Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Minor Bridge No. 376A
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LOCATION OF STRUCTURE:

Proposed Minor Bridge No. 376A at Chainage 345/4-6

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-TV.

(f) Depth of water Table >216.00m below EGL.

Subsurface profile at the site

BOREHOLE Depth Type of Soil/Rock Soil/Rock
No. (m) Characteristics
0.00 to 1.50 Clayey Silt with Sand Loose
BH.1 1.50 to 2.50 Clayey Silt with Sand Medium Dense
2.50 t0 3.00 Sandy Silt Medium Dense
3.00 to 12.00 Silty Sand Medium Dense
CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH |Carbonate (Chlorides| Sulphate | Nitrate | Salinity
(m) U % % %
BH-1 3.00 8.40 NIL 0.0014 NIL 0.0009 0.020
DIFFERENTIAL FREE SWELL INDEX (DES)
Bore Hole No. Depth (m) DFS Index in %
3.00 ' NIL
BH- 9.00 NIL
NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.50 12.00
BH-1 3.00 14.50
4.50 17.00
6.00 19.00
CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.

RECOMMENDATIONS
(i) Type of foundation Open foundation
5 Depth of foundation Below 3.00m from EGL
(i)
below GL
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Geo-technical Investigation Ludhiana-Ambala Section {DFCCIL) Minor Bridge No. 376A

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—345/4—6 FOR MINOR BRIDGE NO.—376,
ON KESARI TO SANEHWAL, LUDHIANA
Depth (m N-Values RL-P62.562
B0 NEPZSN
11
1.50
.20
3.00
4,55
ee
6.00
S.00
12,00 31
LEGEND
SYMBOL DESCRIPTION
T
V//////A SANDY SILT
, i 07| | SILTY sAND
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ANNEXURE - ill

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

Minor Bridge No 345/4-6 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Continuous Strip

3  Square

4 Circular
Angle of internal friction (¢ °) 21.00
Cohesion (c in ¥Ym2) 1.00
Void ratio (e) 0.59
Direction of load with vertical () 0.00
Density of surcharge (t/m®) 1.69
Density of foundation soil (Uma) 1.69
Depth of water table(m) 1.60
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 18:6403-1981 are given below -

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

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

Q= (213) ¢ N'e 8o doic + q (N'g-1) 8dg g + (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 )

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 - Ilf

Bearing capacity factors :

o 21.00 o' 14.42
N, 16.01 N'. 10.68
N, 7.25 Ny 3.77
N, 6.49 N, 2.49
Shape factors :
S.no.  Width(m) Se S, S,
1 1.20 1.00 1.00 1.00
Depth factors :
S.no.  Depth(m) Width(m) dc dy d,
| 1.50 1.20 1.36 1.18 1.18
Inclination factors :
i = (1-a/ 80} * g = (1-00/ 90) % i,=(1-a/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 Capacit:
Sno.  Depth(m)  Width(m) [sBC in (Wm?)
General shea| Local shear Actual
1 1.50 1.20 13.67 5.95 12.04
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Calculation of SBC for shallow foundations as per 1S : 6403 - 1981

INPUT DATA

Type of footing

ANNEXURE - Il

Minor Bridge No 345/4-6 BH-1

1 Continuous Strip

2 Rectangular Continuous Strip

3 Square

4 Circular
Angle of internal friction (¢ °) 27.50
Calesion (¢ in Ym2) 0.00
Void ratio (e) 0.59
Direction of load with vertical () 0.00
Density of surcharge  (t/m®) 1.69
Density of foundation sail (m’) 1.69
Depth of water table(m) 1.50
Factor 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
Q4= C Nesodeic +  (Ng1) sqdgiy + (1/2) B y N, 5.d,i, W

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

= (23) ¢ N'c S dg i +q (N'g1) S dgig + (1/2) B y 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°

. = tan*(r/4 +¢/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.

('1.1
.
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Bearing capacity factors :

ANNEXURE - lil

b 27.50 &' 19.23
Ne 25,43 N, 14.24
N, 14.53 N’ 6.02
Ny 16.64 N', 497
Shape factors :
S.no.  Width(m) Ss 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) de d, 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 2.65 1.82 1.82
Inclination factors :
ip= (1-a/80)? iy = (1-0/ 90) % i, = (1wl ) ?
1.00 1.00 1.00
Water table factor :
S.no.  Depth(im)  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.  Depthim)  Width(m) I@C in (tm?)
General shea| Local shear Actual
1 3.00 1.20 16.89 5.98 14,70
2 4.50 1.20 19.35 6.85 16.85
3 6.00 1.20 21.81 7.72 18.99
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ANNEXURE - IV

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

BH No. (A1) Minor bridge at Ch. 345 (4-6)
Depth of foundation = 15 m
Length of footing (L) = 80 m
Width of footing (B) = 12 m
Initial effective stress at mid of layer Po = 6 ¢m
Concentrated load P = 1200 t/m°
Incerase in pressure at mid of layer AP = Pxlg
Ig= 022
AP = 25 ¢m
Compression Index Cc = 01
Thickness of clay layer H = 1 m
Initial Void ratio e, = 0.6
Po + Ap
1.44
Po
Cc Po + AP
Settlement of clay layer S s H log 19 o |
5; = 0.0099 m
= 9.89766 mm

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

D/(LB)"*° = 048 (LB)"*/D = 2.07
D = Depth of Foundation
L/B =  6.67
Depth Factor = 078
st Total Settlement of Rigid foundation
R =
EikiipEactor Total Settlement at the centre of Flexible foundation
= 0.80
Pore Pressure correction = 0.85
Total Settlement = §;x D.F.x R.F.x Pore Pr. Correction
Sp = 52 mm

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

Footing Depth (m) 1.50
SBC (/m2) 252

Average N value 18.00

Settlement for 10 /m2 (mm) 13.00
Total Settlement (mm) 3.28
Depth Correction 0.68
Rigidity Correction 0.8

Corrected Total Settlement

(mm) 1.8

Engineers Group Ltd.

” :
Total settlement (mm) - 70 2 g? 3 CONSULTING

Page 83 of 513



ANNEXURE - IV

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

Location Minor Bridge No. 376A
Chainage 345/4-6
Bore Hole No. 1
Footing Depth (m) 3.00 Footing Depth (m) 4,50
SBC (t/m2} 14.50 SBC (t/m2) 17.00
Average N value 21.00 Average N value 22.00
Settlement for 10 t/m2 (mm) 14.00 Settlement for 10 /m2 (mm) 13.00
Total Settlement (mm) 20.30 Total Settlement (mm) 2210
Depth Correction 0.83 Depth Correction 0.74
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Seftlement
(mm) 13.5 (mm) 13.1
Footing Depth (m) 6.00
SBC (t/m2) 19.00
Average N value 23.00
Settlement for 10 t/m2 (mm) 12.00
Total Settlement (mm) 22.80
Depth Correction 0.68
Rigidity Correction 08
Corrected Total Settlement 124
(mm)
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 374

CHAPTER - 09
"Minor Bridge No. 374",

Location - Existing Km. - 341/03-05

- ~n 3
. 294; CONSULTING
W o Engineers Group Ltd.
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Geo-technical Investigation Ludhiana~-Ambala Section (DFCCIL) Minor Bridge No. 374

9.1 LOCATION OF STRUCTURE:
Proposed Minor Bridge No. 374 at Chainage 341/3-5
9.2 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 >16.00m 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 Medium Dense
3.00 to 12.00 Silty Sand Medium Dense
9.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH Carbonate Chlorides| Sulphate| Nitrate Salinity
(m) % % % %
BH-1 3.00 8.10 NIL 0.0016 NIL 0.0011 0.022
94 DIFFERENTIAL FREE SWELL INDEX (DES)
Bore Hole No. Depth (m) DFS Index in %
3.00 NIL
B 9.00 NIL
9.5  NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.50 11.00
BH-1 3.00 12.50
4.50 18.00
6.00 20.50
9.6  CONCLUSIONS
e Subsurface Profiles indicates suitable Soil formation for foundations.
9.7 RECOMMENDATIONS
(i) Type of foundation Open foundation
(i) Depth of foundation Below 4.50m from EGL
below GL
CONSULTING
Engineers Group Ltd.
N g fJ _‘f\! T
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 374

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,
furtber 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—341/3—5 FOR MINOR BRIDGE NO.—374,
ON KESARI TO SANEHWAL, LUDHIANA
HERSh En RL-262.190
0.00
1.50 2
3.00 §
3.60
6.00 L
S.00
12.00 c8
LEGEND
DESCRIPTION
” SANDY SILT WITH
T - 2 g 8 2 SANDY SILT
) SILTY SAND

CONSULTING
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ANNEXURE - il

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

INPUT DATA
Minor Bridge No 341/3-5 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Continuous Strip 1

3 Square

4 Circular
Angle of internal friction (¢ ) 26.50

* Cehesion {(c in t/m2) 0.00
Void ratio (e) 0.60
Direction of load with vertical ¢) 0.00
Density of surcharge  (Ym®) 1.70
Density of foundation soil (V/m®) 1.74
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 15:6403-1981 are given below -

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

The ultimate net bearing capacity i
Qy=(213)c N s.di. +q
Where,
d. = 1+ 0.2 (D¢/B)*SQRT(
d,=d,=1for ¢ <10°

n case of local shear failure is given by
(N'g-1) sqdgiy + (1/2) By N\ s, d, i, W

Ng)

d,=d, =1+ 0.1 (DyB)*SQRT(N,) for 6 >10°

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

QUTPUT

tan” ( 0.67 tan¢ )

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

criteria,

1
o0
(4w
[ arcer ]
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Bearing capacity factors :

ANNEXURE - lll

0 26.50 ¢ 18.47
N, 23.66 N, 13.65
N, 12.98 N', 5.65
N, 14.34 N 455
Shape factors :
S.no.  Width(m) S, 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 dg d,
1 1.60 1.20 1.40 1.20 1.20
2 3.00 1.20 1.81 1.40 1.40
Inclination factors :
o 2 - F] g o 2
ie = (1-a/ 90) iq = (1-0t/ 90) i, =(1- o/ ¢)
1.00 1.00 1.00
Water table factor :
S.no.  Depth{m) Width(m) Z,/B W
1 1.60 1.20 0.00 0.50
2 3.00 1.20 -1.25 0.50
Safe Bearing Capacity
S.no. Depth(m)  Width(m) [SBC in (¢¥m?)
- General shea] Local shear ] Actual
1 1.50 1.20 12.79 4.75 10.78
2 3.00 1.20 14.94 5.55 12.59
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ANNEXURE - Iif

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

INPUT DATA
Minor Bridge No 341/3-5 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Continuous Strip 1

3 Square

4  Clrcular
Angle of internal friction (¢ ©) 28.00
Cchesion (c in Ym2) 0.00
Void ratio (e) 0.59
Direction of load with vertical () 0.00
Density of surcharge (/m°) 1.70
Density of foundation soil (/) 1.79
Depth of water 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 15:6403-1981 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
Q4= CN.Sodgi; + g (Ng-1) Sq0giq + (1/2) B y N, 8,d, i, W'
The ultimate net bearing capacity in case of local shear failure is given by
4= (28) cN'.scdeic + q (N'g1) 8 dqiq + (1/2) By N8, 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®(/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.

i
)
e
[ ey ]
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ANNEXURE - Il

Bearing capacity factors :

b 28.00 ¢’ 19.61
N 26.37 N' 14.53
N, 15.30 N'g 6.21
N, 17.79 N, 518
Shape factors :
S.no.  Width(m) S 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) dc d, 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 :
o= (1-0./90) 2 iq = (1-0./ §0) 2 L= (1-al/)?
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 Capacity
S.no.  Depth(m) Width(m) |SBC in (tm?)
General shea{ Local shear Actual
1 4.50 1.20 20.97 7.26 18.23
2 6.00 1.20 23.66 8.18 20.56

: 2 ECDNSULTING
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ANNEXURE - IV

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

Location Minor Bridge No. 374
Chainage 341/3-5
Footing Depth (m) 1.50 Footing Depth (m) 3.00
SBC (t/m2) 11.00 SBC {t/m2) 12.50
Average N value 15.00 Average N value 17.50
Settlement for 10 /m2 (mm) 20.00 Settlement for 10 t/m2 (mm) 17.00
Total Settlement (mm) 22.00 Total Settlement (mm) 21.25
Depth Correction 0.91 Depth Correction 0.83
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
(mm) 16.0 i} 14.1
Footing Depth (m) 4.50 Footing Depth (m) 6.00
SBC (Ym2) 18.00 SBC (t/m2) 20.50
Average N value 18.74 Average N value 19.63
Settlement for 10 t/m2 (mm) 16.00 Settlement for 10 t/m2 (mm) 15.50
Total Settlement (mm) 28.80 Total Settlement (mm) 31.78
Depth Correction 0.74 Depth Correction 0.68
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement 170 Corrected Total Settlement 173
{mm) (mm)

"
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 372

CHAPTER -10
"Minor Bridge No. 372",

Location - Existing Km. - 340/07-09
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Minor Bridge No, 372

10.1 LOCATION OF STRUCTURE:
Proposed Minor Bridge of Span 1x3.05
10.2 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-TV,
(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
BH-1 (.00 to 1.50 Sandy Silt with Clay Loose
1.50 to 12.00 Silty Sand Medium Dense
10.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH |Carbonate |Chlorides| Sulphate| Nitrate | Salinity
(m) % % % %
BHL1 3.00 8.70 0.005 0.0014 NIL 0.0011 0.026
9.00 8.60 0.002 0.0021 NIL 0.0012 0.037
104 DIFFERENTIAL FREE SWELL INDEX (DFS)
Bore Hole No. Depth (m) DFS Index in %
3.00 NIL
e 9.00 NIL
105 NET ALLOWABLE BEARING PRESSURE .
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure ({/m2)
1.50 12.50
3.00 17.00
BH-1
- 4.50 19.00
6.00 20.50
10.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.

10.7 RECOMMENDATIONS

Open foundation

(1) Type of foundation
- Depth of foundation
(ii) below GL Below 3.00 m from EGL
) 29%3 ONSULTING
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 372

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—340/7—-9 FOR MINOR BRIDGE NO.—372,

ON KESARI TO SANEHWAL, LUDHIANA

Depth (m> N-Values RL-258.862
0.00 TR = 7N
1.50 2
3.00 —
6.00 )
S.00
12.00 30
LEGEND

SYMBOL DESCRIPTION

SANDY SILT WITH
CLAY

SILTY SAND

o3
(& 4]
€5
o
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ANNEXURE - il

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

INPUT DATA
Minor Bridge No 340/7-9 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Rectangular 2

3  Square

4 Circular
Angle of internal friction (¢ °) 27.50
Cohesion (¢ in ¥m2) 0.00
Void ratio (e) 0.62
Direction of load with vertical () 0.00
Density of surcharge (tm®) 1.70
Density of foundation soil (Vm’) 1.72
Depth of water table{m) 1.50
Factor of safety 3.00

S.noc. Actual Depth  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
Qs = C NeScdeic +q (Ng1) 840qiq + (1/2) B Y N, s, d, i, W'

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

qa=(2/3)c N'iscdiic + q (N'g-1) 84dgiq + (1/2) B y N s, d, i W
Where,

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

dq=d, = 1 for ¢ <10°

dy=d, =1+0.1(D/B)*SQRT(N,) for ¢ >10°

N, = tan’(r/4 +4/2)

&' 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.

CONSULTING
Engineers Group Ltd.

Page 102 of 513



ANNEXURE - lll

Bearing capacity factors :

0 27.50 ¢ 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)  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 1.16 1.08 1.08
2 3.00 3.00 1.33 1.16 1.16
3 4.50 3.00 1.49 1.25 1.25
4 6.00 3.00 1.66 1.33 1.33
Inclination factors :
io= (1-a/90)? ig = (1-a./90) ? i,=(1-aig)’
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 (Vm?)
General sheal Local shear Actual
1 1.50 3.00 8.00 19.96 6.93 15.40
2 3.00 3.00 8.00 35.88 12.80 27.81
3 4,50 3.00 8.00 38.42 33,71 29.77
4 6.00 3.00 8.00 40.96 14.61 31.74
o DNSULTING
Loyt " ginesrs Group Lid.
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ANNEXURE - IV

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

Location Minor Bridge No. 372
Chainage 340/7-9
Bore Hole No. 1
Footing Depth (m) 1.50 Footing Depth (m) 3.00
SBC (Ym2) 12.50 SBC (t/m2) 17.00
Average N value 13.30 Average N value 15.87
Settlement for 10 /m2 (mm) 22.00 Settlement for 10 /m2 (mm) 20.00
Total Settlement (mm) 27.50 Total Settlement (mm) 34.00
Depth Correction - 0.91 Depth Correction 0.83
Rigidity Correction 08 Rigidity Correction 08
Corrected Total Settlement Corrected Total Settlement
20.0 226
(mm) (mm)
Footing Depth (m) 4.50 Footing Depth (m) 6.00
SBC (t/m2) 19.00 SBC (i/m2) 20.50
Average N value 17.46 Average N value 18.96
Settlement for 10 m2 (mm) 18.00 Settlement for 10 t/m2 (mm) 16.00
Total Settlement (mm) 34.20 Total Settlement (mm) 32.80
Depth Correction 0.74 Depth Correction 0.68
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement 202 Corrected Total Settlement 178
(mm) (mm)
CONSULTING
@ Englineers Group Ltd.
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 371

CHAPTER -11
"Minor Bridge No. 371",

Location - Existing Km. - 338/03-05

] CONSULTING
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 371

11.1 LOCATION OF STRUCTURE:
Proposed Minor Bridge of Span 1x3.05

11.2 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 217.00m below EGL.

Subsurface profile at the site

BOREHOLE Depth Type of Soil/Rock Soil/Rock
No. (m) Characteristics
BH-1 0.00 to 1.50 Sandy Silt Loose
1.50 to 12.00 Silty Sand Medium Dense
11.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH |Carbonate |Chlorides| Sulphate| Nitrate | Salinity
(m) % % % %
BH-1 3.00 8.60 0.002 0.0021 NIL 0.0013 0.040
114 DIFFERENTIAL FREE SWELL INDEX (DFS)
Bore Hole No. Depth (m) DFS Index in %
BH-1 3.00 NIL

11.5 NET ALLOWABLE BEARING PRESSURE

Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.50 13.00
BH.1 3.00 20.00
4.50 23.00
6.00 25.00

11.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.

11.7 RECOMMENDATIONS

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

CONSULTING
Engineers Group Ltd.
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 371

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
reportzd 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
Engineers Group Ltd.
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ANNEXURE-I

Consulting Engineers Group Ltd., Jaipur Geotechnical Report
BORELOG OF BH—1(LHS) AT EXISTING KM—338/3—5 FOR MINOR BRIDGE NO.—371,
ON KESARI TO SANEHWAL, LUDHIANA
Depth (m> N-Values RL-260.302
2t - NRZ
7
1,50
3.00
4.45
23
6.00
33
9.00
12.00 36
LEGEND
SYMBOL DESCRIPTION
F SANDY SILT
: -] | surr sawp
YT TR
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ANNEXURE - 1l

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

INPUT DATA :
Minor Bridge No 338/3-5 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Rectangular 2

3 Square

4  Circular
Angle of internal friction (¢ °) 27.00
Cohesion {(cin Ym2) - 0.00
Void ratio (e) 0.66
Direction of load with vertical () 0.00
Density of surcharge (tm°) 1.68
Density of foundation soil (t/m?) 1.68
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 |S:6403-1981 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
Q3= ¢ Noscdeic + G (Ng-1) 8pdqiq + (1/2) By N,s,d, i W

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

Qg = (2/3) c N'cs. dele + q (N'g-1) 8qdgiq + (1/2) By N', s, d, i, W'
Where,

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

d,=d,=1for ¢ <10°

dy=4d,=1+0.1(D/B)*SQRT(N,) for ¢ >10°

N, = tan’(w/4 +4/2)

¢' for local shear failure = tan™ ( 0.67 tan¢ }

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

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

CONSULTING
Engineers Group Ltd.
rrn

g J\ %

~ 3 U & "2 Page 111 of 513



ANNEXURE - Il

Bearing capacity factors :

6 .27.00 o 18.85
N, 24,49 N, 13.94
N, 13.76 N, 5.83
N, 16.49 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 dy 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 1.48 1.24 1.24
4 6.00 3.00 1.65 1.33 1.33
Inclination factors :
o= (1-a/ 90) iq= (1-a./ 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 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 (ym?)
General sheal Local shear Actual
1 1.50 3.00 8.00 18.44 6.56 11.80
2 3.00 3.00 8.00 33.23 1213 21.62
3 450 3.00 8.00 35.56 12.98 23.14
4 6.00 3.00 8.00 37.89 13.83 24,66

3008
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ANNEXURE - IV

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

CONSULTING
Englneers Group

Location Minor Bridge No. 371
Chainage 338/3-5
Bore Hole No. 1
Footing Depth (in) 1.50 Footing Depth (m) 3.00
SBC (t/m2) 12.00 SBC (/m2) 20.00
Average N value 14.48 Average N value 18.74
Settlement for 10 /m2 (mm) 21.00 Settlement for 10 t/m2 (mm) 16.00
Total Settlement (mm) 2520 ~ Total Settlement (mm) 32,00
Depth Correction 0.91 Depth Correction 0.83
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
18.3 21.2
{(mm) (mm)
Footing Depth (m) 4,50 Footing Depth (m) 6.00
SBC (f/m2) 23,00 SBC (i/m2) 25.00
Average N value 2247 Average N value 25.69
Settlement for 10 m2 (mm) 14.00 Settlement for 10 /m2 (mm) 11.50
Total Settlement (mm) 32.20 Total Settlement (mm) 28.75
Depth Correction 0.74 Depth Correction 0.68
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
19.1 15.6
(mm) (mm)
Lo =
> HE RN 9 ek
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 370

CHAPTER -12
"Minor Bridge No. 370",

Location - Existing Km. - 336/20-22
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Minor Bridge No. 370

121 LOCATION OF STRUCTURE:
Proposed Minor Bridge of Span 1x3.05
12,2 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-L
(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 2.10m 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 6.00 Silty Sand with Gravels Medium Dense
6.00 to 12.00 Silty Sand Medium Dense
123 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH |Carbonate |Chlorides| Sulphate| Nitrate | Salinity
(m) % % % Y%
BH-1 3.00 9.00 0.017 0.0018 NIL 0.0011 0.025
124  DIFFERENTIAL FREE SWELL INDEX (DEFS)
Bore Hole No. Depth (m) DFS Index in %
3.00 NIL
B 9.00 NIL
125 CHEMICAL ANALYSIS OF ENCOUNTERED WATER FROM BORE HOLE
pH |Chloride|Sulphate|Organic|Inorganic| Acidity [Alkalinity| Total |Conductivity
Chemical | Value s mg/lit | Matter | Matter (ml) (ml) Disso. {pS/cm)
Properties mg/lit mg/lit | mg/lit Solids
(ppm)

Test Result| 7.3 85 95 163 796 3.0 989 632
Permissibl| Not | 2000 400 200 3000 5mlof | 25 ml of - -
elimitas | less | for CC 0.02 0.02

perIS456/| then | and normal | normal

Morth 6.0 | 500 for NaoH H,504
RCC
nuii G CONSULTING
a Engineers Group Ltd.
’ L8] (o S g
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 370
126 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.50 7.50
3.00 16.00
BH-1

4.50 19.00
6.00 21.00

12.7 CONCLUSIONS

purpose.

12.8 RECOMMENDATIONS

Subsurface Profiles indicates suitable Soil formation for foundations.

Chemical contents of Water are within the safe limits for construction

() Type of foundation Open foundation
(i) Depth of foundation Below 3.00 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.
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ANNEXURE-II

Consulting Engineers Group Ltd., Jaipur Geotechnical Report

BORELOG OF BH—1(LHS) AT EXISTING KM—336/20—22 FOR MINOR BRIDGE NO.—370,

ON KESARI TO SANEHWAL, LUDHIANA

Depth (m N-Values RL-P62.054

0.0 il W

150 — rer—

3.00 uns

6.00 19

9.00 — UDS

12.00 4P

LEGEND

SYMBOL DESCRIPTION
%I//% SANDY SILT

o

SILTY SAND

Wygvyy
Yvvyv

SILTY SAND WITH
GRAVELS
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ANNEXURE - Ill

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

Minor Bridge No 336/20 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 Ym2) 0.00
Void ratio (e) 0.60
Direction of load with vertical () 0.00
Density of surcharge (t/m®) 1.70
Density of foundation soil (tm®) 1.74
Depth of water table(m) 1.50
Factor of safety 3.00

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

1 1.60 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 = € NoSc i + g (Ng-1) 8,005+ (1/2) B YN, 5,d,i, W

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

gy = (218) c N'es deie + g (N'g-1) s4dgi + (1/2) By N, s,d, i W'
Where,

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

dy=d, =1 for ¢ <10°

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

N, = tan’(n/d +$/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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ANNEXURE - llf

Bearing capacity factors :

b 27.50 & 19.23
N, 2543 N’ 14.24
N, 14.53 N’ 6.02
N, 16.64 N, 4,97

Shape factors :

S.no.  Width(m)  Length (m) . Se Sy . 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 dy 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 1.25 1.25
4 6.00 3.00 : 1.66 1.33 1.33

Inclination factors :

o 2 s 2 v 2
i = (1-/ 90) ig = (1-a/ ©0) i, = (1- alf)
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 shea| Local shear Actual
1 1.50 3.00 8.00 20.04 6.95 18.77
2 3.00 3.00 8.00 35.97 12.83 30.18
3 4.50 3.00 8.00 38.51 13.73 32.32
4 6.00 3.00 8.00 41.06 14.64 34.45

3017
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' ANNEXURE - IV

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

Location Minor Bridge No. 370 |
Chainage 336/20-22
Bore Hole No. 1
Footing Depth (m) 1.50 Footing Depth (m) 3.00
SBC (/m2) 7.50 SBC (t/m2) 16.00
Average N value 9.55 Average N value 14.51
Settlement for 10 ¢/m2 (mm) 37.00 Settlement for 10 t/m2 (mm) 21.00
Total Settlement (mm) 27.75 Total Settlement (mm) 33.60
Depth Correction 0.91 Depth Correction 0.83
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement 202 Corrected Total Settlement 223
(mm) (mm)
Footing Depth (m) 4.50 Footing Depth (m) 6.00
SBC (t/m2) 19.00 SBC (/m2) 21.00
Average N value 17.10 Average N value 19.20
Settlement for 10 /m2 (mm) 18.00 Settlement for 10 /m2 (mm) 16.00
Total Settlement (mm) 34.20 Total Settlement (mm) 33.60
Depth Correction ‘ 0.74 Depth Correction 0.68
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement 202 Corrected Total Settlement 183
(mm) (mm)
R [ et i
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Geo-technical Investigation Ludhjana-Ambala Section (DFCCIL) Minor Bridge No. 369A

CHAPTER ~13
"Minor Bridge No. 369A",

Location - Existing Km. - 335/23-25
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Minor Bridge No. 369A

131 LOCATION OF STRUCTURE:
Proposed Minor Bridge of Span 1x 6.10
13.2 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 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
1.50 to 3.00 Sandy Silt with Clay & Gravels Medium Dense
BHL1 3.00 to 6.00 Silty Sand Medium Dense
6.00 to 9.00 Silty Sand Dense
9.00 to 12.00 Silty Sand with Gravels Dense
Below 12.00 Silty Sand Dense
13.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH |Carbonate |Chlorides| Sulphate| Nitrate | Salinity
(m) % % Y% %
BH-1 3.00 8.60 0.007 0.0014 NIL 0.0010 0.022
9.00 8.30 NIL 0.0011 NIL 0.0009 0.012
13.4  DIFFERENTIAL FREE SWELL INDEX (DFS)
Bore Hole No. Depth (m) DFS Index in %
3.00 NIL
ik 9.00 NIL
13.5 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m2)
1.50 10.00
3.00 27.00
BH-1
4.50 28.00
6.00 30.00
13.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.

30%0
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 369A

13.7 RECOMMENDATIONS

(i) Type of foundation Open foundation
- Depth of foundation
(ii) below CL 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, th» 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

262,366
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ANNEXURE-II
N-Values

Consulting Engineers Group Ltd., Jaipur
ON KESARI TO SANEHWAL, LUDHIANA

BORELOG OF BH—1(LHS) AT EXISTING KM—335/23—25 FOR MINOR BRIDGE NO.—369A,
Depth (m>
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ANNEXURE - Il

Calculation of SBC for shallow foundations as per 1S : 6403 - 1981

INPUT DATA
Minor Bridge No 335/23-25 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Rectangular 2

3  Square '

4 Circular
Angle of internal friction (¢ °) 22.00
Cohesion (c in Ym2) 0.80
Void ratio (e) 0.67
Direction of load with vertical () 0.00
Density of surcharge (t/m®) 1.70
Density of foundation soil (t/m”) 1.75
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

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
Qa = € NeScdele + g (Ng1) 8qdgiq+ (1/2) B y N, s, d, i W'

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

q'q = (28) c N'e s deic + q (N'g-1) 5qdgig + (1/2) B y N' s, d,i, W
Where,

d. = 1+ 0.2 (D¢/B)*SQRT(N,)

d,=d, = 1for $<10°

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

N, = lan®(/4 +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.
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Bearing capacity factors :

ANNEXURE - Ilf

¢ 22.00 ¢ 15.15
N, 17.19 N’y 11.09
Ng 8.10 N’y 4.01
N, 7.5% N, 273
Shape factors :
S.no.  Width(m)  Length {m) S Sy =
1 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
Inclination factors :
i = (1-u/90)? iq = (1-0./ 90) ? L= (1-oaf/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
Safe Bearing Capacity
Sno. Depth(m)  Width(m) Length (m) [SBC in (¥m?)
General shea| Local shear \ Actual
1 1.50 3.00 8.00 15.66 6.48 10.15
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ANNEXURE - Il

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

INPUT DATA
Minor Bridge No 335/23-25 BH-1

Type of footing

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) 0.58
Direction of load with vertical ) 0.00
Density of surcharge (tm°) 1.70
Density of foundation scil (¥m’) 1.75
Depth of water table(m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m) Length (m)
1 3.00 3.00 8.00
4.50 3.00 8.00
3 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
Qg = € Nesedeic +q (Ng-1) sqdgiq + (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' s, dop +  (N'g1) 80qiq + (1/2) By Ny s, d, i, W
Where,

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

dy=d,=1for $<10°

dy=d, =1+0,1(DJBYSQRT(N,) for ¢ >10°

N, = tan’(n/d +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
criteria.
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Bearing capacity factors :

ANNEXURE - lll

[ 26.00 @' 18.10
N¢ 22.60 N’ 13.36
N, 12.21 N, 5.46
N, 13.18 N, 435
Shape factors :
S.ne.  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
3 3.00 8.00 1.08 1.08 0.85
Depth factors :
S.no.  Depth(m) Width(m) dc dyg d;
1 3.00 3.00 1.32 1.16 1.16
2 4.50 3.00 1.48 1.24 1.24
3 6.00 3.00 1.64 1.32 1.32
Inclination factors :
T 2 oo 2 b o 2
i.= (1-0t/ 90) iy = (1-c./ 90) i, = (1- /)
1.00 1.00 1.00
Water table factor :
S.no. Depth(m)  Width{m) Z,/B w
1 3.00 3.00 -0.50 0.50
2 4,50 3.00 -1.00 0.50
3 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 I Actual
1 3.00 3.00 8.00 29.45 11.34 26.73
2 4.50 3.00 8.00 31.48 1212 28.58
3 6.00 3.00 8.00 33.51 12.90 30.42
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ANNEXURE - IV

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

Location Minor Bridge No. 369A
Chainage 335/23-25
Bore Hole No. 1
Footing Depth (m) 1.50 Footing Depth (m) 3.00
SBC (t/m2) 10.00 SBC (m2) 27.00
Average N value 16.98 Average N value 24.84
Settlement for 10 t/m2 (mm) 18.00 Settlement for 10 #/m2 (mm) 13.20
Total Settlement (mm) 18.00 Total Settlement (mm) 35.64
Depth Correction 091 Depth Correction 0.83
Rigidity Correction 0.8 Rigidity Correction 08
Corrected Total Settlement Corrected Total Settlement
13.1 23.7
(mm) (mm)
Footing Depth (m) 4.50 Footing Depth (m) 6.00
SBC (t/m2) 28.00 SBC (m2) 30.00
Average N value 3112 Average N value 34.07
Settlement for 10 ¢/m2 (mm) 8.70 Settlement for 10 /m2 (mm) 7.80
Total Settlement (mm) 2436 Total Settlement (mm) 23.40
Depth Correction 0.74 Depth Correction 0.68
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
: 14.4 12.7
(mm) (mm)
M CONSULTING
_ P n-‘q; E Engineers Group Ltd:
z U S I L) L
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 369A1

CHAPTER - 14
"Minor Bridge No. 369A1",

Location - Existing Km. - 334/16-18
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Geo-technical Investigation

Ludhiana~Ambala Section (DFCCIL)

Minor Bridge No. 369A1

141 LOCATION OF STRUCTURE:
Proposed Minor Bridge of Span 1x1.2x1.2
14.2 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-III
(e) Calculations of Probable Settlement in ANNEXURE-IV.
(f) Depth of water Table 219.00m below EGL.
Subsurface profile at the site
BOREHOLE Depth Type of Soil/Rock Soil/Rock
No. (m) Characteristics
0.00 to 1.50 Clayey S5ilt with Sand Loose
1.50 to 3.00 Clayey Silt with Sand Medium Dense
BH-1 3.00 t0 9.00 Silty Sand Medium Dense
9.00 to 12.00 Silty Sand with Gravels Medium Dense
Below 12.00 Silty Sand Medium Dense
14.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH |Carbonate |Chlorides| Sulphate| Nitrate | Salinity
(m) % % % %
BH-1 3.00 8.70 0.010 0.0014 NIL 0.0010 0.026
144 DIFFERENTIAL FREE SWELL INDEX (DES)
Bore Hole No. Depth (m) DFS Index in %
3.00 NIL
BH-1 9.00 NIL
14.5 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.50 8.50
BH-1 3.00 20.00
4.50 23.00
6.00 25.50
14.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.

- 3034
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Minor Bridge No. 369A1

147 RECOMMENDATIONS

(i) Type of foundation Open foundation
s 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 tpe 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—334/16—18 FOR MINOR BRIDGE NO.—369 A,
ON KESARI TO SANEHWAL, LUDHIANA
Depth (m> N-Values RL-262.910
- - NEEZ)\
- 1
1.50 o—11
3.00 UDS
: 24
6.00 — 24
9.00 ubDs
12,00 39
LEGEND
SYMBOL DESCRIPTION

CLAYEY SILT WITH
SAND
SILTY SAND
SILTY SAND WITH

BRI B GRAVELS

o b ot R

e ’ T CONSULTING
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ANNEXURE - lif

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

INPUT DATA
Minor Bridge No 334/16-18 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Continuous Strip 1

3 Square

4 Circular
Angle of internal friction (¢ °) 22.00
Cohesion (cin Ym2) 0.13
Void ratio (e) 0.55
Direction of load with vertical () 0.00
Density of surcharge (tm°) 1.70
Density of foundation soil (¥m®) 2.07
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 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

qg=¢C Ncscdcic +q (Nq'1) Sqdqiq+ (1'[2) B ¥ N

s, d 1, W

The ultimate net bearing capacity in case of local shear failure is given by
g = (2/3) c N'gscdeic + q (N'g1) sqdgiq + (1/2) B y N, 5, d, i, W

Where,

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

d, = d, = 1for ¢ <10°
g =~ Uy

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

N, = tan’(n/d +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.

[
L]
A A

o
e

[ CONSULTING
| Engineers Group Ltd.
o 7

Page 140 of 513



Bearing capacity factors :

ANNEXURE - lll

[ 22.00 o' 15.15
N 17.19 N'. 11.09
Ny 8.10 N'q 4.01
N, 7.59 N, 2.73
Shape factors :

S.no.  Width(m) S, Sy S,

1 1.20 1.00 1.00 1.00

Depth factors :
S.no.  Depth(m) Width{m) de dg d,
1 1.50 1.20 1.37 1.19 1.19
Inclination factors :
e 2 = 2 e 2
i.= (1-0./90) iy = (1-./ 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 1.20 0.00 0.50
Safe Bearing Capacity
S.no.  Depth(m) Width(m) ‘SBC in (¥m?)
General sheaf Local shear Actual
8.61 3.54 B.61

1 1.50 1.20

37
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Calculation of SBC for shallow foundations as per IS : 6403 - 1981

INPUT DATA

Type of footing

ANNEXURE - Il

Minor Bridge No 334/16-18

1 Continuous Strip
2 Rectangular Continuous Strip
3 Square
4 Circular
Angle of internal friction (¢ °) 28.50
Cohesion (c in tm2) 0.00
Void ratio (e) 0.41
Direction of load with vertical ) 0.00
Density of surcharge (¢m°) 1.70
Density of foundation soil (t,fma) 207
Depth of water table(m) 1.50
Factor of safety 3.00
S.no. Depth (m) Width {m)
3.00 1.20
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
Qg =CNcsScdeic + g (Ng-1) 5qdqig+ (1/2) By N, s,d, i, W

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

Gq=(2/3) ¢ N'; 8. A, i + g (N'g1) Sqdqiq + (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(DJB*SQRT(N,) for ¢ >10°

N, = tan’(n/4 +¢/2)

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

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

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

 CONSULTING
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Bearing capacity factors :

ANNEXURE - Il

b 28.50 Iy 19.99
Ne¢ 27.31 N'; 14.82
Ng 16.08 N’y 6.40
N, 18.94 N, 5,38
Shape factors :
S.no.  Width(m} S. Sq 3,
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) de dy d
1 3.00 1.20 1.84 1.42 1.42
2 4.50 1.20 2.26 1.63 1.63
3 6.00 1.20 2.68 1.84 1.84
Inclination factors :
= (1-a/90) i, =(1-alg)’
1.00 1.00
Water table factor :
S.no.  Depth(m)  Width{m) Z,/B W
1 3.00 1.20 -1.26 0.50
2 4,50 1.20 -2,50 0.50
3 6.00 1.20 -3.75 0.50
Safe Bearing Capacit
Sno.  Depth(m)  Width(m) [sBC in (vm?)
General shea| Local shear | Actual
1 3.00 1.20 20.13 6.79 2013
2 4.50 1.20 23.11 7.80 2311
3 6.00 1.20 26.09 8.80 26.09

13039
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ANNEXURE -1V

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

BH No. (A1) Minor Bridge at Ch. 334 (16-18)
Depth of foundation = 1.5 m
Length of footing (L) = 80 m
Widh of footing, (B) = 30 m
Initial effective stress at mid of layer Po = 7.5 t/ m?
Concentratea load P = 850 tf m?
Incerase in pressure at mid of layer AP = Pxly
Ig= 0.22
AP = 19 ¢y’
Compression Index Ce = 0.04
Thickness of clay layer H = 15 m
Initial Void ratio e, = 0.41
Po+
OrCP 12493333
Po
Cc Po + AP
Settlement of clay layer S e logo —5-—
5 = 0004114 m
= 41139714 mm

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

D/LB)A = 031 (LBP™/D = 3.27)

D = Depth of Foundation

L/B = 2.67
Depth Factor = 091

S _ Total Settlement of Rigid foundation
Bigidiy Restor 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 = 25 mm

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

Footing Depth (m) 1.50
SBC (/m2) 8.50

Average N value 17.00

Settlement for 10 ¢/m2 (mm) 18.00

Total Settlement (mm) 15.30
Depth Correction 0.91
Rigidity Correction 0.8

Corrected Total Settlement
(i) 111
Total settlement (mm) 13.7 @ e el Ne
(3
(v 3
- . 3 L E'i‘ X
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ANNEXURE - IV

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

Location Minor Bridge No. 369A
Chainage 334/16-18
Bore Hole No. 1
Footing Depth (m) 3.00 Footing Depth (m) 4,50
SBC (t/m2) 20.00 SBC (t/m2) 23.00
Average N value 20.00 Average N value 21.95
Settlement for 10 /m2 (mm) 15.00 Settlement for 10 {/m2 (mm) 13.80
Total Settlement (mm) 30.00 Total Settlement (mm) 31.74
Depth Correction 0.83 Depth Correction 0.74
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
() 19.9 i) 18.8
Footing Depth (m) 6.00
SBC (t/m2) 25.50
Average N value 23.56
Settlement for 10 t/m2 (mm) 13.00
Total Settlement (mm) ‘ 33.15
Depth Correction 0.68
Rigidity Correction 0.8
Corrected Total Settlement 18.0
(mm)
CONSULTI
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 369

CHAPTER ~15
"Minor Bridge No. 369",

Location - Existing Km. - 333/15-17

CONSULTING
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Minor Bridge No. 369

151 LOCATION OF STRUCTURE:
Proposed Minor Bridge No. 369 at Chainage 333/15-17
15.2 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-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 Clayey Silt with Sand Loose
1.50 to 2.10 Clayey Silt with Sand Medium Dense
BH-1 2.10 to 6.00 Sandy Silt Medium Dense
6.00 t0 12.00 Silty Sand Medium Dense
Below 12.00 Silty Sand with Gravels Medium Dense
15.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH [Carbonate Chlorides| Sulphate| Nitrate Salinity
(m) % % %
BH-1 3.00 8.60 0.0015 | 0.0014 NIL 0.0021 0.023
154 DIFFERENTIAL FREE SWELL INDEX (DFS)
Bore Hole No. Depth (m) DFS Index in %
3.00 NIL
s 9.00 NIL
15,5 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.50 7.50
BH-1 3.00 16.00
450 18.50
6.00 21.00
15.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.

&l
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Geo-technical Investigation Ludhiana~-Ambala Section (DFCCIL) Minor Bridge No. 369

15.7 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
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

deciced 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—333/15—17 FOR MINOR BRIDGE NO.—-369,

ON KESARI TO SANEHWAL, LUDHIANA

Depth (m) N-Values RL-262.853
0.00 = : -
= 13
1.50 =
2.10 -
3.00 UDsS
6.00 YA e 24 =
9.00 o #— UDS
e c8
12.00 S evv e wem] — CO
BAAACACAS 58D
PR vy nv v vy
:vv'é?v?vv' ?vY;v SYMBOL DESCRIPTION
vv‘zvivv'vv' CLAYEY SILT WITH
SAND
]|
v T SILTY SAND
B ?e”-v?;?vfg"? SILTY SAND WITH
e N4 —
7 B~ B S

CONSULTING
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ANNEXURE - il

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

INPUT DATA
Minor Bridge No 333/15-17 BH-1

Type of footing

1 Continuous Strip

2 Rectangular Continuous Strip 1

3 Square

4 Circular
Angle of internal friction (¢ °) 21.00
Cohesion (c in t/m2) 0.13
Void ratio (e) 0.55
Direction of load with vertical () 0.00
Density of surcharge (m°) 1.70
Density of foundalicn soil (t.'ma) 1.89
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 15:6403-1981 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
Q= 6 NoScdeic + q (Ng1) 8,040 + (1/2) B ¥ N, 5, i, W'

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

0'¢= (2/3) c N'c s O, + q (N'g1) 8¢y + (1/2) By N', 5, d, i, W
Where,

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/4 +0/2)

o' 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.
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ANNEXURE - Il

Bearing capacity factors :

Iy 21.00 & 14.42
N, 16.01 N', 10.68
N, 7.25 N 3.77
N, 6.49 N, 2.49
Shape factors :
S.no.  Width(m) S. s, s,
1 1.20 1.00 1.00 1.00
Depth factors :
Sno.  Depthim)  Width(m) de dy d,
1 1.50 1.20 1.36 1.18 118
Inclination factors :
e 2 _ 2 o 2
i = (1-0/90) i = (1-a/ 90) i, = (1- ol §)
1.00 1.00 1.00
Water table factor :
S.no.  Depthim)  Width(m) Z,/B w
1 1.50 1.20 0.00 0.50
Safe Bearing Capacity
Sno. Depthim)  Width(m) [SBC in (tm?)
General shea| Local shear Actual
1 1.50 1.20 7.42 3.20 7.42

Py
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ANNEXURE - llI

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

INPUT DATA

Type of footing

Minor Bridge No 333/15-17

BH-1

1 Continuous Strip

2 Rectangular Continuous Strip

3  Square

4 Circular
Angle of internal friction (¢ ©) 27.00
Cohesion (c in t/m2) 0.00
Void ratio (e) 0.48
Direction of load with vertical {) 0.00
Density of surcharge (Vm®) 1.70
Density of foundation soil (Um®) 1.89
Depth of water table(m) 1.60
Factor 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 ultimale net bearing capacity in case of general shear failure is given by
Q=€ NeScdeic + g (Ng1) 540,05+ (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) CN'cs; doic + q (N'q-1) Sqdgig + (1/2) By N' s, d, i, W
Where,

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

(R
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ANNEXURE - Ilf

Bearing capacity factors :

& 27.00 o' 18.85
Ne 24.49 N's 13.94
N, 1378 N 5.83
N, 15.49 N’ 4.76
Shape factors :
S.no.  Width(m) Se Sy 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) de d, d,
1 3.00 1.20 1.82 1.41 1.41
2 4.50 1.20 2.22 1.61 1.61
3 6.00 1.20 2.63 1.82 1.82
Inclination factors :
io= (1-a/90)2 ig = (1-c/ 90) 2 i,=(1-al$)?
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 0.60
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 16.33 5.89 16.33
2 4.50 1.20 18.70 B6.75 18.70
3 6.00 1.20 21.07 7.60 21.07
;_-,"-,r‘ CONSULTING
R I R Y * @ Engineers Group Ltd.
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ANNEXURE - IV

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

Location Minor Bridge No. 369 |
Chainage 333/15-17
Bore Hole No. 1
Footing Depth (m) 1.50 Footing Depth (m) 3.00
SBC (t/m2) ] 7.50 SBC (f/m2) 16.00
Average N value 19.00 Average N value 20.79
Settlement for 10 t/m2 (mm) 17.00 Settlement for 10 t/m2 (mm) 14.00
Total Settlement (mm) 12.75 Total Settlement (mm) 22.40
Depth Correction 0.91 Depth Correction 0.83
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
9.3 14.9
(mm) (mm)
Footing Depth (m) 4.50 Footing Depth (m) 6.00
SBC (/m2) 18.50 SBC (t/m2) 21.00
Average N value 21.33 Average N value 22.09
Settlement for 10 /m2 (mm) 14.50 Settlement for 10 f/m2 (mm) 13.80
Total Settlement (mm) 26.83 . Total Settlement (mm) 28.98
Depth Correction 0.74 Depth Correction 0.68
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
15.9 15.8
(mm) {(mm)
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 368

CHAPTER -16
"Minor Bridge No. 368",

Location - Existing Km. - 332/15-17

CONSULTING
Engineers Group Ltd.
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Minor Bridge No. 368

161 LOCATION OF STRUCTURE:
Proposed Minor Bridge of Span 1x1.2x1.2
16.2 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 >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 Filled up Strata Loose
1.50 to 3.00 Gravelly Silt with Sand Loose
BH-1 3.00 to 6.00 Gravelly Silt with Sand Medium Dense
6.00 to 9.00 Silty Sand Medium Dense
9.00 to 12.00 Silty Sand Dense
16.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH |Carbonate [Chlorides| Sulphate| Nitrate | Salinity
(m) % % % %
BH-1 5.00 8.70 0.007 0.0018 NIL 0.0010 0.039
16.4 DIFFERENTIAL FREE SWELL INDEX (DFS)
Bore Hole No. Depth (m) DES Index in %
BH-1 5.00 NIL
165 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?2)
1.50 20.00
3.00 23.00
BH-1
450 26.00
6.00 28.00
16.6 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.

16.8 RECOMMENDATIONS

(i) Type of foundation

Open foundation

(i)

Depth of foundation

below GL

Below 3.00m from EGL

- - 3054
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Minor Bridge No. 368

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—332/15-17 FOR MINOR BRIDGE NO.-368,

ON KESARI| TO SANEHWAL, LUDHIANA
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ANNEXURE - Ili

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 332/15-17

BH-1

Continuous Strip

30.00

Angle of internal friction (¢ °)
Cohesion (¢ in Ym2) 0.00
Void ratio (e) 0.41
Direction of load with vertical £) 0.00
Density of surcharge  (Vm®) 1.70
Density of foundation soil (t/m®) 1.98
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 4.580 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
Gs = CNeSedele + 0 (Ng-1) 8qd,ig + (1/2) B y N, 8. d, i, W'

The ultimate net bearing capacity in case of local shear failure is given by
Q4= (2/3) ¢ N'e S dele +G (N'g1) sqdgi + (1/2) B y N', s, d, i, W'

Where,

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/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 cbtained from general and local shear failure

criteria.
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