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 = 30 m
Length of footing (L) = 80 m
Width of footing (B) = 30 m
Initial effective stress at mid of layer Po = 675 t/m’
Concentrated load P = 15.00 t/m?
Incerase in pressure at mid of layer AP = Pxlyg
lg= 0.22
AP = 33 t/m’
Compression Index Ce .= 0.11
Thickness of clay layer H = 3 m
Initial Void ratio e, = 0.64
okt = 14888889
Po
Settlement of clay layer St = lf(e:o H log 1y ﬂgf-—P
S = 0.0347833 m

Depth Factor Calculation

= 34.783265 mm
Correction for Depth and Rigidity of foundation on total settlement

D/ (LB)A% = 0.61

D = Depth of Foundation
L/B = 2,67
Depth Factor = 0.83

Total Settlement of Rigid foundation

Rigidity Factor =

= 0.8
0.85

Pore Pressure correction
Total Settlement

Total Settlement at the centre of Flexible foundation

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

S = 19.6

mm

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

Footing Depth (m) 3.00
SBC (t/m2) 345
Average N value 37
Settlement for 10 i/m2 (mmy) | 7.00
Total Settlement (mm) 242
Depth Correction 0.91
Rigidity Correction 0.8
Corrected Total Settlement 176
(mm)
Total Settlement (mm) 214
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ANNEXURE -1V

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

Location Minor Bridge No. 361 |
Chainage 317/28-30
Bore Hole No. Al
Footing Depth (m) 4.50 Footing Deptl. (m) 6.00
SBC (Ym2) 36.00 SBC (/m2) 36.00
Average N value 33.0 Average N value 335
Settlement for 10 /m2 (mm) 9.00 Settlement for 10 t/m2 (mm) 9.00
Total Settlement (mm) 32.40 Total Settlement (mm) 32.40
Depth Correction 0.68 Depth Correction 0.63
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
17.5 16.3
(mm) (mm)
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Major Bridge No. 385

CHAPTER - 25

"Major Bridge No. 385",

Location - Existing Km. - 353/35, 354/4

W CONSULTING
Engineers Group Ltd.

o 1 .v:.?‘,.,.

i
a2
[
[

Page 257 of 513



e B N e e R B e Y - e e www www YO W P YO Y Y Y IYP9PR99DPO0OOC



Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Major Bridge No. 385

251 LOCATION OF STRUCTURE:
Proposed Major Bridge of Span 3 x 24.4
25.2 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 3.15m 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 Loose
1.50 to 4.60 Clayey silt Medium Dense
4.60 to 9.00 Silty Sand Medium Dense
BH-1(A1) 9.00 to 12.00 Silty Sand Dense
12.00 to 15.00 Clayey silt Dense
15.00 to 18.00 Silty sand Dense
18.00 to 30.00 Silty sand Very dense
0.00 to 1.50 Filled up strata -
1.50 to 3.00 Sandy silt with gravels Loose
3.00 to 6.00 Sandy silt Loose
BH-2(P1) 6.00 to 6.80 Sandy silt Medium Dense
6.80 to 9.00 Silty sand Medium Dense
9.00 to 12.00 - Silty sand with gravels Medium Dense
12.00 to 15.00 Clayey silt with sand and gravels Medium Dense
15.00 to 30.00 Silty sand Very dense
0.00 to 1.50 Clayey silt Loose
1.50 to 3.00 Clayey silt Medium Dense
BH-3(P4) 3.00 to 6.00 Sandy silt with gravels Medium Dense
6.00 to 15.00 Silty sand Medium Dense
15.00 to 24.00 Silty sand Dense
24.00 to 30.00 Silty sand Very dense
0.00 to 1.50 Clayey silt with gravels Loose
1.50 to 3.00 Clayey silt with gravels Medium Dense
3.00 to 6.00 Sandy silt with gravels Medium Dense
BH-4 (A2) 6.00 to 9.00 Silty sand Medium Dense
9.00 to 12.00 Silty sand with gravels Medium Dense
12.00 to 18.00 Silty sand Medium Dense
18.00 to 21.00 Silty sand Dense
21.00 to 30.00 Silty sand Very dense
TR CONSULTING
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Major Bridge No. 385

25.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH [Carbonate Chlorides Sulphatel Nitrate | Salinity
(m) % % %
BH-1 (A1) 3.00 8.50 0.002 0.0014 NIL 0.0009 0.019
21.00 8.50 0.002 0.0014 NIL 0.0009 0.022
BH-2 (P1) 3.00 7.20 NIL 0.0035 NIL 0.0012 0.067
9.00 8.80 0.007 0.0014 NIL 0.0011 0.026
BH-3 (P4) 6.00 8.10 0.006 01.0015 NIL 0.0011 0.021
3.00 8.40 NIL 0.0014 NIL 0.0010 0.028
BH-4 (A2) 9.00 8.80 0.010 0.0014 NIL 0.0010 0.025
24.00 8.80 0.010 0.0011 NIL 0.0010 0.025
254 DIFFERENTIAL FREE SWELL INDEX (DES)
Bore Hole Depth (m) DFS Index in %
No.
3.00 14
BH-1 (A1) 12.00 17
21.00 NIL
3.00 NIL
BH-2 (P1) 9.00 NIL
21.00 NIL
6.00 NIL
BH-3 (P4) 12.00 NIL
21.00 NIL
3.00 NIL
BH-4 (A2) 9.00 NIL
24.00 NIL
255 CHEMICAL ANALYSIS OF ENCOUNTERED WATER FROM BOREHOLE
pH |Chloride|Sulphat|OrganiclInorgani| Acidity |Alkalinit| Total |[Conduct
Chemical Value s e Matter |c Matter| (ml) | y (ml) |Disso. | ivity
Properties mg/lit | mg/lit | mg/lit | mg/lit Solids | (mg)
(ppm)
Test 7.3 125 109 157 1002 0.20 4.0 11.25 | 812
Result
Requirme Not | 2000 400 200 3000 | 5mlof | 25ml - -
ntas per | less | for CC 0.02 of 0.02
1S:456 / | then | and norma | normal
Mosrth's | 6.0 | 500 for 1 H,504
RCC NaoH
o CONSULTING
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Major Bridge No. 385

25.6 NET ALLOWABLE BEARING PRESSURE

25.7

25.7.1

Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m2)

1.50 14.00

BLLA1 3.00 18.00
450 21.00 ]
2.00 22.00
1.50 11.50
3.00 20.00

RE-A2 4.50 20.50
2.00 21.00

PILE LOAD CARRYING CAPACITY

Normal Bored Cast in- situ Pile Foundations:

Normal bored cast in situ RCC pile foundation is envisaged for the proposed
bridge and have been analysed in the subsequent paragraphs. The Axial load
carrying capacity of Pile in Rock is determined as per IRC- 78: 2000 appendix-5.

The safe Load carrying capacities of piles have been worked out on the basis of
IRC-78 as per provision/assumptions provided therein.. For calculating designed
Capacity of pile recommendation of IS: 2911 should be followed. The minimum
factor of safety on ultimate axial capacity should be as per clause 709.3.2 of IRC
78: 2000.The final design/construction of foundations, the safe /allowable load
carrying capacity of these piles should be taken by conducting actual initial load
tests on these piles casted in the respective area.

Further the piles should have necessary structural strength to transmit/sustain
the design load.

Pile load carrying capacity in t/m?

BH -NO. PILE DEPTH PILE CARRYING CAPACITY IN TONNE

(mtr) DIAMETER OF THE PILE 1.00 mtr

BH-1 (Al) 18.00 160.00

21.00 230.00

24.00 300.00

18.00 170.00

BH-2 (P1) 21.00 230.00

24.00 280.00
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Major Bridge No. 385

18.00 160.00
BH-3 (P4) 21.00 200.00
24.00 250.00
18.00 210.00
BH-4 (A2) 21.00 270.00
24.00 330.00

25.8 CONCLUSIONS

o Subsurface Profiles indicates suitable Soil formation for foundations.
e Chemical contents of Water are within the safe limits for construction
purpose.

25.9 RECOMMENDATIONS
| () | Typeof foundation | Pile foundation ]

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(A1) AT EXISTING KM—353/35—354 /4 FOR MAJOR BRIDGE NO.—385,

Depth (m>
0.00

150

3.00

N-Values RL-257.530

—12

— UDS

4,60

6.00

S.00

12,00
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330
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%z‘,:%é CLAYEY SILT

SILTY SAND

COMNSULTING
Engireers G .

Page 267 of 513



ANNEXURE-I

Consulting Engineers Group Ltd., Jaipur Geotechnical Report

BORELOG OF BH—2(P1) AT EXISTING KM—353/35—354/4 FOR MAJOR BRIDGE NO.—385,
ON KESARI TO SANEHWAL, LUDHIANA

Depth (m) N-Values RL-257.578

0.00 e - '

150 7 z
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3.00 —uUDs
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Consulting Engineers Group Ltd., Jaipur

ANNEXURE-II

Geotechnical Report

BORELOG OF BH—3(P4) AT EXISTING KM—353/35-354/4 FOR MAJOR BRIDGE NO.—385,

ON KESARI TO SANEHWAL, LUDHIANA

Depth (m) N-Values RL-256.190
0.00 - i
150 — |13 1
300 19 19
L, -
L, -
600 —
9.00 — 26
12.00 —&%
15.00 — 30
18.00 —| 39
21,00
24.00 62
27.00 66
LEGEND
_ SYMBOL DESCRIPTION
L T R
| By | CLaYEY SuT
) | sanpy st wiTH
20,00 _| 73 GRAVELS
SILTY SAND
a4 L0
gt q},&vﬁy E:u.usucn.ntg
Enginters Grows Lo
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ANNEXURE-Il

Consulting Engineers Group Ltd., Jaipur Geotechnical Report

Depth (m)
0.00

1.50

3.00

ups

6.00

9.00

12.00

15.00

1B8.00

27.00

30,00

BORELOG OF BH—4(A2) AT EXISTING KM—353/35-354/4 FOR MAJOR BRIDGE NO.—385,

ON KESARI TO SANEHWAL, LUDHIANA

N-Values RL-255.580
13
25
28
35
59
LEGEND
61
SYMBOL DESCRIPTION
F=————1 | CLAYEY SIUT WITH
GRAVELS
SANDY SILT WITH
GRAVELS
SILTY SAND
69
SILTY SAND WITH
GRAVELS
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Major Bridge No. 385

25.1 LOCATION OF STRUCTURE:
Proposed Major Bridge of Span 3 x 24.4

252 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 3.15m 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 Loose
1.50 to 4.60 Clayey silt Medium Dense
4.60 to 9.00 Silty Sand Medium Dense
BH-1(A1) 9.00 to 12.00 Silty Sand Dense
12.00 to 15.00 Clayey silt Dense
15.00 to 18.00 Silty sand Dense
18.00 to 30.00 Silty sand Very dense
0.00 to 1.50 Filled up strata -
1.50 to 3.00 Sandy silt with gravels Loose
3.00 to 6.00 Sandy silt Loose
6.00 to 6.80 Sandy silt Medium Dense
B 6.80 to 9.00 Silty sand Medium Dense
9.00 to 12.00 Silty sand with gravels Medium Dense
12.00 to 15.00 Clayey silt with sand and gravels Medium Dense
15.00 to 30.00 Silty sand Very dense
0.00 to 1.50 Clayey silt Loose
1.50 to 3.00 Clayey silt Medium Dense
BH-3(P4) 3.00 to 6.00 Sandy silt with gravels Medium Dense
6.00 to 15.00 Silty sand Medium Dense
15.00 to 24.00 Silty sand Dense
24.00 to 30.00 Silty sand Very dense
0.00 to 1.50 Clayey silt with gravels Loose
1.50 to 3.00 Clayey silt with gravels Medium Dense
3.00 to 6.00 Sandy silt with gravels Medium Dense
BH-4 (A2) 6.00 to 9.00 Silty sand Medium Dense
9.00 t0 12.00 Silty sand with gravels Medium Dense
12.00 to 18.00 Silty sand Medium Dense
18.00 to 21.00 Silty sand Dense
21.00 to 30.00 Silty sand Very dense

CONSULTING
Y=g Engineers Group Lid.
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Major Bridge No. 385

25.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH Carbonate Chlorides Sulphate| Nitrate | Salinity
{m) % Y% %
BH-1 (A1) 3.00 8.50 0.002 0.0014 NIL 0.0009 0.019
21.00 8.50 0.002 0.0014 NIL 0.0009 0.022
BH-2 (P1) 3.00 7.20 NIL 0.0035 NIL 0.0012 0.067
9.00 8.80 0.007 0.0014 NIL 0.0011 0.026
BH-3 (PP4) 6.00 8.10 0.006 01.0015 NIL 0.0011 0.021
3.00 8.40 NIL 0.0C14 NIL 0.0010 0.028
BH-4 (A2) 9.00 8.80 0.010 0.0014 NIL 0.0010 0.025
24.00 8.80 0.010 0.0011 NIL 0.0010 0.025
254  DIFFERENTIAL FREE SWELL INDEX (DFS)
Bore Hole Depth (m) DES Index in %
No.
3.00 14
BH-1 (A1) 12.00 17
21.00 NIL
3.00 NIL
BH-2 (P1) 9.00 NIL
21.00 NIL
6.00 NIL
BH-3 (P4) 12.00 NIL
21.00 NIL
3.00 NIL
BH-4 (A2) 9.00 NIL
24.00 NIL
25,5 CHEMICAL ANALYSIS OF ENCOUNTERED WATER FROM BOREHOLE
pH |Chloride|Sulphat|OrganidqInorgani| Acidity |Alkalinit| Total |Conduct
Chemical Value s e Matter [c Matter| (ml) y (ml}) |Disso. | ivity
Properties mg/lit | mg/lit | mg/lit | mg/lit Solids | (mg)
(ppm)
Test 7.3 125 109 157 1002 0.20 4.0 11.25 | 812
Result
Requirmel Not | 2000 400 200 3000 | 5mlof | 25ml - -
ntas per | less | for CC 002 | of 0.02
15:456 / | then | and norma | normal
Mosrth's | 6.0 | 500 for 1 H>504
RCC NaoH
& 7 CONSULTING

Page 259 of 513




Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Major Bridge No. 385

25.6 NET ALLOWABLE BEARING PRESSURE

25.7

25.7.1

Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.50 14.00
3.00 18.00
Bl 450 21.00
2.00 22.00
1.50 11.50
3.00 20.00
BH-A2 450 20.50
2.00 21.00

PILE LOAD CARRYING CAPACITY

Normal Bored Cast in- situ Pile Foundations:

Normal bored cast in situ RCC pile foundation is envisaged for the proposed
bridge and have been analysed in the subsequent paragraphs. The Axial load
carrying capacity of Pile in Rock is determined as per IRC- 78: 2000 appendix-5.

The safe Load carrying capacities of piles have been worked out on the basis of
IRC-78 as per provision/assumptions provided therein.. For calculating designed
Capacity of pile recommendation of IS: 2911 should be followed. The minimum
factor of safety on ultimate axial capacity should be as per ¢clause 709.3.2 of IRC
78: 2000.The final design/construction of foundations, the safe /allowable load
carrying capacity of these piles should be taken by conducting actual initial load
tests on these piles casted in the respective area.

Further the piles should have necessary structural strength to transmit/sustain
the design load.

Pile load carrying capacity in t/m?

BH -NO. PILE DEPTH PILE CARRYING CAPACITY IN TONNE

(mtr) DIAMETER OF THE PILE 1.00 mtr

BH-1 (A1) 18.00 160.00

21.00 230.00

24.00 300.00

18.00 170.00

BH-2 (P1) 21.00 230.00

24.00 280.00

ey
»
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Major Bridge No. 385

18.00 160.00
BH-3 (P4) 21.00 200.00
24.00 250.00
18.00 210.00
BH-4 (A2) 21.00 270.00
24.00 330.00

25.8 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.
e Chemical contents of Water are within the safe limits for construction
purpose.

25.9 RECOMMENDATIONS
| G) | Type of foundation | Pile foundation |

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-II

Consulting Engineers Group Lid., Jaipur Geotechnical Report

BORELOG OF BH—1(A1) AT EXISTING KM—353/35—354/4 FOR MAJOR BRIDGE NO.—385,
ON KESARI TO SANEHWAL, LUDHIANA

Repth € N-Values RL-257.530
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Consulting Engineers Group Litd., Jaipur

ANNEXURE-II

Geotechnical Report

BORELOG OF BH—2(P1) AT EXISTING KM—353/35—-354/4 FOR MAJOR BRIDGE NO.—385,

ON KESARI TO SANEHWAL, LUDHIANA
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ANNEXURE-II

Consulting Engineers Group Ltd., Jaipur Geotechnical Report

BORELOG OF BH—3(P4) AT EXISTING KM—353/35-354/4 FOR MAJOR BRIDGE NO.—385,

Depth (m) N-Values RL-256.190
000 —p - '

p

K

o

X 1
1.50 —13
3.00 19 =
6.00 ~
9.00 =
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18.00 =
21.00
24.00 ==

66
27.00 LEGEINLY
LEGEND
SYMBOL DESCRIPTION
G | o
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30.00 = —
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§ 3

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

ANNEXURE-II

Geotechnical Report

BORELOG OF BH—4(A2) AT EXISTING KM—353/35—-354/4 FOR MAJOR BRIDGE NO.-385,
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BORE HOLE DETAIL AT MAJOR BRIDGE NO. 385 CH.- 354/0-1 (NEELON CANAL)
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ANNEXURE - i

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

INPUT DATA Major Bridge No. 385 BH-A1
Type of footing

1 Continuous Strip

2 Rectangular Continuous Strip 1

3 Square

4 Circular
Angle of internal friction (¢ ) 22.00
Cohesion (c in Ym2) 1.10
Void ratio (e) 0.61
Direction of load with vertical () 0.00
Density of surcharge (¥m’) 1.70
Density of foundation soil (t/n) 171
Depth of water table(m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m)
1 1.50 2.00
Z 3.00 2.00

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 =€ Nesdeic + g (Ng-1) sqdgiq+ (1/2) By Nys, d, i W

The ultimate net bearing capacity in case of local shear failure is given by
9= (2/3) cN'es.doic + g (N'g-1) sqdgiq+ (1/2) By N, 5,d,i, W'

Where,
de =1+ 0.2 (D¢/B)*SQRT(N,)
dq=d, =1 for¢ <10°
dy=d,=1+0.1(DyB)*SQRT(N,) for¢ >10°
N, = tan’(r/4 +4/2)
&' for local shear failure = tari' { 0.67 tang )
OUTPUT

The computer aided results for shear failure criteria are tabulaled below. The results are

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

criteria.
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ANNEXURE - lil

Bearing capacity factors :

b 22.00 ¢ 15.15
N 17.18 N', 11.09
Ng 8.10 N'g 4,01
N, 7.59 N 273
Shape factors :
S.no. Width(m) S, Sq S,
1 2.00 1.00 1.00 1.00
2 2.00 1.00 1.00 1.00
Depth factors :
S.no. Depth(m) Width(m) dc d, d,
1 1.50 2.00 1.22 1.1 1:494
2 3.00 2.00 144 1.22 1.22
Inclination factors :
i = (1-0/90) 2 ig= (1-0/90) ° i,=(1-a/)?
1.00 1.00 1.00
Water table factor :
S.no. Depth{m) Width(m) Z,/B w
1 1.50 2.00 0.00 0.50
2 3.00 2.00 -0.75 0.50
Safe Bearing Capaci
S.no. Depth(m) Width(m) SBC in (t/m?)
General shear| Local shear Actual
1 1.50 2.00 16.82 7.02 13.88
2 3.00 2.00 21.59 9.04 17.82
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ANNEXURE - il

Calculation of SBC for shallow foundations as per IS : 6403 - 1981
INPUT DATA Major Bridge No. 385

Type of footing

BH-A1

1 Continuous Strip
2 Rectangular Continuous Strip
3 Square
4

Circular

Angle of internal friction (¢ ©)
Cohesion (c in t/m2)

Void ratic (e)

Direction of load with vertical ()
Density of surcharge (tu'ma)
Density of foundation soil ()
Depth of water table(m)

Factor of safety

27.00
0.00
0.61
0.00
170
1.71
1.50
3.00

S.no. Depth (m) Width (m)
1 4.50 2.00
2 6.00 2.00

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 =€ Nescdoic +g (Ng-1) sdgig + (1/2) By Nys, d, i W

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

q'q = (2/3) c N'cscdeic + q (N'-1) s4dqig + (1/2) By N s, d, i, W
Where,

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

dg=d, =1for¢ <10°

d,=d,=1+0.1(DJ/B)*SQRT(N,) for¢ >10°

N, = tan(r/d +/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.
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Bearing capacity factors :

ANNEXURE - lii

0 27.00 & 18.85
Ne 24.49 N'g 13.94
Ng 13,76 N' 5.83
N, 16.49 N, 4.76
Shape factors :
S.no. Width{m) S, S, S,
1 2.00 1.00 1.00 1.00
2 2.00 1.00 1.00 1.00
Depth factors :
S.no. Depth(m) Width(m) dc d, d,
1 4.50 2.00 1.73 1.37 1.37
2 6.00 2.00 1.98 1.49 1.48
Inclination factors :
ie= (1-u/90)° ig= (1-a./80) 2 = (1-ald)?
1.00 1.00 1.00
Water table factor :
S.no. Depth(m) Width(m) Z./B W
1 4.50 2.00 -1.50 0.50
2 6.00 2.00 -2.25 0.50
Safe Bearing Capacity
S.no. Depth(m) Width(m) SBC in (Ym?)
General shearl Local shear Actual
1 4.50 2.00 25.80 9.24 20.86
2 6.00 2.00 28.11 10.18 22.73

2]

3
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ANNEXURE - lll

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

INPUT DATA Major Bridge No. 385 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 Ym2) 1.20
Void ratio (e) 0.65
Direction of load with vertical ) 0.00
Density of surcharge  (t/m’) 1.70
Density of foundation soil (Um’) 1.90
Depth of water table(m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width (m)
1 1.50 2.00

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 = ¢ Nesedcic +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
q'y = (2/3) e N'escdeic + q (N'-1) s5dgig + (1/2) By N, 5,d,i, W

Where,
d. = 1+ 0.2 (D/B)*SQRT(N,)
dq=d, = 1for¢ <10°
dy=d,=1+0.1(D/B)*SQRT(N,} for¢ >10°
N, = tan’(z/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.
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Bearing capacity factors :

ANNEXURE - il

& 21.00 &' 14.42
N, 16.01 N'c 10.68
Nq 7.25 N, 3.77
N, 6.49 N 2.49
Shape factors :
S.no. Width(m) S, S, S,
1 2.00 1.00 1.00 1.00
Depth factors :
S.no. Depth(m) Width{m) dc d, d,
1 1.50 2.00 1.22 1.1 1.11
Inclination factors :
io= (1-a/90)° i = (1-00/90) 2 i=(1-a/$)’?
1.00 1.00 1.00
Water table factor :
S.no. Depth(m) Width{m) 2.8 w
1 1.50 2.00 0.00 0.50
Safe Bearing Capacity
S.no. Depth(m) Width(m) SBCin (v‘rnz)
General shearl Local shear Actual
1 1.50 2.00 16.97 6.95 11.46
- ot
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ANNEXURE - Ill

Calculation of SBC for shallow foundations as per 1S : 6403 - 1981
INPUT DATA Major Bridge No. 385

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

Circular

BH-1

Angle of internal friction ¢ °) 29.50
Cohesion (¢ in Ym2) 0.00
Void ratio (e) 0.49
Direction of load with vertical (') 0.00
Density of surcharge (V') 1.70
Density of foundation soil (/) 1.98
Depth of water table(m) 1.50
Factor of safety 3.00
S.no. Depth (m) Width (m)

1 3.00 2.00

2 4.50 2.00

3 6.00 2.00

SHEAR FAILURE CRITERIA

Assumptions and formula used in calculation as per 1S:6403-1881 are given below -

The ultimate net bearing capacity in case of general shear failure is given by
qg=C Nescdeic +q (Ng-1) sodgig + (1/2) By Nys,d, LW

The ultimate net bearing capacity in case of local shear failure is given by
9'a=(23) e N'y 8. deie + q (N'q1) spdgiq + (1/2) By N', s, d, i, W

Where,
d = 1+ 0.2 (D/B)*SQRT(N,)
dy=d,=1forp <10°
d,=d, =1+ 0.1 (D/B)*SQRT(N,) for >10°
N, = tan’(n/4 +§/2)
&' for local shear failure = tari’ { 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 - il

Bearing capacity factors :

$ 29.50 ¢’ 20.76
N 25.20 N'c 16.73
Ny 17.63 N 7.05
N, 21.25 N', 6.22
Shape factors :
S.no. Width(m) S. S, S,
1 2.00 1.00 1.00 1.00
2 2.00 1.00 1.00 1.00
3 2.00 1.00 1.00 1.00
Depth factors :
S.no. Depth(m) Width(m) dc d, d,
1 3.00 2.00 1.51 1.26 1.26
2 4.50 2.00 § T 1.39 1.39
3 6.00 2.00 2.03 1.51 1.51
Inclination factors :
i.= (1-a/80)? ig = (1-c/ 90) i,=(1-af¢)?
1.00 1.00 1.00
Water tabie factor :
S.no. Depth(m) Width(m) Z,/8 w
1 3.00 2.00 -0.75 0.50
2 4.50 2.00 -1.50 0.50
3 6.00 2.00 -2.25 0.50
Safe Bearing Capacity
S.no. Depth{m) Width(m) SBC in (t.'mE)
General shearl Local shear Actual
1 3.00 2.00 32.50 11.20 32.50
2 4.50 2.00 35.83 12.34 35.83
3 6.00 2.00 39,16 13.49 39.15

CONSULTING
gi Englnears Group Ltd.

%
)
i
t",}m
o
&

Page 279 of 513



ANNEXURE - IV

Settlement Calculation for Cohesive Soil As per IS 8009 (Part 1)
BH No. (A1) Major Bridge at Ch. 353/35-354/4
Depth of foundation = 15 m
Length of footing (L) = 2.0 m
Width of footing (B) = 2.0 m
Initial effective stress at mid of layer Po = 51 t/m?
Concentrated load P = 14,00 t/m’
Incerase in pressure at mid of layer AP = PxIy
Ig= 022
AP = 31 tym?
Compression Index Cc = 01
Thickness of clay layer H = 3 m
Initial Void ratio e, = 0.61
+
foAp = 16039216
Po
Cc Po + AP
Settlement of clay layer S B o= M logiy ——F—
5 = 0.0382329 m
= 38.232881 mm
Correction for Depth and Rigidity of foundation on total settlement
|Depth Factor Calculation
D/ (LB = 0.61
D = Depth of Foundation
L/B = 1.00
Depth Factor = 0.78
o g _ Total Settlement of Rigid foundation
hugtliiy Factor N Total Settlement at the centre of Flexible foundation
= 0.8
Pore Pressure correction = N.A.
Total Settlement = 5t x D.F.x RF.x Pore Pr. Correction
Sa = 23.9 mm
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ANNEXURE - IV

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

|BH No. (A1) Major Bridge at Ch. 353/35-354/4
Depth of foundation = 30 m
Length of footing (L) = 20 m
Width of footing (B) = 20 m
Initial effective stress at mid of layer Po = 6375 t/ m’
Concentrated load P = 1800 t/m’
Incerase in pressure at mid of layer AP = Pxlg
I'g= 0248
AP = 45 ym’
Compression Index Ce = 01
Thickness of clay layer H = 15 m
Initial Void ratio €, = 061
+
Po*2  _ 170004
Po
Ce Po + AP
Settlement of clay layer S = ¥eo H log 1 T
S = 0.02148 m
= 21476 mm

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

D/ (LB = 061
D = Depth of Foundation

L/B = 100
Depth Factor = 067
o Total Settlement of Rigid foundation
R F, =
gty Fostor Total Settlement at the centre of Flexible foundation
= 0.8
Pore Pressure correction = 0.85

Total Settlement

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

Sp 98 mm

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

Footing Depth (m) 3.00
SBC (/m2) 3.87
Average N value i3

Settlement for 10 {/m?2 (mm) 15.00

Settlement (mm) for SBC 5.81

Depth Correction 0.66

Corrected Settlement (mm) 38

Total Settlement (mm) 13.6
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ANNEXURE - IV

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

Location Major BridgeNo. 385
Chainage 353/35-354/4
Bore Hole No. Al I

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

Average N value 19 Average N value 19
Settlement for 10 t/m2 (mm) 15.00 Settlement for 10 t/m2 (mm) 15.00
Total Settlement (mm) 31.50 Total Settlement (mm) 33.00
Depth Correction 0.57 Depth Correction 0.57

Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement (mm)|  14.4 sorrecked Tg::i)sememe“* 15.0
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ANNEXURE - IV

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

Location Major Bridge No. 385 (P1) |
Chainage 353/ 35-354l4|
Footing Depth (m) 3.00 Footing Depth (m) 4.50
SBC (t/m2) 11.50 SBC (m2) 12.00
Average N value 11 Average N value 11
Settlement for 10 /m2 (mm) 29.00 Settlement for 10 t/m2 (mm) 29.00
Total Settlement (mm) 33.35 Total Settlement (mm) 34.80
Depth Correction 0.67 Depth Correction 0.63
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
) 17.9 (irim) 175
Footing Depth (m) 6.00
SBC (/m2) 13.00
Average N value 11
Settlement for 10 ¥m2 (mm) 29.00
Total Settlement (mm) 37.70
Depth Correction 0.57
Rigidity Correction 0.8
Corrected Total Settlement 17.2
(mm)
0t 0 & [ asredyte
- - 3l
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ANNEXURE - IV

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

Location Major Bridge No. 385 (P4) |
Chainage 353/35-354/4
Bore Hole No. P4 |
Footing Depth (m) 3.00 Footing Depth (m) 4.50
SBC (m2) 10.00 SBC (t/m2) 11.00
Average N value 23 Average N value 22
Settlement for 10 t/m2 (mm) 11.60 Settlement for 10 t/m2 (mm) 12.40
Total Settlement {mm) 11.60 Total Settlement (mm) 13.64
Depth Correction 0.67 Depth Correction 0.63
Rigidity Correction 08 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
6.2 6.9
(mm}) (mm)
Footing Depth (m) 6.00
SBC (t/m2) 12.00
Average N value 21
Settlement for 10 /m2 (mm) 13.20
Total Settlement (mm) 15.84
Depth Correction 0.57
Rigidity Correction 0.8
Corrected Total Settlement
7.2
(mm)
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ANNEXURE - IV

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

BH No. (A2 Major Bridge at Ch. 353/35-354/4
Depth of foundation = 15 m
Length of footing (L) = 20 m
Width of footing (B) = 2.0 m
Initial effective stress at mid of layer Po = 665 t/m’
Concentrated load P = 1150  t/m’
Incerase in pressure at mid of layer AP = Pxlg
Ig= 0.248

AP & 29 t/m’

Compression Index Cc = 0.063

Thickness of clay layer H = 1.5 m

Initial Void ratio e, = 049
Po + Ap
= 1.43
Po
Settlement of clay layer 5 G H
ey ’ 1+eo
S = 0.00983012 m

= 9.8301171 mm
Correction for Depth and Rigidity of foundation on total settlement
Depth Factor Calculation

Po + AP

log 10 To

D/{LB*"® = 075
D = Depth of Foundation
L/B = 1.00
Depth Factor = 0.77
Total Settlement of Rigid foundation
Rigidity Factor = Total Settlement at the centre of Flexible foundation
= 0.8
Pore Pressure correction = 0.85

Total Settlement

Spy

1]

51 mm

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

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

Footing Depth (m) 1.50
Effective Pr. (t/m2) 2.30
Average N value 19
Settlement for 10 m2 (mm) [15.00
Total Settlement (mm) 345
Depth Correction 0.77
Rigidity Correction 0.8
Corrected Total Settlement 27
(mm)

Total Settlement (mm) 7.8
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ANNEXURE -1V

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

CONSULTING

Location Major Bridge No. 385 (A2) |
Chainage 354/0-1
Bore Hole No. A2
Footing Depth (m) 3.00 Footing Depth (m) 4.50
SBC (ym?2) 20.00 SBC (t/m2) 20.50
Average N value 19 Average N value 19
Settlement for 10 t/m2 (mm) 15.00 Settlement for 10 t/m2 (mm) 15.00
Total Settlement (mm) 30.00 Total Settlement {mm) 30.75
Depth Correction 0.66 Depth Correction 0.78
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
15.8 19.2
(mm) (mm)
Footing Depth (m) 6.00
SBC (t/m2) 15.00
Average N value 19
Settlement for 10 t/m2 (mm) 15.00
Total Settlement (mm) 22.50
Depth Correction 0.69
Rigidity Correction 0.8
Corrected Total Settlement 12.4
(mm)
sl
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Major Bridge No. 361A

CHAPTER - 26
"Major Bridge No. 361A",

Location - Existing Km. - 319/25-27

.
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Major Bridge No. 361A

26.1 LOCATION OF STRUCTURE:
Proposed Major Bridge of Span 1x45.7
26.2 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-IL.
(d) Calculations of Safe Bearing Capacities in ANNEXURE-III.
(e) Calculations of Probable Settlement in ANNEXURE-IV.
(f) Depth of water Table 13.80m below EGL.
Subsurface profile at the site
BOREHOLE Depth Type of Soil/Rock Soil/Rock
No. (m) Characteristics
0.00 to 1.50 Silty Sand Loose
1.50 to 3.00 Silty Sand with Gravels Medium Dense
3.00 to 4.50 Clayey Silt Medium Dense
BH-1 (A1) 4.50 to 6.00 Sandy Silt Medium Dense
6.00 to 10.50 Silty Sand Medium Dense
10.50 to 13.50 Silty Sand Dense
13.50 to 30.00 Silty Sand Very Dense
0.00 to 0.50 Silty Sand Loose
0.50 to 1.50 Clayey Silt with Gravels Loose
1.50 to 3.00 Clayey Silt with Gravels Medium Dense
3.00 to 4.50 Silty Sand Medium Dense
BH-2 (A2) 4.50 to 10.50 Silty Sand Dense
10.50 to 12.00 Sandy Silt Dense
12.00 to 13.50 Clayey 5ilt Dense
13.50 to 19.50 Silty Sand Dense
19.50 to 30.00 Silty Sand Very Dense
26.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH Carbonate Chlorides| Sulphate] Nitrate | Salinity
(m) % % %
3.00 8.50 0.005 0.0014 NIL 0.0010 0.033
BH-A1 6.00 9.60 0.020 0.0014 NIL 0.0009 0.023
15.00 8.70 0.007 0.0014 NIL 0.0009 0.021
3.00 8.40 0.002 0.0014 NIL 0.0009 0.022
BH-A2 6.00 8.90 0.017 0.0011 NIL 0.0010 0.019
18.00 8.70 0.010 0.0018 NIL 0.0010 0.022
264 DIFFERENTIAL FREE SWELL INDEX (DFS)
Bore Hole No. Depth (m) DFS Index in %
3.00 12
BH-A1 6.00 NIL
15.00 NIL
O CONSULTING
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Major Bridge No. 361A

3.00 NIL
BH-A2 6.00 NIL
18.00 NIL
26.5 CHEMICAL ANALYSIS OF ENCOUNTERED WATER FROM BOREHOLE
pH |Chloride|Sulphat|Organidlnorgani| Acidity |Alkalinit| Total |Conductiv
Chemical| Value s e Matter (c Matter| (ml) | y (ml) | Disso. ity
Properties mg/lit | mg/lit | mg/lit | mg/lit Solids | (pS/cm)
(ppm)
Test 7.5 106 95 195 875 0.1 3.0 1134 726
Result
Requirme Not | 2000 400 200 3000 | 5mlof | 25ml - -
ntas per | less | for CC 0.02 of 0.02
IS: 456 / | then and norma | normal
Mosrth's | 6.0 | 500 for 1 H,50,
RCC NaoH

26.6 NET ALLOWABLE BEARING PRESSURE

Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)

1.50 9.00
3.00 11.00

BH-A1
4.50 27.00
2.00 28.00
1.50 10.00
3.00 16.00

i 4.50 18.00
2.00 19.00

26.7 PILE LOAD CARRYING CAPACITY

26.7.1 Normal Bored Cast in- situ Pile Foundations:
Normal bored cast in situ RCC pile foundation is envisaged for the
proposed bridge and have been analysed in the subsequent paragraphs.
The Axial load carrying capacity of Pile in Rock is determined as per IRC-
78: 2000 appendix-5.

The safe Load carrying capacities of piles have been worked out on the
basis of IRC-78 as per provision/assumptions provided therein.. For
calculating designed Capacity of pile recommendation of IS: 2911 should
be followed. The minimum factor of safety on ultimate axial capacity
should be as per clause 709.3.2 of IRC 78: 2000.The final
design/construction of foundations, the safe /allowable load carrying
capacity of these piles should be taken by conducting actual initial load
tests on these piles casted in the respective area.

Further the piles should have necessary structural strength to
transmit/sustain the design load.
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Major Bridge No. 361A

Pile load carrying capacity in /m?2

BH -NO. PILE DEPTH PILE CARRYING CAPACITY IN
TONNE
(mtr)
DIAMETER OF THE PILE 1.00 mtr
18.00 220.00
BH-1 (A1) 21.00 280.00
24.00 350,00
18.00 165.00
BH-2 (A2) 21.00 230.00
24.00 290.00

268 CONCLUSIONS

e Subsurface Profiles indicates suitable Soil formation for foundations.
e Chemical contents of Water are within the safe limits for construction
purpose.

269RECOMMENDATIONS
| () |  Type of foundation | Pile foundation |

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(A1) AT EXISTING KM—-319/25-27 FOR MAJOR BRIDGE NO.—361 A,
ON KESARI TO SANEHWAL, LUDHIANA

Bepdh N=Values RL-263.403
0.00 . :
1.50 12
3.00 3% UDS
5%
%4
%
4,50 X o3
6.00 Ups
7.50 L 29
10.50 L 47
13.50 — 50
15.00 — )
16.50 — A 40
19,50 —| 69
22.50— ! PP 44
25.50 |48 48
LEGEND
SYMBOL DESCRIPTION
: ] | swry sanp
55 _
28.50 5 p—
m GRAVELS
RO | CLAYEY SILT
30.00 66 oot s,
Y SANDY SILT
W
= Iy 6% N oo
—n éﬁ; Q @) gg‘;’;‘uunr;
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ANNEXURE-Il

Consulting Engineers Group Ltd., Jaipur Geotechnical Report
BORELOG OF BH—2(A2) AT EXISTING KM—319/25—27 FOR MAJOR BRIDGE NO.—361 A,
ON KESARI TO SANEHWAL, LUDHIANA
Depth (m) N-Val -
o _%_ o olues RL-263.643
050 -
150 25
300 uDs
450 : 130
6.00 = 4_ups
7.50 —pl® il ee
10.50 o Had e
12.00 37
13.50
1650
18.00
1950
22.50 .
25.50 39
LEGEND
SYMBOL DESCRIPTION
: 1| swry sawp
63
2850 CLAYEY SILT WITH
GRAVELS
v
_— - // M SANDY SILT
- 32{;3{ v & ';W’: CLAYEY SILT

1 CONSULTING
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Consulting Englheers Group Ltd. Jaipur Geotechnical Report
wonma  BORE HOLE DETAIL AT MAJOR BRIDGE NO. 361 A, CH.- 319/25-27 (BHAKRA CANAL)  ,uean

265+
264 -
263

262
261 —

260 —
259
258 -
257 -
256 —
255
254

253
252+
251

250 —
249
248
247
246
245
244
243
242
241
240
239
238
237 -
236
235
234
233

LEGEND

SYMBOL DESCRIPTION

232
231

SANDY SILT

CLAYEY SILT

230~

LA SILTY SAND WITH
GRAVELS
CLAYEY SILT WITH
GRAVELS

.
BeAE
EARARY
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ANNEXURE - Il

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

INPUT DATA Major Bridge No. 361 A BH-A1
Type of fooling

1 Continuous Strip

2 Rectangular Continuous Strip 1

3 Square

4 Circular
Angle of internal friction (¢ °} 21.50
Cohesion (c in Vm2) 1.00
Void ratio (e) 0.7¢
Direction of load with vertical () 0.00
Density of surcharge  (¢/m’) 1.70
Density of foundation soil (1/m) 1.82
Depth of water table(m) 1.50
Factor of safety 3,00

S.no. Depth (m) Width (m)
1 1.50 2.00
2 3.00 2.00

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
qs = ¢ Ngscdoic+ g (Ng-1) sodgig +(1/2) By Nys, d, i W

The ultimate net bearing capacity in case of local shear failure is given by
Qe = (2/3) e N' 8. d, i + q (N';-1) 8,dgig + (1/2) By N', 8. i W

Where,

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

d,=d, =1for¢ <10°

¥ Y

d,=d, =1+0.1(DyB)*SQRT(N,) for¢ >10°

N, = tan’(z/4 +$i2)

¢' for local shear failure = tari’ ( 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.

C CONSULTING
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ANNEXURE - Ill

Bearing capacity factors ;

[0} 21.50 ¢ 14.78
N 16.60 N'. 10,87
N, 7.68 N’ 3.88
N, 7.04 N', 2.59
Shape factors :
S.no. Width{m) S S, S5
1 2.00 1.00 1.00 1.00
2 2.00 1.00 1.00 1.00
Depth factors :
S.no. Depth(m) Width(m) de dy d,
1 1.50 2.00 1.22 1.11 1.11
2 3.00 2.00 1.44 1.22 1.22
Inclination factors :
i= (1-0/80)° ig = (1-a/90)? iL=(1-alg)?
1.00 1.00 1.00
Water table factor :
S.no. Depth(m) Width(m) Z,/B w
1 1.50 2.00 0.00 0.50
2 3.00 2.00 -0.76 0.50
Safe Bearing Capacity
S.no Depth(m) Width(m) SBC in (tm?)
General shaar[ Local shear Actual
1 1.50 2.00 15.42 6.53 8.76
2 3.00 2.00 19.81 8.42 11.26
TCONSULTING
@ Englneers Group Ltd
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ANNEXURE - il

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

INPUT DATA Major Bridge No. 361 A BH-1
Type of footing

1 Continuous Strip

2 Rectangular Continuous Strip 1

3 Square

4 Circular
Angle of internal friction (6 °) 27.50
Cohesion (c in ¥Ym2) 0.00
Void ratio (e) 0.44
Direction of load with vertical ) 0.00
Density of surcharge (t/m’) 1.70
Density of foundation soil (tn") 1.90
Depth of water table{m) 1.50
Factor of safety 3.00

S.no. Depth (m) Width {m)
1 4.50 2.00
2 6.00 2.00

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

gg=¢C Ncscdcic"' q (Nq'ﬂ Sq

dqig + (112) By N,s,d, i, W

The ultimate net bearing capacity in case of local shear failure is given by
q'g=(23) c N'cscdic +q (N'-1) sqdgig + (1/2) By N s,d,i, W

Where,
d. =1+ 0.2 (D/B)*SQRT(N,)
dg=d, =1for¢ <10°
de=d,=1+0.1(DJB)*SQART(N;) for >10°
N, = tan‘(n/d +6/2)
¢' for local shear fajlure = 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 - Ill

Bearing capacity factors :

¢ 27.50 & 19.23
Ne 2543 N', 14.24
Ng 1453 N'g 6.02
N, 16.64 N 4.97
Shape factors :
S.no. Width(m) Sy S S,
1 2.00 1.00 1.00 1.00
2 2.00 1.00 1.00 1.00
Depth factors :
S.no. Depth(m) Width(m) dc dg dy
1 4.50 2.00 1.74 1.37 1.37
2 6.00 2.00 1.99 1.49 1.49
Inclination factors :
2 _ 2 F 2 - - 2
i = (1-o/ 90) iq = {1-a/ 90) i,=(1-ulg)
1.00 1.00 1.00
Water table factor :
S.ne. Depth(m) Width(m) Z,/B w
1 4.50 2.00 -1.50 0.50
2 6.00 2.00 -2.25 0.50
Safe Bearing Capacity
$.no. Depth(m) Width(m)} SBC in (tm?)
General shearl Local shear Actual
1 4.50 2.00 28.24 9.85 28.24
2 6.00 2.00 30.79 10.85 30.79
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ANNEXURE - il

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

INPUT DATA Major Bridge No. 361 A BH-A2
Type of footing

1 Continuous Strip

2 Rectangular Continuous Strip 1

3 Square

4 Circular
Angle of internal friction  °) 23.00
Cohesion (¢ in t/m2) 0.90
Vaid ratio (e) 0.69
Direction of load with vertical () 0.00
Density of surcharge (tnt) 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)

1 1.60 2.00

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 = cNescdeic+ (Ng1) s, dgiq + (1/2) By Nys, d, i, W'

¥Ry

The ultimate net bearing capacity in case of local shear failure is given by
q'¢={(2/3)c N'gscdcic + q (N'g-1) sqdqig +# (1/2) By N' s, d.i W

Where,

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

d,=d, = 1for¢ <10°

de=d =1+0.1 (D/B)*SQRT(N,) for¢ >10°

N, = tan’(r/4 +6/2)

¢' for local shear failure = tari' { 0.67 tang )

OUTPUT

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

criteria.
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ANNEXURE - 1l

Bearing capacity factors :

& 23.00 ¢ 15.88
N, 18.36 N'. 11.65
Ng 8.96 N'g 4.37
N, 8.68 N, 3.13
Shape factors :
S.no. Width(m) Se S, S,
1 2.00 1.00 1.00 1.00
Depth factors :
S.no. Depth{m) Width(m) dc d, d,
1 1.50 2.00 1.23 1.1 1.11
Inclination factors :
i.= (1-0/90)7 = (1-u /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 2.00 0.00 0.50
Safe Bearing Capacity
S.no. Depth(m) Width(m) SBC in (tm?)
General shear| Local shear l Actual
1 1.50 2.00 17.11 7.07 10.08
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ANNEXURE - lil

Calculation of SBC for shallow foundations as per IS : 6403 - 1981
INPUT DATA Major Bridge No. 361 A BH-A2

Type of footing

1 Centinuous Strip

2 Rectangular Continuous Strip 1

3 Square

4 Circular
Angle of internal friction (¢ °) 29.00
Cohesion (c in Vm2) 0.00
Void ratio (e) 0.69
Direction of load with vertical ) 0.00
Density of surcharge (t/ni') 170
Density of foundation soil (V) 1.75
Depth of water table(m) 1.50
Factor of safety 3.00

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

1 3.00 2.00

2 4.50 2.00

3 6.00 2.00

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
ge=cNs.deic + g (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
qg= (23) e N'os.deio + q (N'g1) Sqdgig + (112) By N, s,d,i, W
Where,
d, =1+ 0.2 (D/B)*SQRT(N,)
dy=d, =1for$ <10°
d,=d,=1+0.1(D/B)*SQRT(N,) for¢ >10°
N, = tan’(n/4 +6/2)
¢' for local shear failure = tan’ (0.67 tang )

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

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

criteria.
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ANNEXURE - llf

Bearing capacity factors :

4 29.00 &' 20.37
Ne 28.26 N'e 15.27
N, 16.85 N, 6.72
N, 2010 N, 5.80
Shape factors :
S.no. Width(m) S S, s
1 2,00 1.00 1.00 1.00
2 2.00 1.00 1.00 1.00
3 2.00 1.00 1.00 1.00
Depth factors :
S.no. Depth(m) Width(m) dc d, d,
1 3.00 2.00 1.51 1.25 1.25
2 4.50 2.00 1.76 1.38 1.38
3 6.00 2.00 2.02 1.51 1.51
Inclination factors :
io= (1-ct/90)° = (1-/90)? = (-0 /d)?
1.00 1.00 1.00
Water table factor :
S.no. Depth(m) Width(m) Z,/B w
1 3.00 2.00 -0.75 0.50
2 4,50 2.00 -1.50 0.50
3 6.00 2.00 -2.25 0.50
Safe Bearing Capacity
S.no. Depth(m) Width(m) SBC in (tYm?)
General shear-l Local shear Actual
1 3.00 2.00 29.89 10.25 16.15
2 4.50 2.00 32.93 11.30 17.79
3 6.00 2.00 35.96 12.34 19.42
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ANNEXURE - IV

Settlement Calculation As per 15 8009 (Part 1)
Major Bridge at Ch. 319/25-27, Bore hole no. Al

Footing Depth (m) 1.50
SBC (t/m2) 9.00
Average N value 17

Settlement for 10 /m2 (mm) 17.00
Settlement (mm) for SBC 15.30
Depth Correction 0.78
Corrected Settlement (mm) 11.9

Settlement Calculation As per IS 8009 (Part 1)

BH No. (AT) Major Bridge at Ch, 319/25-27
Depth of foundation = 1.5 m
Length of footing (L) = 2.0 m
Width of footing (B) = 2.0 m
Initial effective stress at mid of layer Po = 675 t/m’
Concentrated load P = 900 t/m’
Incerase in pressure at mid of layer AP = Pxlyg
Ig= 0.248
AP = 22 ¢m?
Compression Index Cc = 0.16
Thickness of clay layer H = 15 m
Initial Void ratio €, = 0.79
Po + A
—P_ = 13306667
Po
€e Po + AP
Settlement of clay layer 5 = v H log 1o —
5 = 0.016635 m
= 16.634987 mm

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

D/ (LB)A" = 0.61

D = Depth of Foundation
L/B = 1.00
Depth Factor = 0.67

Total Settlement of Rigid foundation

b E P 5
Rigidity Factor - ore water Preqsure " NA
correction

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
Si = 8.9 mm

Total settlement (mm) 20.9
CONSULTING
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ANNEXURE - IV

Settlement Calculation As per IS 8009 (Part 1)

BH No. (Al) Major Bridge at Ch. 319/25-27
Depth of foundation = 3.0 m
Length of footing (L) = 20 m
Width of footing (B) = 2.0 m
Initial effective stress at mid of layer Po B 6.75 t/ m’
Concentrated load P = 1100 t/m’
Incerase in pressure at mid of layer AP = Pxlg
Ip= 0248
AP - 27 o
Compression Index Ce - 0.16
Thickness of clay layer H = 15 m
Initial Void ratio e, = 0.79
Totap 1.4041481
Po
Ce Po + AP
Settlement of clay layer 5 e H log 1 R —
Sy = 0.0197649 m
= 19.764862 mm

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

D/(LB)A* = 0.61
D = Depth of Foundation
L/B = 100
Depth Factor = 0.67
Total Settlement of Rigid foundation
Rigidity Factor = Foe water pressure N.A.

correction
Total Settlement at the centre of Flexible foundation

= 0.8
0.85

n

Pore Pressure correction
Total Settlement

Sf x D.F.x R.F.x Pore Pr. Correction
Sp = 9.0 mm

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

Footing Depth (m) 3.00
SBC (/m2) 11.00
Average N value 25
Setilement for 10 /m2 (mm) 10.00
Total Settlement (mm} 11.00
Depth Correction 0.67
Rigidity Correction 0.8
Corrected Total Settlement

i 5.9
Total Settlement (mm) 14.9

CONSULTING
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ANNEXURE - IV

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

Location Major Bridge No. 361A (A1) I
Chainage 319/25-27
Bore Hole No. Al
Footing Depth (m) 4.50 Footing Depth (m) 6.00
SBC (t/m2) 27.00 SBC (tm2) 28.00
Average N value 25 Average N value 25
Settlement for 10 ¢/m2 (mm) 10.00 Settlement for 10 t/m2 (mm) 10.00
Total Settlement (mm) 27.00 Total Settlement (mm) 28.00
Depth Correction 0.73 Depth Correction 0.73
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
15.8 16.4
(mm) mm)
CONSULTING
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ANNEXURE - IV

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

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

|BH No. (A2 Major Bridge at Ch. 319/25-27
|Depth of foundation = 1.5 m
Length of footing (L) = 20 m
Width of footing (B) = 2.0 m
Initial effective stress at mid of layer Po = 675  t/m’
Concentrated load P = 10.00  t/m’
Incerase in pressure at mid of layer AP = Pxlg
Ig= 0.248
AP = 25 t/m’
Compression Index Cc = 0.08
Thickness of clay layer H = 15 m
Initial Void ratio e, = 0.52
fort 0p 13674074
Po
Ce Po + AP
Settlement of clay layer S R H log 1 OT
S5 = 0.0107288 m
= 10.728784 mm

Total Settlement

S 57 mm

D/(LB**® = 061
D = Depth of Foundation
L/B = 1.00
Depth Factor = 0.78
- _ Total Settlement of Rigid foundation
Rigrdity Factar Total Settlement at the centre of Flexible foundation
= 0.8
Pore Pressure correction = 0.85

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

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

Footing Depth (m) 1.50
SBC (t/m2) 10.00
Average N value 33
Settlement for 10 t/m2 (mm) 7.20
Total Settlement (mm) 7.20
Depth Correction 0.57
Rigidity Correction 0.8
Corrected Total Settlement

- 33
Total settlement (mm) 9.0
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ANNEXURE - IV

Settlement Calculation for Cohesionless Soil As per IS 8009 (Part 1)
Location Major Bridge No. 361A (A2) |
Chainage 319/25-27
Bore Hole No. A2
Footing Depth (m) 3.00 Footing Depth (m) 4.50
SBC (t/m2) 16.00 SBC (t/m2) 18.00
Average N value 34 Average N value 32
Settlement for 10 t/m2 (mm) 7.00 Settlement for 10 t/m2 (mm) 7.50
Total Settlement (mm) 11.20 Total Settlement (mm) 13.50
Depth Correction 0.67 Depth Correction 0.63
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
6.0 6.8
(mm) (mm)
Footing Depth (m) 6.00
SBC (t/m2) 19.00
Average N value 26
Settlement for 10 t/m2 (mm) 9.60
Total Settlement (mm) 18.24
Depth Correction 0.57
Rigidity Correction 0.8
Corrected Total Settlement
8.3
(mm)
- N
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Major Bridge No. 359

CHAPTER - 27

"Major Bridge No. 359",

Location - Existing Km. - 316/22-24
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177 Ve Cowes Mairre Wapa’ lhpur 17 iira
A R IG

€

o3

Page 310 of 513



fffff ..l.‘l‘l\a!...l.al.l\l“‘“(‘(((4‘(((“t(‘,‘tc“‘c..'



Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Major Bridge No. 359

271 LOCATION OF STRUCTURE:
Proposed Major Bridge of Span 1x18.3
27.2  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-TV.
(f) Depth of water Table 13.50m below EGL.
Subsurface profile at the site
BOREHOLE Depth Type of Soil/Rock Soil/Rock
No. (m) Characteristics
0.00 to 1.50 Sandy Silt Loose
1.50 to 3.00 Sandy Silt Medium Dense
BH-1 (A1) 3.00 to 13.50 Silty Sand Medium Dense
13.50 to 25.50 Silty Sand Dense
25.50 to 30.00 Silty Sand Very Dense
0.00 to 1.50 Sandy Silt Loose
1.50 to 3.00 Sandy Silt with Gravels Medium Dense
BH-2 (P2) 3.00 to 12.00 Silty Sand Medium Dense
12.00 to 25.50 Silty Sand Dense
25.50 to 30.00 Silty Sand Very Dense
0.00 to 1.50 Sandy Silt with Clay Loose
1.50 to 3.00 Silty Sand with Clay Medium Dense
BH-3 (A2) 3.00 to 10.50 Silty Sand Medium Dense
10.50 to 22.50 Silty Sand Dense
22.50 to 30.00 Silty Sand Very Dense
27.3 CHEMICAL ANALYSIS OF SOIL:
BOREHOLE CHEMICAL PROPERTIES
No. Depth pH Carbonate Chlorides Sulphate] Nitrate | Salinity
(m) % Y% %
BH-1 (A1) 3.00 8.90 0.012 0.0011 NIL 0.0009 0.023
6.00 9.00 0.017 0.0021 NIL 0.0011 0.031
BH-2 (P2) |— 3.00 8.30 0.002 0.0014 NIL 0.0010 0.030
6.00 9.10 0.017 0.0018 NIL 0.0012 0.020
3.00 8.40 NIL 0.0014 NIL 0.0010 0.021
BH-3 (A2) 6.00 9.40 0.022 0.0025 NIL 0.0013 0.043
18.00 8.80 0.015 0.0011 NIL 0.0010 0.020
24.00 9.40 0.030 0.0028 NIL 0.0014 0.046
- é'ﬁ v CONSULTING
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Geo-technical Investigation

Ludhiana-Ambala Section (DFCCIL)

Major Bridge No. 359

274  DIFFERENTIAL FREE SWELL INDEX (DFS)

Bore Hole No. Depth (m) DFS Index in %
3.00 NIL
BH-1 (A1) 6.00 NIL
22.50 NIL
3.00 NIL
BH-2 (P2) 6.00 NIL
18.00 NIL
3.00 NIL
B3 (A2 i5.00 NI
24.00 NIL

275 CHEMICAL ANALYSIS OF ENCOUNTERED WATER FROM BOREHOLE

pH |[Chloride|Sulphat|Organidlnorgani| Acidity |Alkalinity| Total |Conducti
Chemical Value s e Matter |c Matter| (ml) (ml) Disso. vity
Properties mg/lit | mg/lit | mg/lit | mg/lit Solids (mg)
(ppm)
Test 7.2 110 112 185 1125 0.1 4.0 1236 823
Result
Requirme Not | 2000 400 200 3000 | S5mlof | 25mlof - -
nt as per | less | for CC 0.02 0.02
1S: 456 / | then and norma | normal
Mosrth's | 6.0 | 500 for 1 H.50,
RCC NaoH
27.6 NET ALLOWABLE BEARING PRESSURE
Borehole No. Depth from EGL (m) Net Allowable Bearing
Pressure (t/m?)
1.50 8.00
3.00 10.00
BH-A1
450 11.00
2.00 12.00
1.50 16.00
3.00 20.00
B2 4.50 20.50
2.00 21.00
27.7 PILE LOAD CARRYING CAPACITY
R 3% ;;'; : E‘é gngh::esrsuﬁlhro{u: EIS
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Major Bridge No. 359

27.7.1 Normal Bored Cast in- situ Pile Foundations:
Normal bored cast in situ RCC pile foundation is envisaged for the
proposed bridge and have been analysed in the subsequent paragraphs.
The Axial load carrying capacity of Pile in Rock is determined as per IRC-
78: 2000 appendix-5.
The safe Load carrying capacities of piles have been worked out on the
basis of IRC-78 as per provision/assumptions provided therein.. For
calculating designed Capacity of pile recommendation of IS: 2911 should
be followed. The minimum factor of safety on ultimate axial capacity
should be as per clause 70932 of IRC 78: 2000.The final
design/construction of foundations, the safe /allowable load carrying
capacity of these piles should be taken by conducting actual initial load
tests on these piles casted in the respective area.
Further the piles should have necessary structural strength to
transmit/sustain the design load.
Pile load carrying capacity in t/m?
BH -NO. PILE DEPTH PILE CARRYING CAPACITY IN
TONNE
(mtr)
DIAMETER OF THE PILE 1.00 mtr
BH-1 (A1) 18.00 180.00
21.00 230.00
24.00 280.00
BH-2 (P2) 18.00 160.00
21.00 210.00
24.00 260.00
BH-3 (A2) 18.00 210.00
21.00 260.00
24.00 330.00

CONSULTING
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Major Bridge No. 359

27.8 CONCLUSIONS
e Subsurface Profiles indicates suitable Soil formation for foundations.

e Chemical contents of Water are within the safe limits for construction

purpose.

27.9 RECOMMENDATIONS

| ) | Type of foundation | Pile foundation |

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.

F 11 War Comsy Macys Kogar seges 1 MOLA
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ANNEXURE-I
Consulting Engineers Group Ltd., Jaipur Geotechnical Report

BORELOG OF BH—1(A1) AT EXISTING KM—316/22-24 FOR MAJOR BRIDGE NO.—359,
ON KESARI TO SANEHWAL, LUDHIANA

Depth (m) N-Volues RL-263.353

000 — - '

150 — 12

3.00 — e VIS

450

6,00 —UDS

7.50 — —21

10.50 — —2a5

12,00 —28

13,50 — —33

16.50 —38

18.00 —41

1950 . (145

2250 b — UDS

25.50 — 52

" LEGEND
28.50 60
SYMBOL DESCRIPTION
i m SANDY SILT
30,00 66 i R
5 o i #] | SILTY SAND
- ﬁ }
- é‘% Ll 7
W vv 3§ o CONSULTINGD
.. i itolsis
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ANNEXURE-I1

Consulting Engineers Group ILid., Jaipur Geotechnical Report

BORELOG OF BH—-2(P2) AT EXISTING KM—316/22-24 FOR MAJOR BRIDGE NO.—359,
ON KESARI TO SANEHWAL, LUDHIANA

D;-p'th md N-Values RL-262.891
.00

1.50

3.00 —

4.50

80999 99

6.00

7.50

10.50

12,00 —

13.50 —

16,50

18.00

SRR R,
OSSR,

19.50

2e.50—

£25.50—

LEGEND
SYMBOL DESCRIPTION

V/////% SANDY SILT

SANDY SILT WITH
GRAVELS

SILTY SAND

28,50 —

30,00
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ANNEXURE-II

Consulting Engineers Group Ltd., Jaipur Geotechnical Report
BORELOG OF BH—-3(A2) AT EXISTING KM—-316/22-24 FOR MAJOR BRIDGE NO.—359,
ON KESARI TO SANEHWAL, LUDHIANA
Depth (m N-Vaol o
ggo I S ues RL-262.766
150 —8 2S00 P
300 — 8 uDs
450 —<4 =17
6.00 — - UDS
7.50 — 22
10.50 — 30
12,00 34
1350 38
16.50 42
18.00 — UDS
19.50 46
22550 il 52
2400 . L UDS
2550 157 57
LEGEND
. - SYMBOL DESCRIPTION
28:50 ; —61 e SANDY SILT WITH
¢ 7 SILTY SAND WITH
30,00 68 ” 68 ?} Z; 3 J /m CLAY
P SILTY SAND

COMNSULTING
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Consulting Engiheers Group Ltd. Jaipur Geotechnical Repor

—— BORE HOLE DETAIL AT MAJOR BRIDGE NO. 359, CH.- 316/22-24 AMBALA

265
264
263

262 —

261 —
260 —
259
258
257 -

256
255
254
253
252
251
250 -
249
248
247 -
246
245
244
243
242
241
240
239
238
237
236
235
234

LEGEND

SYMBOL DESCRIPTION

£ SILTY SAND

i

232 VA | I
' |

|

|

233

231 ~

230 -

M CONSULTING
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ANNEXURE - lll

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

INPUT DATA Major Br. No. 359 BH-A1
Type of focting

1 Continuous Strip

2 Rectangular Continuous Strip 1

3 Square

4 Circular
Angle of internal friction (¢ °) 28.00
Cohesion (¢ in Ym2) 0.00
Void ratio (e) 0.73
Direction of load with vertical ) 0.00
Density of surcharge (Vm’) 1.66
Density of foundation sail (t/nT) 1.66
Depth of water table(m) 1.50
Factor of safety 3.00

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

1 1.50 2.00

2 3.00 2.00

3 4.50 2.00

4 6.00 2.00
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
Qo = NeScdeic +q (Ng1) sqdgig + (1/2) By N, s, d, i, W

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

q'q=(2/3) c N'gscdoic + q (N'g1) sqdgig + (1/2) By N s, d, i, W
Where,

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

dy=d, =1for¢ <10°

do,=d =1+0.1(D/B)*SQRT(N,) for¢ >10°

N, = tan’(a/d +/2)

' for local shear failure = tari ( 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
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Bearing capacity factors :

ANNEXURE - il

) 28.00 ¢ 19.61
Ne 26.37 N'c 14.53
Ng 15.30 N'g 6.21
N, 17.79 N', 5.18
Shape factors :
S.no. Width{m) S. S S,
9 2.00 1.00 1.00 1.00
2 2.00 1.00 1.00 1.00
3 2.00 1.00 1.00 1.00
4 2.00 1.00 1.00 1.00
Depth factors :
S.no. Depth(m) Width{m) dc d, a5
1 1.50 2.00 1.25 1.12 1.12
P 3.00 2.00 1.50 1.25 1.25
3 4.50 2.00 1.75 1.37 1.37
4 6.00 2.00 2.00 1.50 1.50
Inclination factors :
i.= (1-u/90)° iq = (1-/ 90) ° i, =(1-a/ )’
1.00 1.00
Water table factor :
S.no. Depth(m) Width{m) Z./B w
1 1.50 2.00 0.00 0.50
2 3.00 2.00 -0.75 0.50
3 4.50 2.00 -1.50 0.50
4 8.00 2.00 -2.25 0.50
Safe Bearing Capacity
S.no. Depth(m) Width{m) SBC in (tu'rnz)
General shearl Local shear Actual
1 1.50 2.00 18.89 6.47 7.71
2 3.00 2.00 25.93 8.99 10.68
3 4.50 2.00 28.52 9.89 11.75
4 6.00 2.00 31.11 10.79 12.82

- 3233

-
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ANNEXURE - il

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

INPUT DATA Major Br No. 359 BH-A2
Type of footing

1 Continuous Strip

2 Rectangular Continuous Strip 1

3 Square

4 Circular
Angle of internal friction ( °) 28.00
Cohesion {c in Ym2) 0.00
Void ratio () 0.60
Direction of load with vertical () 0.00
Density of surcharge (') 1.70
Density of foundation soil (t/m) 1.74
Depth of water table(m) 1.50
Factor of safety 3.00

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

1 1.50 2.00

2 3.00 2.00

3 4.50 2.00

4 6.00 2.00

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 = € Nescdeic + g (Ng-1) qdgiq + (1/2) By N,s, d i, W

The ultimate net bearing capacity in case of local shear failure is given by
Q'q = (2/3) c N'cs.deic + q (N'¢-1) 5qdgig + (1/2) By 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,) foré >10°
N, = tan’(m/d +§/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.

a
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Bearing capacity factors :

ANNEXURE - Il

0 28.00 ¢' 19.61
N 26.37 N, 14.53
Ng 15.30 N'g 6.21
N, 17.79 N, 5.18
Shape factors :
S.no. Width(m) S 8 S,
4 2.00 1.00 1.00 1.00
2 2.00 1.00 1.00 1.00
3 2.00 1.00 1.00 1.00
4 2.00 1.00 1.00 1.00
Depth factors :
S.no. Depth(m) Width(m) de d, d,
1 1.60 2.00 1.25 112 112
2 3.00 2.00 1.50 1.25 1.25
3 4.50 2.00 1.75 1.37 1.37
4 6.00 2.00 2.00 1.50 1.50
Inclination factors :
io= (1-0/90)° ig= (1 /90) ? i,=(1-al$)’?
1.00 1.00
Water table factor :
S.no. Depth(m) Width(m) Z,/B w
1 1.50 2.00 0.00 0.50
2 3.00 2.00 -0.75 0.50
3 450 2.00 -1.50 0.50
4 6.00 2.00 -2.25 0.50
Safe Bearing Capacity
S.no. Depth(m) Width(m) SBC in (Um?)
General shearl Local shear Actual
1 1.50 2.00 19.48 6.67 16.28
2 3.00 2.00 26.71 9.25 22.34
3 4.50 2.00 29.37 10.17 24.57
4 6.00 2.00 32.04 11.10 26.81

Page 326 of 513

f

CONSULTING
Englineers Group Lid




ANNEXURE - IV

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

LY
L]
&3

-

Page 327 of 513

Location Major Bridge No. 359 (A1) |
Chainage 316/22-24
Bore Hole No. Al

Footing Depth (m) 1.50 Footing Depth (m) 3.00
SBC (t/m2) 8.00 SBC (t/m2) 10.00

Average N value 16 Average N value 17
Settlement for 10 t/m2 (mm) 18.00 Settlement for 10 t/m2 (mm) 17.00
Total Settlement (mm) 14.40 Total Settlement (mm) 17.00
Depth Correction 0.78 Depth Correction 0.67

Rigidity Correction 0.8 Rigidity Correction 0.8

Corrected Total Settlement 9.0 Corrected Total Settlement 01

(mm) {mm)

Footing Depth (m) 4,50 Footing Depth (m) 6,00
SBC (t/m2) 11.00 SBC (t/m2) 12.00

Average N value 17 Average N value 17
Settlement for 10 ¢/m2 (mm) 17.00 Settlement for 10 /m2 (mm) 17.00
Total Settlement (mm) 18.70 Total Settlement (mm) 20.40
Depth Correction 0.63 Depth Correction 0.57

Rigidity Correction 0.8 Rigidity Correction 0.8

Corrected Total Settlement Corrected Total Setilement
S 9.4 () 9.3

€3
<5
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ANNEXURE - IV

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

Location Major Bridge No. 359 (P2) |
Chainage 316/22-24
Bore Hole No. P2
Footing Depth (m) 3.00 Footing Depth (m) 4.50
SBC (t/m2) 9.50 SBC (t/m2) 10.50
Average N value 15 Average N value 15
Settlement for 10 ¥/m?2 (mm) 19.00 Settlement for 10 m?2 (mm) 19.00
Total Settlement (mm) 18.05 Total Settlement (mm) 19.95
Depth Correction 0.67 Depth Correction 0.63
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
9.7 10.1
(mm) (mm)
Footing Depth (m) 6.00
SBC (t/m2) 11.00
Average N value 16
Settlement for 10 ¢/m2 (mm) 18.00
Total Settlement (mm) 19.80
Depth Correction 0.57
Rigidity Correction 0.8
Corrected Total Settlement
9.0
(mm)
” ﬂﬂ"’? CONSULTING
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ANNEXURE - IV

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

Location Major Bridge No. 359 (A2) |
Chainage 316/22-24
Bore Hole No. A2
Footing Depth (m) 1.50 Footing Depth (m) 3.00
SBC (t/m2) 16.00 SBC (t/m2) 20.00
Average N value 17 Average N value 18
Settlement for 10 #/m2 (mm) 17.00 Settlement for 10 ¥/m2 (mm) 16.00
Total Settlement (mm) 27.20 Total Settlement (mm) 32.00
Depth Correction 0.78 Depth Correction 0.67
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
17.0 17.2
(mm) (mm)
Footing Depth (m) 4,50 Footing Depth (m) 6.00
SBC (t/m2) 20.50 SBC (t/m2) 21.00
Average N value 18 Average N value 19
Settlement for 10 /m2 (mm) 16.00 Settlement for 10 ¢/m2 (mm) 15.00
Total Settlement (mm) 32.80 Total Settlement (mm) 31.50
Depth Correction 0.63 Depth Correction 0.57
Rigidity Correction 0.8 Rigidity Correction 0.8
Corrected Total Settlement Corrected Total Settlement
16.5 144
(mm) (mm)

| }
1
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Geo-technical Investigation Report Ludhiana-Ambala Section DECCIL

‘ALIGNMENT’
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Geo-technical Investigation Ludhiana-Ambala Section (DFCCIL) Alignment No. 358/1

CHAPTER - 28

"Alignment",

Location ~ Existing Km. - 358/1
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