing Km. - 323/23-25

CONSULTING
310 2 L Engineers Group Ltd.
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Minor Bridge No. 364

211 LOCATION OF STRUCTURE:
Proposed Minor Bridge of Span 1x3.66
21.2 BOREHOLE DESCRIPTIONS:
(a) Location of Structure, Boreholes with RL of existing GL 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-IIL
(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 t0 1.50 Clayey Silt Loose
1.50 to 3.00 Clayey Silt Medium Dense
BEL1 3.00 to 4.50 Clayey Silt with Gravels Medium Dense
450 to 7.50 Clayey Silt Medium Dense
7.50 to 10.50 Clayey Silt Dense
10.50 to 12.00 Sand Dense
21.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH |Carbonate [Chlorides| Sulphate| Nitrate | Salinity
(m) % % % %
BHL1 3.00 9.00 0.010 0.0021 NIL 0.0012 0.038
6.00 9.00 0.012 0.0014 NIL 0.010 0.024
214 DIFFERENTIAL FREE SWELL INDEX (DES)
Bore Hole No. Depth (m) DEFS Index in %
3.00 15
BH- 6.00 13
21,5 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.50 8.00
3.00 12.50
BH-1
4.50 17.50
6.00 19.00
21.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.

Page 207 of 513

CONSULTING
Engineers Group Ltd.

Ve Lo, B




Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 364

21.7 RECOMMENDATIONS

(i) Type of foundation Open foundation
(i) Depth of foundation Below 4.50 m 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.

™ CONSULTING
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ANNEXURE-I
Geotechnical Report

Consulting Engineers Group Ltd., Jaipur
BORELOG OF BH—1(LHS) AT EXISTING KM—323/23—-25 FOR MINOR BRIDGE NO.—364,
ON KESARI TO SANEHWAL, LUDHIANA
Depth (m N-Values RL-264.076
0.00 - NERZSY
1
1.50 — 11 L
3.00 ubs
4.50 17 17
6.00 — UDS
7.50 — 31 =t
10,50 35 22
12.00 40 40
LEGEND
SYMBOL DESCRIPTION
XG2S | ok st
- v : i | sanp
- ¢ e
3147
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ANNEXURE - Il

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

Minor Bridge No 323/23-25 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Rectangular 2

3 Square

4 Circular
Angle of internal friction (§ ) 21.00
Cohesion (cin t/m2) 1.20
Void ratio (e) 067
Direction of load with vertical (') 0.00
Density of surcharge (tfrna) 1.70
Density of foundation soil (t/m®) 175
Depth of water table(m) 1.50
Factor of safety 3.00

S.ne. 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 1S:6403-1981 are given below -

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

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

d4=(213)c N'gscdsic + q (N'g1) q0yiq + (1/2) B v N', 5, d, i, W
Where,

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

d,=d,=1for $ <10°

d,=d,=1+0.1 (DJB)*SQRT(N,) for $>10°

N, = tan”(n/4 +§/2)

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

QUTPUT

The compuler 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.

a4l G
- @ aj'”)dg
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ANNEXURE - lll

Bearing capacity factors :

b 21.00 I 14.42
N 16.01 N, 10.68
N, 7.25 N, 377
N, 6.49 N, 2.49
Shape factors :
S.no.  Width(m)  Length (m) Se 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) de dg d,
1 1.50 3.00 1.15 1.07 1.07
2 3.00 3.00 1.29 1.15 1.15
3 4.50 3.00 1.44 1.22 1.22
4 6.00 3.00 1.568 1.29 1.29
Inclination factors :
i = (1-a/90)° o = (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
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 (tm?)

General sheal Local shear Actual
1 1.50 3.00 8.00 16.60 7.21 10.97
2 3.00 3.00 8.00 2474 10.81 16.38
3 4.50 3.00 8.00 26.75 11.69 17.71
4 6.00 3.00 8.00 28.75 12.57 19.04

| Englneers Group Ltd.
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ANNEXURE - IV

Settlement Calculation As per IS 8009 (Part 1)

BH No. (A1)

Depth of foundation =
Length of footing (L) b
Width of footing (B) -
Initial effective stress at mid of layer Po =

Concentrated load P =

Incerase in pressure at mid of layer AP =
lg=
AP =
Compression Index Cc
Thickness of clay layer H
Initial Void ratio e, =
Po+Ap
Po h
Settlement of clay layer S =

Sf =

Minor Bridge at Ch. 323/23-25

15 m

80 m

30 m
6.5625 t/m’

800 t/m’
PxI B

0.22

18 t/m’

012

45 m

0.67
1.26819

Ce
T H log 14
0.03337 m
33.365 mm

Correction for Depth and Rigidity of foundation on total settlement

Depth Factor Calculation

D/(LBA® = 0.61

D = Depth of Foundation

L/B = 267
Depth Factor = 091

Total Settlement of Rigid foundation
e Total Settlement at the centre of Flexible foundation
Rigidity Factor =~ =
= 0.8

Pore Pressure correction = N.A.
Total Settlement = 5f x D.F.x R.F.x Pore Pr. Correction

S = 243 mm

Po + AP

Po

-

i

g
SE P
i

[ %]
» 3
L

&
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ANNEXURE - IV

Settlement Calculation As per IS 8009 (Part 1)

BH No. (A1) Minor Bridge at Ch. 323/23-25
Depth of foundation = 30 m
Length of footing (L) = 80 m
Width of footing (B) = 30 m
Initial effective stress at mid of layer ~ Po = 91875 t/m’
Concentrated load P = 1250 t/m’
Incerase in pressure at mid of layer AP = Pxlg
Iy= 022
AP = 28 t/m’
Compression Index Cc = 012
Thickness of clay layer H = 45 m
Initial Void ratio e, = 067
+
Po
Cc Po + AP
Settlement of clay layer S ~res H log 19 o
5 = 0.03677 m
= 36.7705 mumn

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

D/ (LB = 0.61
D = Depth of Foundation
L/B = 267

Depth Factor = 083

Total Settlement of Rigid foundation
Total Settlement at the centre of Flexible foundation

Rigidity Factor =
= 08
Pore Pressure correction = N.A.
Total Settlement = 5fx D.F.x R.F.x Pore Pr. Correction
Sp = 244 mm

s C CONSULTING
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ANNEXURE - IV

Settlement Calculation As per IS 8009 (Part 1)

BH No. (A1) Minor Bridge at Ch. 323/23-25
Depth of foundation = 45 m
Length of footing (L) = 80 m
Width of footing (B) = 30 m
Initial effective stress at mid of layer ~ Po = 1215 t/m’
Concentrated load P = 1750 t/m’
Incerase in pressure at mid of layer AP = Pxlg
ITg= 022
AP = 39 tm
Compression Index Cc = 01
Thickness of clay layer H = 45 m
Initial Void ratio e, = 0.6
Po +
Z020P . 131687
Po
Ce Po + AP
Settlement of clay layer 5 S T ogw — 55—
S = 0.03698 m
= 36.9838 mm

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

D/(LB) = 0.6l
D = Depth of Foundation
L/B = 267

Depth Factor = 078

Total Settlement of Rigid foundation
Total Settlement at the centre of Flexible foundation

Rigidity Factor =
= 0.8
Pore Pressure correction = N.A.
Total Settlement = S5f x D.F.x RF.x Pore Pr. Correction
S = 231 mm
€3
ey § 43
3 & i
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ANNEXURE - IV

Settlement Calculation As per IS 8009 (Part 1)

BH No. (A1) Minor Bridge at Ch. 323/23-25
Depth of foundation = 60 m
Length of footing (L) = 80 m
Width of footing (B) = 30 m
Initial effective stress at mid of layer  Po = 1485 t/m’
Concentrated load P = 1900 t/m’
Incerase in pressure at mid of layer AP = Pxlyg
I's= 022
AP = 42 t/m’
Compression Index Cc = 011
Thickness of clay layer H = 45 m
Initial Void ratio e, = 0.6
Po +
S2TOP . 128148
Po
Ce Po + AP
Settlement of clay layer Si “Treo  H logio —p—]
5S¢ = 0.03332 m
= 33.3235 mm

Correction for Depth and Rigidity of foundation on total settlement

Depth Factor Calculation

D/(LBAY = 082

D = Depth of Foundation
L/B = 267
Depth Factor = 068

Total Settlement of Rigid foundation
Total Settlement at the centre of Flexible foundation

Rigidity Factor =
= 0.8
Pore Pressure correction = N.A.
Total Settlement = Sf x D.F.x RF.x Pore Pr. Correction
S = 181 mm

' 3113
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Geo-technical Investigation Ludhiana-Ambala Section {DFCCIL) Minor Bridge No. 363

CHAPTER - 22
"Minor Bridge No. 363",

Location - Existing Km. - 321/27-29

4 1 CONSULTING
3 1 ‘L o E Engineers Group Ltd.
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Geo-technical Investigation

Ludhiana~-Ambala Section (DFCCIL)

Minor Bridge No. 363

221 LOCATION OF STRUCTURE:
Proposed Minor Bridge of Span 1x1.2x1.2
222 BOREHOLE DESCRIPTIONS:
(a) Location of Structure, Boreholes with RL of existing GL 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 with Clay Loose
1.50 to 3.00 Silty Sand Loose
BHL1 3.00 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 Sand Dense
223 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH |Carbonate | Chlorides | Sulphate | Nitrate | Salinity
(m) % % % %
BH-1 3.00 8.70 0.005 0.0021 NIL 0.0013 0.062
224  DIFFERENTIAL FREE SWELL INDEX (DEFS)
Bore Hole No. Depth (m) DES Index in %
3.00 NIL
B 6.00 NIL
225 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.50 12.00
BH-1 3.00 15.50
4.50 18.00
6.00 20.00
22.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.

3

E—..n.
’;_\-
&

Page 219 of 513

CONSULTING

Engineers Group Ltd.

i




Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 363
22,7 RECOMMENDATIONS

(i) Type of foundation Open foundation
(i) 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 I'ype of foundaticn 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

Depth (m)

0.00

1.50

3.00

4.30

6.00

7.50

10,50

12.00

BORELOG OF BH—1(LHS) AT EXISTING KM-—321/27—29 FOR MINOR BRIDGE NO.—363,
ON KESARI TO SANEHWAL, LUDHIANA
N-Nelues RL-264.156
- NN
7
24
28
3e
38
LEGEND
SYMBOL DESCRIPTION
SILTY SAND WITH
CLAY
SILTY SAND
N . g%g’msm WITH
- 3113 e
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ANNEXURE - 1l

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

INPUT DATA
Miner Bridge No 321/28-29 BH-1

Type of footing

1 Continuous Strip

2  Rectangular Continuous Strip 1

3 Square

4 Circular
Angle of internal friction (¢ ) 28.00
Cohesion (¢ in t/m2) 0.00
Void ratio (e) 0.59
Direction of load with vertical () 0.00
Density of surcharge ({t/m"”) 1.70
Density of foundation soil (t/m") 1.70
Depth of water table(m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m)
1 1:50 1.20
2 3.00 1.20

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 = CNcSceic +q (Ng-1) Sqdgig+ (1/2) B y N, s, d,i, W'

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

Q= (2/3) e N'esodyic + g (N'g1) qdqiq +(1/2) By N s, d,i, W
Where,

d. = 1+ 0.2 (D/BY*SQRT(N;)

dy=d, = 1for ¢ <10°

d,=d,=1+0.1(D/B)*SQRT(N,) for ¢ >10°

N, = tan*(n/4 +¢/2)

o' 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.

S 3lRd

CONSULTING
Englneers Group Ltd.
-
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ANNEXURE - lll

Bearing capacity factors :

] 28.00 [y 19.61
N, 26.37 N'. 14.53
Ny 15.30 Ny 6.21
N, 17.79 N, 5.18
Shape factors :
S.no.  Width(m) Se S, S,
1 1.20 1.00 1.00 1.00
2 1.20 1.00 1.00 1.00
Depth factors :
S.no.  Depth(m) Width(m) de dy d,
1 1.50 1.20 1.42 1.21 121
2 3.00 1.20 1.83 1.42 1.42
Inclination factors :
ip= (1-a/90) 2 iy = (1-0t/ §0) ? i, = (1-o/$)?
1.00 1.00 1.00
Water table factor :
S.no.  Depth(m) Width{m) Z,/B w
1 1.50 1.20 0.00 0.50
2 3.00 1.20 -1.26 0.50
Safe Bearing Capacity
Sno. Depth(m)  Width(m) [sBC in (tm?)
General shea\ Local shear Actual
1 1.50 1.20 15.40 5.34 13.39
2 3.00 1.20 18.06 6.26 156.70
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ANNEXURE - Il

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

INPUT DATA
Minor Bridge No 321/28-29 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Continuous Strip 1

3 Square

4 Circular
Angle of internal friction ($ °) 28.00
Cohesion (c in Y/m2) 0.00
Void ratio (e} 0.59
Direction of load with vertical ) 0.00
Density of surcharge  (t/m°) 1.70
Density of foundation soil (Uma) 1.78
Depth of waler table(m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m)
1 4.50 1.20
2 6.00 1.20

SHEAR FAILURE CRITERIA

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

The ultimate net bearing capacity in case of general shear failure is given by
Ga = & N Se toie + G (Ne-1) Sqdyig + (1/2) B v N, s, d, i, W

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

= (218) e N'e s, dei + G (N'-1) S4dqig + (1/2) By N',s,d, i, W
Where,

d. = 1+ 0.2 (D¢B)*SQRT(N,)

d,=d, =1 for $ <10°

dy=d,=1+0.1(D¢B)*SQRT(N,) for ¢ >10°

N, = tan’(/d +6/2)

¢' 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.
e 4
. S ‘} i 4
- o _f\. ye o
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ANNEXURE - Il

Bearing capacity factors :

] 28.00 o' 19.61
N, 26.37 N'g 14.53
N, 15.30 N, 6.21
N, 17.79 N, 518
Shape factors :
S.no.  Width{m) S Sg S,
1 1.20 1.00 1.00 1.00
2 1.20 1.00 1.00 1.00
Depth factors :
Sno.  Depth(m) Width(m) dc dy d,
1 4.50 1.20 2.25 1.62 1.62
2 6.00 1.20 2.66 1.83 1.83
Inclination factors :
i.= (1-a/90) 2 i = (1-/ 90} ° iL=(1-ald)’
1.00 1.00 1.00
Water table factor :
S.no. Depth(m) Width(m) Z,/B w
1 4.50 1.20 -2.50 0.50
2 6.00 1.20 -3.75 0.50
Safe Bearing Capacit
Sno. Depth(m)  Width(m) [sBC in (vm?)
General sheaJ Local shear Actual
1 4.50 1.20 20.94 7.25 18.20
2 6.00 1.20 23.62 8.18 20.53

!
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ANNEXURE - IV

Settlement Calculation for Cohesionless Soil As per IS 8009 (Part 1)
Location Minor Bridge No. 363
Chainage 321/28-29
Bore Hole No. 1
Footing Depth (m) 1.50 Footing Depth (m) 3.00
5BC (/m2) 12.00 SBC (t/m2) 15.50
Average N value 14 Average N value 21
Settlement for 10 t/m2 (mm) 19.00 Settlement for 10 {/m2 (mm) 10.00
Total Settlement (mm) 22.80 Total Settlement (mm) 15.50
Depth Correction’ 0.83 Depth Correction 0.73
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
15.1 9.1
(mm) (mm)
Footing Depth (m) 4.50 Footing Depth (m) 6.00
SBC (t/m2) 18.00 SBC (1/m2) 20.00
Average N value 25 Average N value 25
Settlement for 10 t/m2 (mm) 8.40 Settlement for 10 /m2 (mm) 8.40
Total Settlement (mm) 15.12 Total Settlement (mm) 16.80
Depth Correction 0.675 Depth Correction 0.63
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
8.2 85
{mm) (mmn)
- at 9
- Lo
v M CONSULTING
b . Englneers Group Ltd.
Wi ® E',‘.' :.f:. Wy oye arms v "'f
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 362

CHAPTER - 23
"Minor Bridge No. 362",

Location -~ Existing Km. - 320/25-27

Engineers Group Ltd.

e o
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 362

231 LOCATION OF STRUCTURE:
Proposed Minor Bridge of Span 2x3.05
23.2 BOREHOLE DESCRIPTIONS:
(a) Location of Structure, Boreholes with RL of existing GL 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 >22.00m below EGL.
Subsurface profile at the site
BOREHOLE Depth Type of Soil/Rock Soil/Rock
No. (m) Characteristics
0.00 to 0.50 Sandy Silt with Clay Loose
0.50 to 1.50 Sandy Silt with Clay & Gravels Loose
BH-1 1.50 to 3.00 Sandy Silt with Clay & Gravels Medium Dense
3.00 to 4.50 Silty Sand Medium Dense
4.50 to 7.50 Clayey Silt Medium Dense
7.50 to 12.00 Silty sand Dense
23.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH |Carbonate | Chlorides | Sulphate| Nitrate | Salinity
(m) % % % %
BH-1 3.00 8.70 0.007 0.0014 NIL 0.0009 0.017
6.00 8.70 0.007 0.0014 NIL 0.0010 0.0258
234 DIFFERENTIAL FREE SWELL INDEX (DFS)
Bore Hole No. Depth (m) DFS Index in %
3.00 NIL
BH 6.00 22
23.5 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?2)
1.50 8.00
3.00 14.50
BH-
. 4.50 18.00
6.00 19.00
23.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 362

23.7 RECOMMENDATIONS

(i) Type of foundation Open foundation
o Depth of foundation
(ii) below GL Below 3.00m 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
cenditions during excavation for the foundation differ from the observatiors
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—320/25-27 FOR MINOR BRIDGE NO.—362,

ON KESARI TO SANEHWAL, LUDHIANA

Depth (m N-Values RL-P63.438
R0 NP
0.50
1,50 . Lf
3,00
4,50 24 4
6.00 e [IDS
7.50 e
10,50 37
12.00 49

LEGEND

SYMBOL DESCRIPTION

BOOOO SANDY SILT WITH
+ + + + & mY

SANDY SILT WITH
CLAY & GRAVELS

SILTY SAND

R | coom 2

] CONSULTING
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ANNEXURE - ill

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

INPUT DATA
Minor Bridge No 320/25-27 BH-1

Type of fooling

1 Continuous Strip

2 Rectangular Rectangular 2

3 Square

4  Circular
Angle of internal friction (¢ °) 26.00
Cohesion (¢ in t/m2) ’ 0.00
Void ratio (e) 0.70
Direction of load with vertical ) 0.00
Density of surcharge (t/m") 1.64
Density of foundation soil (tm®) 1.64
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
Qg = C NS dic +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

G'a=(2/3) ¢ N'os.di i + q (N'-1) sqdgiq + (1/2) B y N, s,dyi?\}\."
Where,

de = 1+ 0.2 (D¢B)*SQRT(N,)

dq = d, = 1 for ¢ <10°

dq=d, =1+ 0.1 (DJB)*SQRT(N,) for ¢ >10°

N, = tan’(r/4 +4/2)

¢' for local shear failure = tan™ { 0.67 tan )

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.

1}
&7
fone
P2
o

2 o R " CONSULTING
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Bearing capacity factors :

ANNEXURE - ill

0 26.00 & 18.10
N 22.60 N's 13.36
N, 12.21 N 5.46
N, 13.18 N, 4.35
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 d, 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 :
o 2 i 2 f s 2
i.= (1-0./ 90) i = (1-a/ 90) i, = (1- o/ )
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 Capacit
Sno. Depth(m)  Width(m) Length (m) [SBC in (Um?)
General shea| Local shear Actual
1 1.50 3.00 8.00 15.63 5.89 8.32
2 3.00 3.00 8.00 28.25 10.89 15.23

T~ 3132
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ANNEXURE - ilf

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

INPUT DATA
Minor Bridge No 320/25-27 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Rectangular 2

3  Square

4 Circular
Angle of internal friction (o °) 13.50
Cohesion (c in Ym2) 2.50
Void ratio (e) 0.57
Direction of load with vertical () 0.00
Density of surcharge  (tm”) 1.64
Density of foundation soil (Um°) 1.0
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 fermula 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 = CNescdoic + g (Ng-1) 8qd,ig + (1/2) B ¥ Ny s, d, i, W'

The ultimate net bearing capacity in case of local shear failure is given by
qg=(2/3) c N'cs doic + g (N'g-1) spdgig + (1/2) By N s, d, i, W

Where,

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

dy=d,=1for  <10°

dy=d,=1+0.1 (D/B)*SQRT(N,) for ¢ >10°

N, = tan(n/4 +6/2)

¢' for local shear failure = tan™ { 0.67 tan¢ )

OUTPUT

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

criteria.
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ANNEXURE - Ill

Bearing capacity factors :

& 13.50 & 9.14
N, 10.19 N’ 8.03
N, 3.50 N’ 231
N, 2.22 N, 1.09
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 1.38 1.19 1.19
2 6.00 3.00 1.51 1.25 1.26
Inclination factors :
o= (1-a/90) 2 ip = (1-0./ 90) 2 i=(1-ald)?
1.00 1.00 1.00
Water table factor :
5.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

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

General shea| Local shear Actual
1 4.50 3.00 8.00 18.92 9.90 18.01
2 6.00 3.00 8.00 20.41 10.68 19.44

CONSULTING
| Englneers Group Ltd
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ANNEXURE - IV

Settlement Calculation for As per IS 8009 (Part 1)

Location Minor Bridge No. 362 |
Chainage 320/25-27
Bore Hole No. 1
Depth of foundation = 15 m
Length of footing (L) = 8.0 m
Width of footing (B) = 30 m
Initial effective stress at mid of layer Po = 369  t/m’
Concentrated load P = 800 t/m’
Incerase in pressure at mid of layer AP = PxIg
Ig= 0.238
AP = 19 t/m’
Compression Index Ce = 0.13
Thickness of clay layer H = 15 m
Initial Void ratio e, = 0.7
Po + Ap = 1.5159892
Cc Po + AP
Settlement of clay layer 5S¢ = “Tres H log 1 o |
S¢ = 0.0207269 m
= 20.726905 mm
Correction for Depth and Rigidity of foundation on total settlement
Depth Factor Calculation
D/(LB)A"° = 0.31
D = Depth of Foundation
L/B = 267
Depth Factor = 0.91

Total Settlement of Rigid foundation

Rigidity F =
igidity Factor Total Settlement at the centre of Flexible foundation
= 0.8
Pore Pressure correction = 0.85
Total Settlement = 5f x D.F.x R.F.x Pore Pr. Correction
Sp = 128 mm
Footing Depth (m) 1.50
effective pr.(t/m2) 1.84
Average N value 26
Settlement for 10 t/m2 (mm) 10.00
Total Settlement (mm}) 1.84
Depth Correction 0.91
Rigidity Correction 0.8
Corrected Total Settlement (mm) 1.34
CONSULTING
[ﬁ} Engineers Group Ltd.
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ANNEXURE - IV

Depth of foundation = 15 m
Length of footing (L) = 80 m
Width of footing (B) = 3.0 m
Initial effective stress at mid of layer Po = 861  t/m’
Concentrated load P = 184  t/m’
Incerase in pressure at mid of layer AP = Pxlg
Ig= 0.238
AP = 04 t/m’
Compression Index Ce = 0.13
Thickness of clay layer H = 1.5 m
Initial Void ratio e, = 0.7
Po*fp  _  os08618
Po
Settlement of clay layer 5 = -TC:O— H log 19 Pol:oAP
5S¢ = 0.0024714 m

= 24714071 mm
Correction for Depth and Rigidity of foundation on total settlement
Depth Factor Calculation

D/ (LB = 031
D = Depth of Foundation
L/B = 2.67
Depth Factor = 09
ey _ Total Settlement of Rigid foundation
Rigidily Faslor - Total Settlement at the centre of Flexible foundation
= 0.8
Pore Pressure correction = N.A.
Total Settlement = Sf x D.F.x R.F.x Pore Pr. Correction
Sp = 1.8 mm
Total Settlement (mm) 1596
C CONSULTING
Lﬁ Engineers Group Ltd.
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ANNEXURE - IV

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

Location Minor Bridge No. 362 |
Chainage 320/25-27
Bore Hole No. 1
Footing Depth {(m) 3.00
SBC (/m2) 14.50
Average N value 27
Settlement for 10 ¥/m2 (mm) 10.00
Total Settlement (mm) 14.50 *
Depth Correction 0.83
Rigidity Correction 0.8
Corrected Total Settlement
9.63
(mm)
Settlement Calculation for Cohesive Soil As per IS 8009 (Part 1)
BH No. (A1) Minor Bridge at Ch. 320/25-27
Depth of foundation = 3.0 m
Length of footing (L) = 8.0 m
Width of footing (B) = 3.0 m
Initial effective stress at mid of layer Po = 9.84 t/m’
Concentrated load P = 14.50 t/m2
Incerase in pressure at mid of layer AP = Pxlg
Iy= 0.238
AP = 35 t/m?
Compression Index Cc = 0.13
Thickness of clay layer H = 3 m
Initial Void ratio e, = 0.7
Po+ Ap
= 1.350711382
Po
_ Cc Po + AP
Settlement of clay layer 5¢ S H log 1o o
S¢ = (.029952587 m
= 299525872 mm
Correction for Depth and Rigidity of foundation on total settlement
Depth Factor Calculation
D/(LBA® = 0.61
D = Depth of Foundation
L/B = 2.67

Depth Factor

Rigidity Factor

Pore Pressure correction
Total Settlement

0.74

Total Settlement of Rigid foundation
Total Settlement at the centre of Flexible foundation
= 0.8
0.85

5f x D.F.x RF.x Pore Pr. Correction
15.1 mm

wn
3
]

Total Settlement (mm)

- . 313

"”;i

24.70
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ANNEXURE - IV

BH No. (A1)

Depth of foundation

Length of footing (L)

Width of footing (B)

Initial effective stress at mid of layer
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

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

Correction for Depth and Rigidity of foundation on total settlement

Minor Bridge at Ch. 320/25-27

= 45 m
= 8.0 m
= 3.0 m
Po = 11475 t/m’
= 1800  t/m’
AP = Pxlg
Ig= 0.238
AP = 43 t/m’
Cc = 0.1
H = 3 m
e, = 0.61
Po + A
= pPo = 1373333333
Cc Po + AP
B a 1+eo H log 10 Po
S = 0025672539 m
= 2567253938 mm
D/ = oe (BNYD= 109
L/B = 267
= 0.74

Total Settlement of Rigid foundation

Total Settlement at the centre of Flexible foundation

= 0.80
0.85

= 5;x D.F.x R.F.x Pore Pr. Correction
S = 129 mm

Settlement Calculation for Cohesionless Soil As per 1S 8009 (Part 1)

Location Minor Bridge No. 362 |
Chainage 320/25-27
Bore Hole No. 1
Footing Depth (m) 450
SBC ({/m2) 360
Average N value 28
Settlement for 10 /m2 (mm) 9.70
Total Settlement (mm) 349
Depth Correction 0.74
Rigidity Correction 0.8
Corrected Total Settlement
2.58
(mm)
Total Settlement (mm) 15.50

i
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ANNEXURE - 1V

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

BH No. (A1) Minor Bridge at Ch. 320/25-27
Depth of foundation = 6.0 m
Length of footing (L) = 8.0 m
Width of footing (B) = 3.0 m
Initial effective stress at mid of layer Po = 1215 t/m’
Concentrated load P = 19.00 t/m*
Incerase in pressure at mid of layer AP = Pxly
Ig= 0.238
AP = 45 t/m’
Compression Index Ce = 0.1
Thickness of clay layer H = 1.5 m
Initial Void ratio e, = 0.61
+
posap = 137218107
Po
Ce Po + AP
Settlement of clay layer ‘ S¢ B vy H log 1 ~—Po |
S = 0.012802307 m
= 12.80230655 mm
Correction for Depth and Rigidity of foundation on total settlement
Depth Factor Calculation
A0Sy o
DB = 17 (LB)~/D 0.82
D = Depth of Foundation
L/B = 267
Depth Factor = 0.74

Total Settlement of Rigid foundation

Rigidity Facts =
ety bactar Total Settlement at the centre of Flexible foundation
= 0.80
Pore Pressure correction = 0.85
Total Settlement = 5;x D.F.x R.F.x Pore Pr. Correction

S 6.4 mm

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

Location Minor Bridge No. 362 |
Chainage 320/25-27
Bore Hole No. 1

Footing Depth (m) 6.00
SBC (/m2) 3.52
Average N value 29
Settlement for 10 t/m2 (mm) 9.30
Total Settlement (mm) 3.27
Depth Correction 0.68
Rigidity Correction 0.8

Corzected Total Settlement
22

(mm)
Total Settlement (mm) 8.7
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No, 361

CHAPTER - 24
"Minor Bridge No. 361",

Location ~ Existing Km. - 317/28-30

CONSULTING
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 361

241 LOCATION OF STRUCTURE:
Proposed Minor Bridge No. 361

242 BOREHOLE DESCRIPTIONS:
(a) Location of Structure, Boreholes with RL of existing GL shown in FIGURE-1.

(b) Subsurface Characteristic of Soil/Rock shown in ANNEXURE-L
(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 >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 Clayey Silt with Gravels Medium Dense
BH-1 3.00 to 4.50 Clayey Silt Medium Dense
4.50 to 7.50 Silty Sand Dense
7.50 t0 10.50 Silty Sand with Gravels Dense
~ 10.50 to 12.00 Silty Sand Dense
243 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH | Carbonate | Chlorides | Sulphate | Nitrate | Salinity
(m) Y% % % %
BH-1 3.00 8.40 0.010 0.0043 NIL 0.013 0.073

244 DIFFERENTIAL FREE SWELL INDEX (DFS)

Bore Hole No. Depth (m) DFS Index in %
3.00 25
G 6.00 NIL
245 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?2)
1.50 12.00
3.00 15.00
BH-
H- 4.50 36.00
6.00 36.00

24.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 361

247 RECOMMENDATIONS

(i) Type of foundation Open foundation
(i) 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—317/28-30 FOR MINOR BRIDGE NO.—361,

ON KESARI TO SANEHWAL, LUDHIANA

RL-264.243
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ANNEXURE -l

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

INPUT DATA
Minor Bridge No 320/25-27 BH-1

Type of footing

1 Continucus Strip

2 Rectangular Rectangular 2

3 Square

4 Circular
Angle of internal friction (¢ °) 14.00
Cohesion (¢ in Ym2) 2.80
Void ratio (e) 0.64
Direction of load with vertical (') 0.00
Density of surcharge  (tYm®) 1.70
Density of foundation soil (Vm°) 1.86
Depth of water table(m) 3.00
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 = c Nes.deic + q (Ng1) 8qdqiq+ (1/2) By N, s, d,i, W'

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

Q4= (23)cNcs.dcic+q
Where,

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

dy=d, = 1for ¢ <10°

(N'-1) SqCyiq *+ (1/2) B ¥ N' s, d, i, W

Ny)

dq=d,=1+0.1 (D/B)*SQRT(N,) for ¢ >10°

N, = tan®(n/4 +/2)
¢' for local shear failure =

OUTPUT

tan” ( 0.67 tan¢ )

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.

{ 2]
s.—b
]
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ANNEXURE - 1l

Bearing capacity factors :

¢ 14.00 o' 9.48
N, 10.45 N'e 8.16
N, 3.65 N 2.38
N, 2.36 N, 1.14
Shape factors :
S.no.  Width{im)  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
Depth factors :
S.no. Depth(m)  Width(m) de d, d
1 1.50 3.00 113 1.06 1.08
2 3.00 3.00 1.26 1.13 1,13
Inclination factors :
- ] g 2 e 2
i = (1-a/ 80) i = (1-a/ 90) i, = (1- ald)
1.00 1.00 1.00
Water table factor :
S.nc.  Depth(m)  Width(m) z,/B W
1 1.50 3.00 0.50 0.75
2 3.00 3.00 0.00 0.50
Safe Bearing Capacity
S.no.  Depth(m)  Width(m)  Length (m) [SBC in (¥m?)
General sheai Local shear Actual
1 1.50 3.00 8.00 15.90 8.21 12.44
2 3.00 3.00 8.00 19.68 10.20 15.42

3147
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ANNEXURE - il

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

INPUT DATA
Minor Bridge No 320/25-27 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Rectangular 2

3 Square

4 Circular
Angle of internal friction (¢ °) 27.50
Cohesion (c in t/m2) 0.00
Void ratio (g) 0.54
Direction of load with vertical () 0.00
Density of surcharge (t/m%) 1.70
Density of foundation soil (tm’) 1.90
Depth of waler 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
Qe = CNeScdeic G (Ng-1) Sqdgiq+ (1/2) By N, s d, i, W

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

Q= (2/8) ¢ N'; 8. deie +  (N'g-1) Sqdgig + (1/2) By N5, 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’(/4 +/2)

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

QUTPUT

The compuler aided results for shear failure criteria are labulated below. The results are
interpelated values of bearing capacity obtained from general and local shear failure
criteria.

ol & ¢ o
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ANNEXURE - il

Bearing capacity factors :

4] 27.50 ¢ 19.23
N. 25.43 N’ 14.24
Nq 14.53 N’y 6.02
N, 16.64 N, 4.97
Shape factors :
S.no.  Width(m)  Length (m) Se 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) de d, 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 :
i = (1-0/ 80) 2 ig = (1-00/ 90) * L= {(1-ul)’
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 (Um?)
General shea[ Local shear | Actual
1 4.50 3.00 8.00 39.22 13.94 39.22
2 €.00 3.00 8.00 41.81 14.86 41.81

g i oy
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ANNEXURE - IV

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

BH No. (A1) Minor Bridge at Ch. 317/28-30
Depth of foundation = 15 m
Length of footing (L) = 80 m
Width of footing (B) = 30 m
Initial effective stress at mid of layer Po = 54 t/ m?
Concentrated load P = 12.00 t/m?
Incerase in pressure at mid of layer AP = Pxlg
Ig= 0.22
AP = 26 t/m’
Compression Index Cg = 0.11
Thickness of clay layer H = 3 m
Initial Void ratio e, = 0.64
Po+A
—P - 148889
Po
Cc Po + AP
Settlement of clay layer S e H log 1 5
Sy = 0.03478 m
= 34.7833 mm

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

D/(LB)AE = 061
D = Depth of Foundation
L/B = 2.67
Depth Factor = 0.91
s i 5 Total Settlement of Rigid foundation
Rigid =
ghelity Fantor Total Settlement at the centre of Flexible foundation
= 038
Pore Pressure correction = 0.85
Total Settlement = Sf x D.F.x R.F.x Pore Pr. Correction
Stz = 215 mm
|Settlement Calculation for Cohesionless soil As per IS 8009 (Part 1)
Footing Depth (m) 1.50
SBC (t/m2) 240
Average N value 37
Settlement for 10 /m2 (mm) 7.00
Total Settlement (mm) 1.68
Depth Correction 0.91
Rigidity Correction 0.8
Corrected Total Seftlement
122
(mm)
Total Settlement (mm) | 4 ~ 22.7
- b V ’ 1
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