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FOREWORD 

General Conditions Relating To Site Investigation 

This geotechnical investigation has been devised to generally comply with the relevant principles and 
requirements of BS EN 1997-1:2004, ‘Eurocode 7: Geotechnical design - Part 1: General rules’ and BS EN 
1997-2:2007, ‘Eurocode 7 - Geotechnical design - Part 2: Ground investigation and testing’. 

Boring, sampling and field test procedures are undertaken in accordance with BS 5930:2015 ‘Code of 
Practice for Ground Investigations’ and other applicable standards as referenced. Likewise in-situ and 
laboratory testing complies with BS1377:1990, ‘Methods of Tests for Soils for Civil Engineering Purposes’, 
unless stated otherwise in the text.  

The groundwater conditions entered on the drilling records are those observed at the time of investigation. 
The normal rate of drilling does not necessarily permit the recording of an equilibrium water level for any 
one water strike. Moreover, groundwater levels are subject to seasonal variation or changes in local 
drainage conditions. 

Some items of the investigation have been provided by third parties and whilst  have no 
reason to doubt the accuracy, the items relied on have not been verified. No responsibility can be accepted 
for errors within third party items presented in this report.  

The opinions expressed in this report are based on the ground conditions revealed by the site works, 
together with an assessment of the site and of laboratory test results. Whilst opinions may be expressed 
relating to sub-soil conditions in parts of the site not investigated, for example between exploratory 
positions, these are only for guidance and no liability can be accepted for their accuracy. 

This report is produced for the benefit of the client alone.  No responsibility can be accepted for any 
consequences of this information being passed to a third party who may act upon its 
contents/recommendations. 

This report is produced in accordance with the scope of  appointment and is subject to 
the terms of appointment.  accepts no liability for any use of this document other than by 
its client and only for the purposes, for which it was designed and produced. No responsibility can be 
accepted for any consequences of this information being passed to a third party who may act upon its 
contents/recommendations.  

Any advice, opinions, or recommendations within this document should be read and relied upon only in 
the context of the document as a whole. The contents of this document are not to be construed as 
providing legal, business or tax advice or opinion. 
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4 FOUNDATION ASSESSMENT 

The proposed development will comprise a series of foundation bases which are required to support a 
number of new pipework valves and infrastructure within the Kings Lynn Compressor Station. From 
drawing 341-GEN-7210-1001, sheets 1 to 3 supplied by the client, the following foundations are 
currently proposed: 

 9no 3.5m x 1.5m, vertical load 500kN. 

 4no 4.0m x 4.0m, vertical load 1,000kN. 

 1no 7.0m x 3.0m, vertical load 2,400kN. 

 2no 6.0m x 4.0m, vertical load 2,800kN. 

 1no. 15.0m x 5.0m plus 4.0m x 4.0m, vertical load 8,400kN. 

Due to the requirement to connect the proposed pipework to existing infrastructure already present within 
the compound, the primary concern with new foundations will be to limit differential settlement which will 
occur following construction. For the purposes of initial design it is assumed that any ongoing 
consolidation settlement of the existing infrastructure has essentially reduced close to zero. As such, any 
differential movement between the existing and proposed infrastructure will be as a result of settlement in 
the new foundations. 

For cost reasons, a shallow foundation solution is the most attractive solution however, this will result in 
the risk of higher settlements occurring in the short to long term. The maximum allowable degree of 
settlement has not been indicated by the client at this stage. The alternative foundation solution which 
would result in a reduced magnitude of settlement would be through the use of piles. Proposed pile 
locations and spacing’s are presented on drawing 341-GEN-7210-1001 and comprise anticipated 
maximum loads of 250kN, 400kN and 700kN. 

Shallow pad/raft or piled foundations will be constructed in the shallow River Terrace Deposits and 
underlying Nar Valley Formation (clay, lignite and gravels). It is considered unlikely that the construction 
of piled foundations would need to penetrate into the Varved Clays which underlie the site at depths in 
excess of around 26mbgl. 

Preliminary calculations have been undertaken to determine acceptability of such foundations with respect 
to bearing resistance and settlement in accordance with BS EN 1997-1 2004+A1:2013. 

Groundwater may be encountered in shallow excavations (<1.5m depth) with an increased risk during the 
winter months. Deeper excavations will encounter groundwater as equilibrium levels have been recorded 
at approximately 1.36mbgl. Risk of groundwater inflows will exist where confined granular strata are 
encountered, particularly during piling operations. It should be appreciated that groundwater levels may 
fluctuate due to seasonal variation in rainfall. 

4.1  Shallow Pad/Raft Foundation 

Outline analysis carried out in accordance with Design Approach 1, Combination 1 shallow foundation. 
For the purposes of initial design, the assessment of Location 14 has been simplified to represent a 
rectangular base of equivalent area (91m2) with overall dimensions of 15.0m x 6.07m. All other foundation 
bases have been assessed as required. For design purposes, ground conditions are assumed to be most 
closely represented by those encountered within BH3, which is located close to foundation location 06, 08 
and 09, and within the area where the majority of foundations are proposed. In addition, ground conditions 
appear to be relatively consistent across the site with only relatively minor variations in the depths of 
stratum boundaries. 

Foundations are assumed to be 1.0m thick and constructed at a depth of 1.0m bgl with the top of the 
foundation coincident with existing ground level. Proposed foundation loads have been calculated on the 
sum of maximum pile loads at each location as indicated on drawing 341-GEN-7210-1001. 

Although there are a total of 17no foundations, there are 5no types requiring assessment for bearing 
capacity and settlement. The results of the analyses are presented in Table 4.1 below, with full results 
presented in the Appendix.  
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No. Name Pattern
ef
[°]

cef

[kPa]


[kN/m3]

su
[kN/m3]


[°]

4

5

6

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

12.00

38.00

24.00

500.00

0.00

5.00

11.80

20.00

20.00

1.80

10.00

10.00

All soils are considered as cohesionless for at rest pressure analysis.
 
Soil parameters

Made Ground
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

16.00
21.00
0.00
4.00

16.00

kN/m3

°
kPa
MPa
kN/m3

 
River Terrace Deposits
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

18.00
32.00
0.00

30.00
18.00

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Clay)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

19.10
24.00
0.00
8.00

19.10

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Lignite)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

11.80
12.00

500.00
10.00
11.80

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Sand and Gravel)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

20.00
38.00
0.00

200.00
20.00

kN/m3

°
kPa
MPa
kN/m3

 
Varved Clay
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :


ef
cef
Eoed

=
=
=
=

20.00
24.00
5.00

14.00

kN/m3

°
kPa
MPa
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Saturated unit weight : sat = 20.00 kN/m3

 
Foundation

Foundation type: centric spread footing
Depth from original ground surface
Depth of footing bottom
Foundation thickness
Incl. of finished grade
Incl. of footing bottom

hz
d
t
s1
s2

=
=
=
=
=

1.00
1.00
1.00
0.00
0.00

m
m
m
°
°

Unit weight of soil above foundation = 20.00 kN/m3

 
Geometry of structure

Foundation type: centric spread footing
Spread footing length
Spread footing width
Column width in the direction of x
Column width in the direction of y
Spread footing volume

x
y
cx
cy

=
=
=
=
=

6.00
4.00
4.00
0.50

24.00

m
m
m
m
m3

 
Name : Geometry Stage - analysis : 1 - 0

+x

+
y

 6.00 

 4.00 

 1.000  4.00  1.000 

 1.750 

 0.50 

 1.750 

Material of structure

Unit weight  = 25.00 kN/m3

Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 20/25
Cylinder compressive strength
Tensile strength
Elasticity modulus

fck
fctm
Ecm

=
=
=

20.00
2.20

30000.00

MPa
MPa
MPa

Longitudinal steel : B500
Yield strength fyk = 500.00 MPa

Transverse steel: B500
Yield strength fyk = 500.00 MPa
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Geological profile and assigned soils

No.
Layer

[m]
Assigned soil Pattern

1

2

3

4

5

6

7

8

0.60

1.90

11.00

1.50

9.80

17.20

8.00

-

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

Varved Clay

Varved Clay

Load

No.
Load

new change
Name Type

N

[kN]

Mx

[kNm]

My

[kNm]

Hx
[kN]

Hy
[kN]

1
2

Yes
Yes

Load No. 1
Load No. 2

Design
Service

2800.00
2800.00

0.00
0.00

0.00
0.00

0.00
0.00

100.00
100.00

Ground water table

The ground water table is at a depth of 0.00 m from the original terrain.
 
Global settings

Type of analysis : analysis for drained conditions
 
Settings of the stage of construction

Design situation : permanent
 

Verification No. 1
Load case verification

Name
Self w.

in favor

ex
[m]

ey
[m]


[kPa]

Rd
[kPa]

Utilization

[%]
Is satisfied

Load No. 1
Load No. 1
Load No. 2
Load No. 2

Yes
No
Yes
No

0.00
0.00
0.00
0.00

-0.03
-0.03
-0.03
-0.03

133.78
139.03
133.78
133.78

225.17
225.86
117.29
117.29

59.41
61.56

114.07
114.07

Yes
Yes
No
No

Analysis carried out with automatic selection of the most unfavourable load cases.
 
Computed weight of spread footing
Computed weight of overburden

G
Z

=
=

360.00
0.00

kN
kN

Vertical bearing capacity check

Shape of contact stress : rectangle
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Most unfavorable load case No. 2. (Load No. 2)

Parameters of slip surface below foundation:
Depth of slip surface
Length of slip surface

zsp
lsp

=
=

5.52
15.63

m
m

 
Design bearing capacity of found.soil
Extreme contact stress

Rd


=
=

117.29
133.78

kPa
kPa

Bearing capacity in the vertical direction is NOT SATISFACTORY
 
Verification of load eccentricity

Max. eccentricity in direction of base length
Max. eccentricity in direction of base width
Max. overall eccentricity

ex
ey
et

=
=
=

0.000<0.333
0.008<0.333
0.008<0.333

Eccentricity of load is SATISFACTORY
 
Horizontal bearing capacity check

Most unfavorable load case No. 2. (Load No. 2)

Earth resistance: at rest
Design magnitude of earth resistance Spd = 6.68 kN

Horizontal bearing capacity
Extreme horizontal force

Rdh
H

=
=

1586.35
100.00

kN
kN

Bearing capacity in the horizontal direction is SATISFACTORY

Bearing capacity of foundation is NOT SATISFACTORY
 

Verification No. 1
Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient 1 (influence of foundation depth).
Stress at the footing bottom considered from the finished grade.
 
Computed weight of spread footing
Computed weight of overburden

G
Z

=
=

360.00
0.00

kN
kN

Settlement and rotation of foundation - partial results

Layer

No.

Origin

[m]

End

[m]

Thickness

[m]

Edef

[MPa]

or
[kPa]

z
[kPa]

Settlement

[mm]
1
2
3
4
5
6
7
8
9
10
11

1.00
1.05
1.10
1.15
1.20
1.25
1.30
1.40
1.50
1.60
1.70

1.05
1.10
1.15
1.20
1.25
1.30
1.40
1.50
1.60
1.70
1.80

0.05
0.05
0.05
0.05
0.05
0.05
0.10
0.10
0.10
0.10
0.10

1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.75

7.00
7.40
7.80
8.20
8.60
9.00
9.60

10.40
11.20
12.00
12.80

124.81
124.43
123.35
121.40
118.67
115.37
109.81
102.32
95.29
89.01
83.54

0.21
0.21
0.21
0.20
0.20
0.19
0.37
0.34
0.32
0.30
0.28
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Layer

No.

Origin

[m]

End

[m]

Thickness

[m]

Edef

[MPa]

or
[kPa]

z
[kPa]

Settlement

[mm]
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

1.80
1.90
2.15
2.40
2.50
2.65
2.90
3.15
3.40
3.90
4.40
4.90
5.40
5.90
6.40
7.40
8.40
9.40

10.40

1.90
2.15
2.40
2.50
2.65
2.90
3.15
3.40
3.90
4.40
4.90
5.40
5.90
6.40
7.40
8.40
9.40

10.40
11.29

0.10
0.25
0.25
0.10
0.15
0.25
0.25
0.25
0.50
0.50
0.50
0.50
0.50
0.50
1.00
1.00
1.00
1.00
0.89

1.75
1.75
1.75
1.75
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47

13.60
15.00
17.00
18.40
19.48
21.30
23.58
25.85
29.27
33.82
38.37
42.92
47.47
52.02
58.84
67.94
77.04
86.14
94.74

78.80
72.23
64.61
60.34
57.79
54.16
50.27
46.92
42.70
37.83
33.72
30.19
27.12
24.45
21.13
17.46
14.59
12.32
10.59

0.26
0.60
0.54
0.20
1.08
1.69
1.57
1.47
2.67
2.36
2.11
1.89
1.70
1.53
2.64
2.18
1.82
1.54
1.04

Settlement of mid point of edge x - 1
Settlement of mid point of edge x - 2
Settlement of mid point of edge y - 1
Settlement of mid point of edge y - 2
Settlement of foundation center point
Settlement of characteristic point

=
=
=
=
=
=

33.1
32.2
28.3
28.3
45.9
31.7

mm
mm
mm
mm
mm
mm

(1-max.compressed edge; 2-min.compressed edge)
 
Settlement and rotation of foundation - results

Foundation stiffness:
Computed weighted average modulus of deformation Edef = 0.92 MPa
Foundation in the longitudinal direction is rigid (k=150.92)
Foundation in the direction of width is rigid (k=509.36)
 
Verification of load eccentricity

Max. eccentricity in direction of base length
Max. eccentricity in direction of base width
Max. overall eccentricity

ex
ey
et

=
=
=

0.000<0.333
0.008<0.333
0.008<0.333

Eccentricity of load is SATISFACTORY

Overall settlement and rotation of foundation:
Foundation settlement
Depth of influence zone

=
=

31.7
10.29

mm
m

Rotation in direction of x = 0.000 (tan*1000); (3.4E-17 °)
Rotation in direction of y = 0.224 (tan*1000); (1.3E-02 °)
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No. Name Pattern
ef
[°]

cef

[kPa]


[kN/m3]

su
[kN/m3]


[°]

4

5

6

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

12.00

38.00

24.00

500.00

0.00

5.00

11.80

20.00

20.00

1.80

10.00

10.00

All soils are considered as cohesionless for at rest pressure analysis.
 
Soil parameters

Made Ground
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

16.00
21.00
0.00
4.00

16.00

kN/m3

°
kPa
MPa
kN/m3

 
River Terrace Deposits
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

18.00
32.00
0.00

30.00
18.00

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Clay)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

19.10
24.00
0.00
8.00

19.10

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Lignite)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

11.80
12.00

500.00
10.00
11.80

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Sand and Gravel)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

20.00
38.00
0.00

200.00
20.00

kN/m3

°
kPa
MPa
kN/m3

 
Varved Clay
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :


ef
cef
Eoed

=
=
=
=

20.00
24.00
5.00

14.00

kN/m3

°
kPa
MPa
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Saturated unit weight : sat = 20.00 kN/m3

 
Foundation

Foundation type: centric spread footing
Depth from original ground surface
Depth of footing bottom
Foundation thickness
Incl. of finished grade
Incl. of footing bottom

hz
d
t
s1
s2

=
=
=
=
=

1.00
1.00
1.00
0.00
0.00

m
m
m
°
°

Unit weight of soil above foundation = 20.00 kN/m3

 
Geometry of structure

Foundation type: centric spread footing
Spread footing length
Spread footing width
Column width in the direction of x
Column width in the direction of y
Spread footing volume

x
y
cx
cy

=
=
=
=
=

7.00
3.00
5.00
0.50

21.00

m
m
m
m
m3

 
Name : Geometry Stage - analysis : 1 - 0

+x

+
y

 7.00 

 3.00 

 1.000  5.00  1.000 

 1.250 

 0.50 

 1.250 

Material of structure

Unit weight  = 25.00 kN/m3

Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 20/25
Cylinder compressive strength
Tensile strength
Elasticity modulus

fck
fctm
Ecm

=
=
=

20.00
2.20

30000.00

MPa
MPa
MPa

Longitudinal steel : B500
Yield strength fyk = 500.00 MPa

Transverse steel: B500
Yield strength fyk = 500.00 MPa
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Geological profile and assigned soils

No.
Layer

[m]
Assigned soil Pattern

1

2

3

4

5

6

7

8

0.60

1.90

11.00

1.50

9.80

17.20

8.00

-

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

Varved Clay

Varved Clay

Load

No.
Load

new change
Name Type

N

[kN]

Mx

[kNm]

My

[kNm]

Hx
[kN]

Hy
[kN]

1
2

Yes
Yes

Load No. 1
Load No. 2

Design
Service

2400.00
2400.00

0.00
0.00

0.00
0.00

0.00
0.00

100.00
100.00

Ground water table

The ground water table is at a depth of 0.00 m from the original terrain.
 
Global settings

Type of analysis : analysis for drained conditions
 
Settings of the stage of construction

Design situation : permanent
 

Verification No. 1
Load case verification

Name
Self w.

in favor

ex
[m]

ey
[m]


[kPa]

Rd
[kPa]

Utilization

[%]
Is satisfied

Load No. 1
Load No. 1
Load No. 2
Load No. 2

Yes
No
Yes
No

0.00
0.00
0.00
0.00

-0.04
-0.04
-0.04
-0.04

132.54
137.79
132.54
132.54

203.58
204.37
106.38
106.38

65.11
67.42

124.59
124.59

Yes
Yes
No
No

Analysis carried out with automatic selection of the most unfavourable load cases.
 
Computed weight of spread footing
Computed weight of overburden

G
Z

=
=

315.00
0.00

kN
kN

Vertical bearing capacity check

Shape of contact stress : rectangle
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Most unfavorable load case No. 2. (Load No. 2)

Parameters of slip surface below foundation:
Depth of slip surface
Length of slip surface

zsp
lsp

=
=

4.22
12.03

m
m

 
Design bearing capacity of found.soil
Extreme contact stress

Rd


=
=

106.38
132.54

kPa
kPa

Bearing capacity in the vertical direction is NOT SATISFACTORY
 
Verification of load eccentricity

Max. eccentricity in direction of base length
Max. eccentricity in direction of base width
Max. overall eccentricity

ex
ey
et

=
=
=

0.000<0.333
0.012<0.333
0.012<0.333

Eccentricity of load is SATISFACTORY
 
Horizontal bearing capacity check

Most unfavorable load case No. 2. (Load No. 2)

Earth resistance: at rest
Design magnitude of earth resistance Spd = 5.01 kN

Horizontal bearing capacity
Extreme horizontal force

Rdh
H

=
=

1362.23
100.00

kN
kN

Bearing capacity in the horizontal direction is SATISFACTORY

Bearing capacity of foundation is NOT SATISFACTORY
 

Verification No. 1
Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient 1 (influence of foundation depth).
Stress at the footing bottom considered from the finished grade.
 
Computed weight of spread footing
Computed weight of overburden

G
Z

=
=

315.00
0.00

kN
kN

Settlement and rotation of foundation - partial results

Layer

No.

Origin

[m]

End

[m]

Thickness

[m]

Edef

[MPa]

or
[kPa]

z
[kPa]

Settlement

[mm]
1
2
3
4
5
6
7
8
9
10
11

1.00
1.05
1.10
1.15
1.20
1.25
1.30
1.40
1.50
1.60
1.70

1.05
1.10
1.15
1.20
1.25
1.30
1.40
1.50
1.60
1.70
1.80

0.05
0.05
0.05
0.05
0.05
0.05
0.10
0.10
0.10
0.10
0.10

1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.75

7.00
7.40
7.80
8.20
8.60
9.00
9.60

10.40
11.20
12.00
12.80

122.38
121.68
119.84
116.84
113.09
108.99
102.88
95.28
88.62
82.87
77.91

0.20
0.20
0.20
0.19
0.19
0.18
0.34
0.32
0.30
0.28
0.26
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Layer

No.

Origin

[m]

End

[m]

Thickness

[m]

Edef

[MPa]

or
[kPa]

z
[kPa]

Settlement

[mm]
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

1.80
1.90
2.15
2.40
2.50
2.65
2.90
3.15
3.40
3.90
4.40
4.90
5.40
5.90
6.40
7.40
8.40
9.40

10.40

1.90
2.15
2.40
2.50
2.65
2.90
3.15
3.40
3.90
4.40
4.90
5.40
5.90
6.40
7.40
8.40
9.40

10.40
10.61

0.10
0.25
0.25
0.10
0.15
0.25
0.25
0.25
0.50
0.50
0.50
0.50
0.50
0.50
1.00
1.00
1.00
1.00
0.21

1.75
1.75
1.75
1.75
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47

13.60
15.00
17.00
18.40
19.48
21.30
23.58
25.85
29.27
33.82
38.37
42.92
47.47
52.02
58.84
67.94
77.04
86.14
91.67

73.59
67.49
60.25
56.08
53.53
49.86
45.90
42.47
38.18
33.32
29.34
26.02
23.22
20.82
17.92
14.75
12.31
10.40
9.41

0.25
0.56
0.50
0.19
1.00
1.56
1.43
1.33
2.39
2.08
1.83
1.63
1.45
1.30
2.24
1.84
1.54
1.30
0.05

Settlement of mid point of edge x - 1
Settlement of mid point of edge x - 2
Settlement of mid point of edge y - 1
Settlement of mid point of edge y - 2
Settlement of foundation center point
Settlement of characteristic point

=
=
=
=
=
=

30.0
29.0
22.4
22.4
38.8
27.1

mm
mm
mm
mm
mm
mm

(1-max.compressed edge; 2-min.compressed edge)
 
Settlement and rotation of foundation - results

Foundation stiffness:
Computed weighted average modulus of deformation Edef = 0.95 MPa
Foundation in the longitudinal direction is rigid (k=91.98)
Foundation in the direction of width is rigid (k=1168.46)
 
Verification of load eccentricity

Max. eccentricity in direction of base length
Max. eccentricity in direction of base width
Max. overall eccentricity

ex
ey
et

=
=
=

0.000<0.333
0.012<0.333
0.012<0.333

Eccentricity of load is SATISFACTORY

Overall settlement and rotation of foundation:
Foundation settlement
Depth of influence zone

=
=

27.1
9.61

mm
m

Rotation in direction of x = 0.000 (tan*1000); (5.8E-17 °)
Rotation in direction of y = 0.326 (tan*1000); (1.9E-02 °)
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No. Name Pattern
ef
[°]

cef

[kPa]


[kN/m3]

su
[kN/m3]


[°]

4

5

6

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

12.00

38.00

24.00

500.00

0.00

5.00

11.80

20.00

20.00

1.80

10.00

10.00

All soils are considered as cohesionless for at rest pressure analysis.
 
Soil parameters

Made Ground
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

16.00
21.00
0.00
4.00

16.00

kN/m3

°
kPa
MPa
kN/m3

 
River Terrace Deposits
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

18.00
32.00
0.00

30.00
18.00

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Clay)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

19.10
24.00
0.00
8.00

19.10

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Lignite)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

11.80
12.00

500.00
10.00
11.80

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Sand and Gravel)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

20.00
38.00
0.00

200.00
20.00

kN/m3

°
kPa
MPa
kN/m3

 
Varved Clay
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :


ef
cef
Eoed

=
=
=
=

20.00
24.00
5.00

14.00

kN/m3

°
kPa
MPa
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Saturated unit weight : sat = 20.00 kN/m3

 
Foundation

Foundation type: centric spread footing
Depth from original ground surface
Depth of footing bottom
Foundation thickness
Incl. of finished grade
Incl. of footing bottom

hz
d
t
s1
s2

=
=
=
=
=

1.00
1.00
1.00
0.00
0.00

m
m
m
°
°

Unit weight of soil above foundation = 20.00 kN/m3

 
Geometry of structure

Foundation type: centric spread footing
Spread footing length
Spread footing width
Column width in the direction of x
Column width in the direction of y
Spread footing volume

x
y
cx
cy

=
=
=
=
=

3.50
1.50
2.00
0.30
5.25

m
m
m
m
m3

 
Name : Geometry Stage - analysis : 1 - 0

+x

+
y

 3.50 

 1.50 

 0.750  2.00  0.750 

 0.600 

 0.30 

 0.600 

Material of structure

Unit weight  = 25.00 kN/m3

Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 20/25
Cylinder compressive strength
Tensile strength
Elasticity modulus

fck
fctm
Ecm

=
=
=

20.00
2.20

30000.00

MPa
MPa
MPa

Longitudinal steel : B500
Yield strength fyk = 500.00 MPa

Transverse steel: B500
Yield strength fyk = 500.00 MPa
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Geological profile and assigned soils

No.
Layer

[m]
Assigned soil Pattern

1

2

3

4

5

6

7

8

0.60

1.90

11.00

1.50

9.80

17.20

8.00

-

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

Varved Clay

Varved Clay

Load

No.
Load

new change
Name Type

N

[kN]

Mx

[kNm]

My

[kNm]

Hx
[kN]

Hy
[kN]

1
2

Yes
Yes

Load No. 1
Load No. 2

Design
Service

500.00
500.00

0.00
0.00

0.00
0.00

0.00
0.00

100.00
100.00

Ground water table

The ground water table is at a depth of 0.00 m from the original terrain.
 
Global settings

Type of analysis : analysis for drained conditions
 
Settings of the stage of construction

Design situation : permanent
 

Verification No. 1
Load case verification

Name
Self w.

in favor

ex
[m]

ey
[m]


[kPa]

Rd
[kPa]

Utilization

[%]
Is satisfied

Load No. 1
Load No. 1
Load No. 2
Load No. 2

Yes
No
Yes
No

0.00
0.00
0.00
0.00

-0.17
-0.16
-0.17
-0.17

143.24
148.04
143.24
143.24

128.88
132.15
68.48
68.48

111.14
112.03
209.15
209.15

No
No
No
No

Analysis carried out with automatic selection of the most unfavourable load cases.
 
Computed weight of spread footing
Computed weight of overburden

G
Z

=
=

78.75
0.00

kN
kN

Vertical bearing capacity check

Shape of contact stress : rectangle
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Most unfavorable load case No. 2. (Load No. 2)

Parameters of slip surface below foundation:
Depth of slip surface
Length of slip surface

zsp
lsp

=
=

2.26
6.68

m
m

 
Design bearing capacity of found.soil
Extreme contact stress

Rd


=
=

68.48
143.24

kPa
kPa

Bearing capacity in the vertical direction is NOT SATISFACTORY
 
Verification of load eccentricity

Max. eccentricity in direction of base length
Max. eccentricity in direction of base width
Max. overall eccentricity

ex
ey
et

=
=
=

0.000<0.333
0.115<0.333
0.115<0.333

Eccentricity of load is SATISFACTORY
 
Horizontal bearing capacity check

Most unfavorable load case No. 2. (Load No. 2)

Earth resistance: at rest
Design magnitude of earth resistance Spd = 2.51 kN

Horizontal bearing capacity
Extreme horizontal force

Rdh
H

=
=

291.82
100.00

kN
kN

Bearing capacity in the horizontal direction is SATISFACTORY

Bearing capacity of foundation is NOT SATISFACTORY
 

Verification No. 1
Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient 1 (influence of foundation depth).
Stress at the footing bottom considered from the finished grade.
 
Computed weight of spread footing
Computed weight of overburden

G
Z

=
=

78.75
0.00

kN
kN

Settlement and rotation of foundation - partial results

Layer

No.

Origin

[m]

End

[m]

Thickness

[m]

Edef

[MPa]

or
[kPa]

z
[kPa]

Settlement

[mm]
1
2
3
4
5
6
7
8
9
10
11

1.00
1.05
1.10
1.15
1.20
1.25
1.30
1.40
1.50
1.60
1.70

1.05
1.10
1.15
1.20
1.25
1.30
1.40
1.50
1.60
1.70
1.80

0.05
0.05
0.05
0.05
0.05
0.05
0.10
0.10
0.10
0.10
0.10

18.69
18.69
18.69
18.69
18.69
18.69
18.69
18.69
18.69
18.69
18.69

7.00
7.40
7.80
8.20
8.60
9.00
9.60

10.40
11.20
12.00
12.80

102.83
99.62
93.39
86.23
79.51
73.61
66.46
58.71
52.71
47.91
43.95

0.17
0.17
0.16
0.14
0.13
0.12
0.22
0.20
0.18
0.16
0.15
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Layer

No.

Origin

[m]

End

[m]

Thickness

[m]

Edef

[MPa]

or
[kPa]

z
[kPa]

Settlement

[mm]
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

1.80
1.90
2.15
2.40
2.50
2.65
2.90
3.15
3.40
3.90
4.40
4.90
5.40
5.90
6.40

1.90
2.15
2.40
2.50
2.65
2.90
3.15
3.40
3.90
4.40
4.90
5.40
5.90
6.40
6.67

0.10
0.25
0.25
0.10
0.15
0.25
0.25
0.25
0.50
0.50
0.50
0.50
0.50
0.50
0.27

18.69
18.69
18.69
18.69
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47

13.60
15.00
17.00
18.40
19.48
21.30
23.58
25.85
29.27
33.82
38.37
42.92
47.47
52.02
55.54

40.60
35.99
30.61
27.57
25.76
23.19
20.50
18.25
15.60
12.76
10.60
8.93
7.60
6.54
5.87

0.14
0.30
0.26
0.09
0.48
0.72
0.64
0.57
0.98
0.80
0.66
0.56
0.48
0.41
0.05

Settlement of mid point of edge x - 1
Settlement of mid point of edge x - 2
Settlement of mid point of edge y - 1
Settlement of mid point of edge y - 2
Settlement of foundation center point
Settlement of characteristic point

=
=
=
=
=
=

10.8
8.4
7.5
7.5

12.0
8.9

mm
mm
mm
mm
mm
mm

(1-max.compressed edge; 2-min.compressed edge)
 
Settlement and rotation of foundation - results

Foundation stiffness:
Computed weighted average modulus of deformation Edef = 11.43 MPa
Foundation in the longitudinal direction is rigid (k=61.23)
Foundation in the direction of width is rigid (k=777.90)
 
Verification of load eccentricity

Max. eccentricity in direction of base length
Max. eccentricity in direction of base width
Max. overall eccentricity

ex
ey
et

=
=
=

0.000<0.333
0.115<0.333
0.115<0.333

Eccentricity of load is SATISFACTORY

Overall settlement and rotation of foundation:
Foundation settlement
Depth of influence zone

=
=

8.9
5.67

mm
m

Rotation in direction of x = 0.000 (tan*1000); (0.0E+00 °)
Rotation in direction of y = 1.630 (tan*1000); (9.3E-02 °)
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No. Name Pattern
ef
[°]

cef

[kPa]


[kN/m3]

su
[kN/m3]


[°]

4

5

6

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

12.00

38.00

24.00

500.00

0.00

5.00

11.80

20.00

20.00

1.80

10.00

10.00

All soils are considered as cohesionless for at rest pressure analysis.
 
Soil parameters

Made Ground
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

16.00
21.00
0.00
4.00

16.00

kN/m3

°
kPa
MPa
kN/m3

 
River Terrace Deposits
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

18.00
32.00
0.00

30.00
18.00

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Clay)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

19.10
24.00
0.00
8.00

19.10

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Lignite)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

11.80
12.00

500.00
10.00
11.80

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Sand and Gravel)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

20.00
38.00
0.00

200.00
20.00

kN/m3

°
kPa
MPa
kN/m3

 
Varved Clay
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :


ef
cef
Eoed

=
=
=
=

20.00
24.00
5.00

14.00

kN/m3

°
kPa
MPa



NARC Batch 2 2018 Foundation Design
Locations 9-10

3
[GEO5 - Spread Footing | version 5.2018.48 0 | hardware key 8291 / 1 | Copyright © 2018 Fine spol. s r o. All Rights Reserved | www.finesoftware.eu]

[SIGMA-X Ltd. | +44 (0)203 603 1442 | info@sigma-x.net| http://www.sigma-x.net]

Saturated unit weight : sat = 20.00 kN/m3

 
Foundation

Foundation type: centric spread footing
Depth from original ground surface
Depth of footing bottom
Foundation thickness
Incl. of finished grade
Incl. of footing bottom

hz
d
t
s1
s2

=
=
=
=
=

1.00
1.00
1.00
0.00
0.00

m
m
m
°
°

Unit weight of soil above foundation = 20.00 kN/m3

 
Geometry of structure

Foundation type: centric spread footing
Spread footing length
Spread footing width
Column width in the direction of x
Column width in the direction of y
Spread footing volume

x
y
cx
cy

=
=
=
=
=

6.00
4.00
4.00
0.50

24.00

m
m
m
m
m3

 
Name : Geometry Stage - analysis : 1 - 0

+x

+
y

 6.00 

 4.00 

 1.000  4.00  1.000 

 1.750 

 0.50 

 1.750 

Material of structure

Unit weight  = 25.00 kN/m3

Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 20/25
Cylinder compressive strength
Tensile strength
Elasticity modulus

fck
fctm
Ecm

=
=
=

20.00
2.20

30000.00

MPa
MPa
MPa

Longitudinal steel : B500
Yield strength fyk = 500.00 MPa

Transverse steel: B500
Yield strength fyk = 500.00 MPa
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Geological profile and assigned soils

No.
Layer

[m]
Assigned soil Pattern

1

2

3

4

5

6

7

8

0.60

1.90

11.00

1.50

9.80

17.20

8.00

-

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

Varved Clay

Varved Clay

Load

No.
Load

new change
Name Type

N

[kN]

Mx

[kNm]

My

[kNm]

Hx
[kN]

Hy
[kN]

1
2

Yes
Yes

Load No. 1
Load No. 2

Design
Service

2800.00
2800.00

0.00
0.00

0.00
0.00

0.00
0.00

100.00
100.00

Ground water table

The ground water table is at a depth of 0.00 m from the original terrain.
 
Global settings

Type of analysis : analysis for drained conditions
 
Settings of the stage of construction

Design situation : permanent
 

Verification No. 1
Load case verification

Name
Self w.

in favor

ex
[m]

ey
[m]


[kPa]

Rd
[kPa]

Utilization

[%]
Is satisfied

Load No. 1
Load No. 1
Load No. 2
Load No. 2

Yes
No
Yes
No

0.00
0.00
0.00
0.00

-0.03
-0.03
-0.03
-0.03

133.78
139.03
133.78
133.78

225.17
225.86
117.29
117.29

59.41
61.56

114.07
114.07

Yes
Yes
No
No

Analysis carried out with automatic selection of the most unfavourable load cases.
 
Computed weight of spread footing
Computed weight of overburden

G
Z

=
=

360.00
0.00

kN
kN

Vertical bearing capacity check

Shape of contact stress : rectangle
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Most unfavorable load case No. 2. (Load No. 2)

Parameters of slip surface below foundation:
Depth of slip surface
Length of slip surface

zsp
lsp

=
=

5.52
15.63

m
m

 
Design bearing capacity of found.soil
Extreme contact stress

Rd


=
=

117.29
133.78

kPa
kPa

Bearing capacity in the vertical direction is NOT SATISFACTORY
 
Verification of load eccentricity

Max. eccentricity in direction of base length
Max. eccentricity in direction of base width
Max. overall eccentricity

ex
ey
et

=
=
=

0.000<0.333
0.008<0.333
0.008<0.333

Eccentricity of load is SATISFACTORY
 
Horizontal bearing capacity check

Most unfavorable load case No. 2. (Load No. 2)

Earth resistance: at rest
Design magnitude of earth resistance Spd = 6.68 kN

Horizontal bearing capacity
Extreme horizontal force

Rdh
H

=
=

1586.35
100.00

kN
kN

Bearing capacity in the horizontal direction is SATISFACTORY

Bearing capacity of foundation is NOT SATISFACTORY
 

Verification No. 1
Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient 1 (influence of foundation depth).
Stress at the footing bottom considered from the finished grade.
 
Computed weight of spread footing
Computed weight of overburden

G
Z

=
=

360.00
0.00

kN
kN

Settlement and rotation of foundation - partial results

Layer

No.

Origin

[m]

End

[m]

Thickness

[m]

Edef

[MPa]

or
[kPa]

z
[kPa]

Settlement

[mm]
1
2
3
4
5
6
7
8
9
10
11

1.00
1.05
1.10
1.15
1.20
1.25
1.30
1.40
1.50
1.60
1.70

1.05
1.10
1.15
1.20
1.25
1.30
1.40
1.50
1.60
1.70
1.80

0.05
0.05
0.05
0.05
0.05
0.05
0.10
0.10
0.10
0.10
0.10

1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.75

7.00
7.40
7.80
8.20
8.60
9.00
9.60

10.40
11.20
12.00
12.80

124.81
124.43
123.35
121.40
118.67
115.37
109.81
102.32
95.29
89.01
83.54

0.21
0.21
0.21
0.20
0.20
0.19
0.37
0.34
0.32
0.30
0.28
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Layer

No.

Origin

[m]

End

[m]

Thickness

[m]

Edef

[MPa]

or
[kPa]

z
[kPa]

Settlement

[mm]
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

1.80
1.90
2.15
2.40
2.50
2.65
2.90
3.15
3.40
3.90
4.40
4.90
5.40
5.90
6.40
7.40
8.40
9.40

10.40

1.90
2.15
2.40
2.50
2.65
2.90
3.15
3.40
3.90
4.40
4.90
5.40
5.90
6.40
7.40
8.40
9.40

10.40
11.29

0.10
0.25
0.25
0.10
0.15
0.25
0.25
0.25
0.50
0.50
0.50
0.50
0.50
0.50
1.00
1.00
1.00
1.00
0.89

1.75
1.75
1.75
1.75
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47

13.60
15.00
17.00
18.40
19.48
21.30
23.58
25.85
29.27
33.82
38.37
42.92
47.47
52.02
58.84
67.94
77.04
86.14
94.74

78.80
72.23
64.61
60.34
57.79
54.16
50.27
46.92
42.70
37.83
33.72
30.19
27.12
24.45
21.13
17.46
14.59
12.32
10.59

0.26
0.60
0.54
0.20
1.08
1.69
1.57
1.47
2.67
2.36
2.11
1.89
1.70
1.53
2.64
2.18
1.82
1.54
1.04

Settlement of mid point of edge x - 1
Settlement of mid point of edge x - 2
Settlement of mid point of edge y - 1
Settlement of mid point of edge y - 2
Settlement of foundation center point
Settlement of characteristic point

=
=
=
=
=
=

33.1
32.2
28.3
28.3
45.9
31.7

mm
mm
mm
mm
mm
mm

(1-max.compressed edge; 2-min.compressed edge)
 
Settlement and rotation of foundation - results

Foundation stiffness:
Computed weighted average modulus of deformation Edef = 0.92 MPa
Foundation in the longitudinal direction is rigid (k=150.92)
Foundation in the direction of width is rigid (k=509.36)
 
Verification of load eccentricity

Max. eccentricity in direction of base length
Max. eccentricity in direction of base width
Max. overall eccentricity

ex
ey
et

=
=
=

0.000<0.333
0.008<0.333
0.008<0.333

Eccentricity of load is SATISFACTORY

Overall settlement and rotation of foundation:
Foundation settlement
Depth of influence zone

=
=

31.7
10.29

mm
m

Rotation in direction of x = 0.000 (tan*1000); (3.4E-17 °)
Rotation in direction of y = 0.224 (tan*1000); (1.3E-02 °)
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No. Name Pattern
ef
[°]

cef

[kPa]


[kN/m3]

su
[kN/m3]


[°]

4

5

6

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

12.00

38.00

24.00

500.00

0.00

5.00

11.80

20.00

20.00

1.80

10.00

10.00

All soils are considered as cohesionless for at rest pressure analysis.
 
Soil parameters

Made Ground
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

16.00
21.00
0.00
4.00

16.00

kN/m3

°
kPa
MPa
kN/m3

 
River Terrace Deposits
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

18.00
32.00
0.00

30.00
18.00

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Clay)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

19.10
24.00
0.00
8.00

19.10

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Lignite)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

11.80
12.00

500.00
10.00
11.80

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Sand and Gravel)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

20.00
38.00
0.00

200.00
20.00

kN/m3

°
kPa
MPa
kN/m3

 
Varved Clay
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :


ef
cef
Eoed

=
=
=
=

20.00
24.00
5.00

14.00

kN/m3

°
kPa
MPa
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Saturated unit weight : sat = 20.00 kN/m3

 
Foundation

Foundation type: centric spread footing
Depth from original ground surface
Depth of footing bottom
Foundation thickness
Incl. of finished grade
Incl. of footing bottom

hz
d
t
s1
s2

=
=
=
=
=

1.00
1.00
1.00
0.00
0.00

m
m
m
°
°

Unit weight of soil above foundation = 20.00 kN/m3

 
Geometry of structure

Foundation type: centric spread footing
Spread footing length
Spread footing width
Column width in the direction of x
Column width in the direction of y
Spread footing volume

x
y
cx
cy

=
=
=
=
=

7.00
3.00
5.00
0.50

21.00

m
m
m
m
m3

 
Name : Geometry Stage - analysis : 1 - 0

+x

+
y

 7.00 

 3.00 

 1.000  5.00  1.000 

 1.250 

 0.50 

 1.250 

Material of structure

Unit weight  = 25.00 kN/m3

Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 20/25
Cylinder compressive strength
Tensile strength
Elasticity modulus

fck
fctm
Ecm

=
=
=

20.00
2.20

30000.00

MPa
MPa
MPa

Longitudinal steel : B500
Yield strength fyk = 500.00 MPa

Transverse steel: B500
Yield strength fyk = 500.00 MPa
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Geological profile and assigned soils

No.
Layer

[m]
Assigned soil Pattern

1

2

3

4

5

6

7

8

0.60

1.90

11.00

1.50

9.80

17.20

8.00

-

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

Varved Clay

Varved Clay

Load

No.
Load

new change
Name Type

N

[kN]

Mx

[kNm]

My

[kNm]

Hx
[kN]

Hy
[kN]

1
2

Yes
Yes

Load No. 1
Load No. 2

Design
Service

2400.00
2400.00

0.00
0.00

0.00
0.00

0.00
0.00

100.00
100.00

Ground water table

The ground water table is at a depth of 0.00 m from the original terrain.
 
Global settings

Type of analysis : analysis for drained conditions
 
Settings of the stage of construction

Design situation : permanent
 

Verification No. 1
Load case verification

Name
Self w.

in favor

ex
[m]

ey
[m]


[kPa]

Rd
[kPa]

Utilization

[%]
Is satisfied

Load No. 1
Load No. 1
Load No. 2
Load No. 2

Yes
No
Yes
No

0.00
0.00
0.00
0.00

-0.04
-0.04
-0.04
-0.04

132.54
137.79
132.54
132.54

203.58
204.37
106.38
106.38

65.11
67.42

124.59
124.59

Yes
Yes
No
No

Analysis carried out with automatic selection of the most unfavourable load cases.
 
Computed weight of spread footing
Computed weight of overburden

G
Z

=
=

315.00
0.00

kN
kN

Vertical bearing capacity check

Shape of contact stress : rectangle
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Most unfavorable load case No. 2. (Load No. 2)

Parameters of slip surface below foundation:
Depth of slip surface
Length of slip surface

zsp
lsp

=
=

4.22
12.03

m
m

 
Design bearing capacity of found.soil
Extreme contact stress

Rd


=
=

106.38
132.54

kPa
kPa

Bearing capacity in the vertical direction is NOT SATISFACTORY
 
Verification of load eccentricity

Max. eccentricity in direction of base length
Max. eccentricity in direction of base width
Max. overall eccentricity

ex
ey
et

=
=
=

0.000<0.333
0.012<0.333
0.012<0.333

Eccentricity of load is SATISFACTORY
 
Horizontal bearing capacity check

Most unfavorable load case No. 2. (Load No. 2)

Earth resistance: at rest
Design magnitude of earth resistance Spd = 5.01 kN

Horizontal bearing capacity
Extreme horizontal force

Rdh
H

=
=

1362.23
100.00

kN
kN

Bearing capacity in the horizontal direction is SATISFACTORY

Bearing capacity of foundation is NOT SATISFACTORY
 

Verification No. 1
Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient 1 (influence of foundation depth).
Stress at the footing bottom considered from the finished grade.
 
Computed weight of spread footing
Computed weight of overburden

G
Z

=
=

315.00
0.00

kN
kN

Settlement and rotation of foundation - partial results

Layer

No.

Origin

[m]

End

[m]

Thickness

[m]

Edef

[MPa]

or
[kPa]

z
[kPa]

Settlement

[mm]
1
2
3
4
5
6
7
8
9
10
11

1.00
1.05
1.10
1.15
1.20
1.25
1.30
1.40
1.50
1.60
1.70

1.05
1.10
1.15
1.20
1.25
1.30
1.40
1.50
1.60
1.70
1.80

0.05
0.05
0.05
0.05
0.05
0.05
0.10
0.10
0.10
0.10
0.10

1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.75
1.75

7.00
7.40
7.80
8.20
8.60
9.00
9.60

10.40
11.20
12.00
12.80

122.38
121.68
119.84
116.84
113.09
108.99
102.88
95.28
88.62
82.87
77.91

0.20
0.20
0.20
0.19
0.19
0.18
0.34
0.32
0.30
0.28
0.26



NARC Batch 2 2018 Foundation Design
Location 7

6
[GEO5 - Spread Footing | version 5.2018.48 0 | hardware key 8291 / 1 | Copyright © 2018 Fine spol. s r o. All Rights Reserved | www.finesoftware.eu]

[SIGMA-X Ltd. | +44 (0)203 603 1442 | info@sigma-x.net| http://www.sigma-x.net]

Layer

No.

Origin

[m]

End

[m]

Thickness

[m]

Edef

[MPa]

or
[kPa]

z
[kPa]

Settlement

[mm]
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

1.80
1.90
2.15
2.40
2.50
2.65
2.90
3.15
3.40
3.90
4.40
4.90
5.40
5.90
6.40
7.40
8.40
9.40

10.40

1.90
2.15
2.40
2.50
2.65
2.90
3.15
3.40
3.90
4.40
4.90
5.40
5.90
6.40
7.40
8.40
9.40

10.40
10.61

0.10
0.25
0.25
0.10
0.15
0.25
0.25
0.25
0.50
0.50
0.50
0.50
0.50
0.50
1.00
1.00
1.00
1.00
0.21

1.75
1.75
1.75
1.75
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47

13.60
15.00
17.00
18.40
19.48
21.30
23.58
25.85
29.27
33.82
38.37
42.92
47.47
52.02
58.84
67.94
77.04
86.14
91.67

73.59
67.49
60.25
56.08
53.53
49.86
45.90
42.47
38.18
33.32
29.34
26.02
23.22
20.82
17.92
14.75
12.31
10.40
9.41

0.25
0.56
0.50
0.19
1.00
1.56
1.43
1.33
2.39
2.08
1.83
1.63
1.45
1.30
2.24
1.84
1.54
1.30
0.05

Settlement of mid point of edge x - 1
Settlement of mid point of edge x - 2
Settlement of mid point of edge y - 1
Settlement of mid point of edge y - 2
Settlement of foundation center point
Settlement of characteristic point

=
=
=
=
=
=

30.0
29.0
22.4
22.4
38.8
27.1

mm
mm
mm
mm
mm
mm

(1-max.compressed edge; 2-min.compressed edge)
 
Settlement and rotation of foundation - results

Foundation stiffness:
Computed weighted average modulus of deformation Edef = 0.95 MPa
Foundation in the longitudinal direction is rigid (k=91.98)
Foundation in the direction of width is rigid (k=1168.46)
 
Verification of load eccentricity

Max. eccentricity in direction of base length
Max. eccentricity in direction of base width
Max. overall eccentricity

ex
ey
et

=
=
=

0.000<0.333
0.012<0.333
0.012<0.333

Eccentricity of load is SATISFACTORY

Overall settlement and rotation of foundation:
Foundation settlement
Depth of influence zone

=
=

27.1
9.61

mm
m

Rotation in direction of x = 0.000 (tan*1000); (5.8E-17 °)
Rotation in direction of y = 0.326 (tan*1000); (1.9E-02 °)
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No. Name Pattern
ef
[°]

cef

[kPa]


[kN/m3]

su
[kN/m3]


[°]

4

5

6

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

12.00

38.00

24.00

500.00

0.00

5.00

11.80

20.00

20.00

1.80

10.00

10.00

All soils are considered as cohesionless for at rest pressure analysis.
 
Soil parameters

Made Ground
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

16.00
21.00
0.00
4.00

16.00

kN/m3

°
kPa
MPa
kN/m3

 
River Terrace Deposits
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

18.00
32.00
0.00

30.00
18.00

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Clay)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

19.10
24.00
0.00
8.00

19.10

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Lignite)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

11.80
12.00

500.00
10.00
11.80

kN/m3

°
kPa
MPa
kN/m3

 
Nar Valley (Sand and Gravel)
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :
Saturated unit weight :


ef
cef
Eoed

sat

=
=
=
=
=

20.00
38.00
0.00

200.00
20.00

kN/m3

°
kPa
MPa
kN/m3

 
Varved Clay
Unit weight :
Angle of internal friction :
Cohesion of soil :
Oedometric modulus :


ef
cef
Eoed

=
=
=
=

20.00
24.00
5.00

14.00

kN/m3

°
kPa
MPa
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Saturated unit weight : sat = 20.00 kN/m3

 
Foundation

Foundation type: centric spread footing
Depth from original ground surface
Depth of footing bottom
Foundation thickness
Incl. of finished grade
Incl. of footing bottom

hz
d
t
s1
s2

=
=
=
=
=

1.00
1.00
1.00
0.00
0.00

m
m
m
°
°

Unit weight of soil above foundation = 20.00 kN/m3

 
Geometry of structure

Foundation type: centric spread footing
Spread footing length
Spread footing width
Column width in the direction of x
Column width in the direction of y
Spread footing volume

x
y
cx
cy

=
=
=
=
=

3.50
1.50
2.00
0.30
5.25

m
m
m
m
m3

 
Name : Geometry Stage - analysis : 1 - 0

+x

+
y

 3.50 

 1.50 

 0.750  2.00  0.750 

 0.600 

 0.30 

 0.600 

Material of structure

Unit weight  = 25.00 kN/m3

Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 20/25
Cylinder compressive strength
Tensile strength
Elasticity modulus

fck
fctm
Ecm

=
=
=

20.00
2.20

30000.00

MPa
MPa
MPa

Longitudinal steel : B500
Yield strength fyk = 500.00 MPa

Transverse steel: B500
Yield strength fyk = 500.00 MPa
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Geological profile and assigned soils

No.
Layer

[m]
Assigned soil Pattern

1

2

3

4

5

6

7

8

0.60

1.90

11.00

1.50

9.80

17.20

8.00

-

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

Varved Clay

Varved Clay

Load

No.
Load

new change
Name Type

N

[kN]

Mx

[kNm]

My

[kNm]

Hx
[kN]

Hy
[kN]

1
2

Yes
Yes

Load No. 1
Load No. 2

Design
Service

500.00
500.00

0.00
0.00

0.00
0.00

0.00
0.00

100.00
100.00

Ground water table

The ground water table is at a depth of 0.00 m from the original terrain.
 
Global settings

Type of analysis : analysis for drained conditions
 
Settings of the stage of construction

Design situation : permanent
 

Verification No. 1
Load case verification

Name
Self w.

in favor

ex
[m]

ey
[m]


[kPa]

Rd
[kPa]

Utilization

[%]
Is satisfied

Load No. 1
Load No. 1
Load No. 2
Load No. 2

Yes
No
Yes
No

0.00
0.00
0.00
0.00

-0.17
-0.16
-0.17
-0.17

143.24
148.04
143.24
143.24

128.88
132.15
68.48
68.48

111.14
112.03
209.15
209.15

No
No
No
No

Analysis carried out with automatic selection of the most unfavourable load cases.
 
Computed weight of spread footing
Computed weight of overburden

G
Z

=
=

78.75
0.00

kN
kN

Vertical bearing capacity check

Shape of contact stress : rectangle
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Most unfavorable load case No. 2. (Load No. 2)

Parameters of slip surface below foundation:
Depth of slip surface
Length of slip surface

zsp
lsp

=
=

2.26
6.68

m
m

 
Design bearing capacity of found.soil
Extreme contact stress

Rd


=
=

68.48
143.24

kPa
kPa

Bearing capacity in the vertical direction is NOT SATISFACTORY
 
Verification of load eccentricity

Max. eccentricity in direction of base length
Max. eccentricity in direction of base width
Max. overall eccentricity

ex
ey
et

=
=
=

0.000<0.333
0.115<0.333
0.115<0.333

Eccentricity of load is SATISFACTORY
 
Horizontal bearing capacity check

Most unfavorable load case No. 2. (Load No. 2)

Earth resistance: at rest
Design magnitude of earth resistance Spd = 2.51 kN

Horizontal bearing capacity
Extreme horizontal force

Rdh
H

=
=

291.82
100.00

kN
kN

Bearing capacity in the horizontal direction is SATISFACTORY

Bearing capacity of foundation is NOT SATISFACTORY
 

Verification No. 1
Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient 1 (influence of foundation depth).
Stress at the footing bottom considered from the finished grade.
 
Computed weight of spread footing
Computed weight of overburden

G
Z

=
=

78.75
0.00

kN
kN

Settlement and rotation of foundation - partial results

Layer

No.

Origin

[m]

End

[m]

Thickness

[m]

Edef

[MPa]

or
[kPa]

z
[kPa]

Settlement

[mm]
1
2
3
4
5
6
7
8
9
10
11

1.00
1.05
1.10
1.15
1.20
1.25
1.30
1.40
1.50
1.60
1.70

1.05
1.10
1.15
1.20
1.25
1.30
1.40
1.50
1.60
1.70
1.80

0.05
0.05
0.05
0.05
0.05
0.05
0.10
0.10
0.10
0.10
0.10

18.69
18.69
18.69
18.69
18.69
18.69
18.69
18.69
18.69
18.69
18.69

7.00
7.40
7.80
8.20
8.60
9.00
9.60

10.40
11.20
12.00
12.80

102.83
99.62
93.39
86.23
79.51
73.61
66.46
58.71
52.71
47.91
43.95

0.17
0.17
0.16
0.14
0.13
0.12
0.22
0.20
0.18
0.16
0.15
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Layer

No.

Origin

[m]

End

[m]

Thickness

[m]

Edef

[MPa]

or
[kPa]

z
[kPa]

Settlement

[mm]
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

1.80
1.90
2.15
2.40
2.50
2.65
2.90
3.15
3.40
3.90
4.40
4.90
5.40
5.90
6.40

1.90
2.15
2.40
2.50
2.65
2.90
3.15
3.40
3.90
4.40
4.90
5.40
5.90
6.40
6.67

0.10
0.25
0.25
0.10
0.15
0.25
0.25
0.25
0.50
0.50
0.50
0.50
0.50
0.50
0.27

18.69
18.69
18.69
18.69
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47

13.60
15.00
17.00
18.40
19.48
21.30
23.58
25.85
29.27
33.82
38.37
42.92
47.47
52.02
55.54

40.60
35.99
30.61
27.57
25.76
23.19
20.50
18.25
15.60
12.76
10.60
8.93
7.60
6.54
5.87

0.14
0.30
0.26
0.09
0.48
0.72
0.64
0.57
0.98
0.80
0.66
0.56
0.48
0.41
0.05

Settlement of mid point of edge x - 1
Settlement of mid point of edge x - 2
Settlement of mid point of edge y - 1
Settlement of mid point of edge y - 2
Settlement of foundation center point
Settlement of characteristic point

=
=
=
=
=
=

10.8
8.4
7.5
7.5

12.0
8.9

mm
mm
mm
mm
mm
mm

(1-max.compressed edge; 2-min.compressed edge)
 
Settlement and rotation of foundation - results

Foundation stiffness:
Computed weighted average modulus of deformation Edef = 11.43 MPa
Foundation in the longitudinal direction is rigid (k=61.23)
Foundation in the direction of width is rigid (k=777.90)
 
Verification of load eccentricity

Max. eccentricity in direction of base length
Max. eccentricity in direction of base width
Max. overall eccentricity

ex
ey
et

=
=
=

0.000<0.333
0.115<0.333
0.115<0.333

Eccentricity of load is SATISFACTORY

Overall settlement and rotation of foundation:
Foundation settlement
Depth of influence zone

=
=

8.9
5.67

mm
m

Rotation in direction of x = 0.000 (tan*1000); (0.0E+00 °)
Rotation in direction of y = 1.630 (tan*1000); (9.3E-02 °)
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Basic soil parameters

No. Name Pattern


[kN/m3]


[–]

1

2

3

4

5

6

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

16.00

18.00

19.10

11.80

20.00

20.00

0.30

0.40

0.30

0.49

0.49

0.49

All soils are considered as cohesionless for at rest pressure analysis.
 

No. Name Pattern
Eoed

[MPa]

Edef

[MPa]

sat
[kN/m3]

s
[kN/m3]

n

[–]

1

2

3

4

5

6

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

1.00

10.00

8.00

10.00

200.00

14.00

-

-

-

-

-

-

16.00

18.00

19.10

11.80

20.00

20.00

-

-

-

-

-

-

-

-

-

-

-

-

No. Name Pattern
ef
[°]


[°]

K

[–]

cu

[kPa]


[–]

1

2

3

4

5

6

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

-

32.00

-

-

38.00

-

-

-

-

-

-

-

-

-

-

-

-

-

20.00

-

91.00

500.00

-

123.00

1.00

-

0.70

0.33

-

0.45
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Soil parameters

Made Ground
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Cohesion of soil :
Adhesion factor :
Angle of internal friction :



Eoed

sat
cu


ef

=
=
=
=
=
=
=

16.00
0.30
1.00

16.00
20.00
1.00

21.00

kN/m3

MPa
kN/m3

kPa

°
 
River Terrace Deposits
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Angle of internal friction :



Eoed

sat

ef

=
=
=
=
=

18.00
0.40

10.00
18.00
32.00

kN/m3

MPa
kN/m3

°
 
Nar Valley (Clay)
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Cohesion of soil :
Adhesion factor :
Angle of internal friction :



Eoed

sat
cu


ef

=
=
=
=
=
=
=

19.10
0.30
8.00

19.10
91.00
0.70

24.00

kN/m3

MPa
kN/m3

kPa

°
 
Nar Valley (Lignite)
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Cohesion of soil :
Adhesion factor :
Angle of internal friction :



Eoed

sat
cu


ef

=
=
=
=
=
=
=

11.80
0.49

10.00
11.80

500.00
0.33

12.00

kN/m3

MPa
kN/m3

kPa

°
 
Nar Valley (Sand and Gravel)
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Angle of internal friction :



Eoed

sat

ef

=
=
=
=
=

20.00
0.49

200.00
20.00
38.00

kN/m3

MPa
kN/m3

°
 
Varved Clay
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Cohesion of soil :
Adhesion factor :
Angle of internal friction :



Eoed

sat
cu


ef

=
=
=
=
=
=
=

20.00
0.49

14.00
20.00

123.00
0.45

24.00

kN/m3

MPa
kN/m3

kPa

°
 
Geometry

Pile profile: circular
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Dimensions
Diameter
Length

d
l

=
=

0.30
16.00

m
m

Calculated cross-sectional characteristics
Area
Moment of inertia

A
I

=
=

7.07E-02
3.98E-04

m2

m4

Location
Off ground height
Depth of finished grade

h
hz

=
=

0.00
0.00

m
m

Technology: CFA piles
 
Material of structure

Unit weight  = 23.00 kN/m3

Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 20/25
Cylinder compressive strength
Tensile strength
Elasticity modulus
Shear modulus

fck
fctm
Ecm
G

=
=
=
=

20.00
2.20

30000.00
12500.00

MPa
MPa
MPa
MPa

Longitudinal steel : B500
Yield strength fyk = 500.00 MPa

Transverse steel: B500
Yield strength fyk = 500.00 MPa

Geological profile and assigned soils

No.
Layer

[m]
Assigned soil Pattern

1

2

3

4

5

6

7

8

0.60

1.90

11.00

1.50

9.80

17.20

8.00

-

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

Varved Clay

Varved Clay

Load

 

No.
Load

new change
Name Type

N

[kN]

Mx

[kNm]

My

[kNm]

Hx
[kN]

Hy
[kN]

1 Yes Load No. 1 Design 700.00 0.00 0.00 0.00 100.00
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No.
Load

new change
Name Type

N

[kN]

Mx

[kNm]

My

[kNm]

Hx
[kN]

Hy
[kN]

2 Yes Load No. 1 - service Service 700.00 0.00 0.00 0.00 100.00

Ground water table

The ground water table is at a depth of 0.00 m from the original terrain.
 
Global settings

Analysis of vertical bearing capacity : analytical solution
Analysis type : analysis for drained conditions
 
Settings of the stage of construction

Design situation : permanent
Verification methodology : without reduction of soil parameters
 

Verification No. 1
Verification of pile bearing capacity according to NAVFACDM 7.2 - partial results

Computation of pile base bearing capacity:
The soil under the base is cohesionless
Coefficient of bearing capacity
Area of pile transverse cross-section

Nq
Ap

=
=

43.00
7.07E-02 m2

Pile ultimate skin resistance capacity:
 

Depth

[m]

Thickness

[m]

cud

[kPa]


[–]

kdc

[–]


[°]

or
[kPa]

Rsi

[kN]
0.00
0.30
0.30
0.60
0.60
2.50
2.50

13.50
13.50
15.00
15.00
16.00

-
0.30

-
0.30

-
1.90

-
11.00

-
1.50

-
1.00

-
20.00

-
20.00

-
-
-

91.00
-

500.00
-
-

-
1.00

-
1.00

-
-
-

0.70
-

0.33
-
-

-
-
-
-
-

1.34
-
-
-
-
-

1.61

-
-
-
-
-

24.00
-
-
-
-
-

28.50

0.00
0.90
0.90
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80

-
5.65

-
5.65

-
1.93

-
660.39

-
233.26

-
1.48

Verification of pile bearing capacity according to NAVFACDM 7.2 - partial results

Computation of pile base bearing capacity:
The soil under the base is cohesionless
Coefficient of bearing capacity
Area of pile transverse cross-section

Nq
Ap

=
=

43.00
7.07E-02 m2

Pile ultimate skin resistance capacity:
 

Depth

[m]

Thickness

[m]

cud

[kPa]


[–]

kdc

[–]


[°]

or
[kPa]

Rsi

[kN]
0.00
0.30
0.30
0.60

-
0.30

-
0.30

-
14.29

-
14.29

-
1.00

-
1.00

-
-
-
-

-
-
-
-

0.00
0.90
0.90
1.80

-
3.11

-
3.11
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Depth

[m]

Thickness

[m]

cud

[kPa]


[–]

kdc

[–]


[°]

or
[kPa]

Rsi

[kN]
0.60
2.50
2.50

13.50
13.50
15.00
15.00
16.00

-
1.90

-
11.00

-
1.50

-
1.00

-
-
-

65.00
-

357.14
-
-

-
-
-

0.70
-

0.33
-
-

-
1.18

-
-
-
-
-

1.34

-
19.92

-
-
-
-
-

24.00

1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80

-
1.06

-
362.85

-
128.17

-
0.78

Verification of bearing capacity : NAVFACDM 7.2

Analysis carried out with automatic selection of the most unfavourable load cases.
Factor determining critical depth kdc = 1.00

Verification of compressive pile:
Most unfavorable load case No. 2. (Load No. 1 - service)
 
Pile skin bearing capacity
Pile base bearing capacity
 
Pile bearing capacity
Ultimate vertical force

Rs
Rb

Rc
Vd

=
=

=
=

499.08
275.86

774.94
714.70

kN
kN

kN
kN

Rc = 774.94 kN > 714.70 kN = Vd

Pile bearing capacity is SATISFACTORY
 

Verification No. 1
Analysis of load settlement curve - input data

Layer

No.

Es
[MPa]

1
2
3
4
5

150.00
100.00
50.00
20.00

150.00

Maximum pile settlement slim = 25.0 mm
 
Analysis of load settlement curve - partial results

Correction factor for pile compressibility
Correction factor for Poisson's ratio of soil
Сorrection factor for stiffness of bearing stratum
Base-load proportion for incompressible pile
Proportion of applied load transferred to pile base
 
Influence coefficients of settlement :
Basic - dependent on ratio l/d
Correction factor for pile compressibility
Correction factor for finite depth of layer on a rigid base
Correction factor for Poisson's ratio of soil

Ck
Cv
Cb

0



I0
Rk
Rh
Rv

=
=
=
=
=

=
=
=
=

0.61
0.82
2.27
0.04
0.04

0.04
1.73
1.00
0.93
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Analysis of load settlement curve - results

Load at the onset of mobilization of skin friction
The settlement for the force Ryu
Total resistance
Maximum settlement

Ryu
sy
Rc
slim

=
=
=
=

946.88
3.2

1164.41
25.0

kN
mm
kN
mm

The settlement for maximum service load V = 700.00kN is 2.4mm.
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Basic soil parameters

No. Name Pattern


[kN/m3]


[–]

1

2

3

4

5

6

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

16.00

18.00

19.10

11.80

20.00

20.00

0.30

0.40

0.30

0.49

0.49

0.49

All soils are considered as cohesionless for at rest pressure analysis.
 

No. Name Pattern
Eoed

[MPa]

Edef

[MPa]

sat
[kN/m3]

s
[kN/m3]

n

[–]

1

2

3

4

5

6

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

1.00

10.00

8.00

10.00

200.00

14.00

-

-

-

-

-

-

16.00

18.00

19.10

11.80

20.00

20.00

-

-

-

-

-

-

-

-

-

-

-

-

No. Name Pattern
ef
[°]


[°]

K

[–]

cu

[kPa]


[–]

1

2

3

4

5

6

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

-

32.00

-

-

38.00

-

-

-

-

-

-

-

-

-

-

-

-

-

20.00

-

91.00

500.00

-

123.00

1.00

-

0.70

0.33

-

0.45
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Soil parameters

Made Ground
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Cohesion of soil :
Adhesion factor :
Angle of internal friction :



Eoed

sat
cu


ef

=
=
=
=
=
=
=

16.00
0.30
1.00

16.00
20.00
1.00

21.00

kN/m3

MPa
kN/m3

kPa

°
 
River Terrace Deposits
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Angle of internal friction :



Eoed

sat

ef

=
=
=
=
=

18.00
0.40

10.00
18.00
32.00

kN/m3

MPa
kN/m3

°
 
Nar Valley (Clay)
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Cohesion of soil :
Adhesion factor :
Angle of internal friction :



Eoed

sat
cu


ef

=
=
=
=
=
=
=

19.10
0.30
8.00

19.10
91.00
0.70

24.00

kN/m3

MPa
kN/m3

kPa

°
 
Nar Valley (Lignite)
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Cohesion of soil :
Adhesion factor :
Angle of internal friction :



Eoed

sat
cu


ef

=
=
=
=
=
=
=

11.80
0.49

10.00
11.80

500.00
0.33

12.00

kN/m3

MPa
kN/m3

kPa

°
 
Nar Valley (Sand and Gravel)
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Angle of internal friction :



Eoed

sat

ef

=
=
=
=
=

20.00
0.49

200.00
20.00
38.00

kN/m3

MPa
kN/m3

°
 
Varved Clay
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Cohesion of soil :
Adhesion factor :
Angle of internal friction :



Eoed

sat
cu


ef

=
=
=
=
=
=
=

20.00
0.49

14.00
20.00

123.00
0.45

24.00

kN/m3

MPa
kN/m3

kPa

°
 
Geometry

Pile profile: circular
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Dimensions
Diameter
Length

d
l

=
=

0.30
16.00

m
m

Calculated cross-sectional characteristics
Area
Moment of inertia

A
I

=
=

7.07E-02
3.98E-04

m2

m4

Location
Off ground height
Depth of finished grade

h
hz

=
=

0.00
0.00

m
m

Technology: CFA piles
 
Material of structure

Unit weight  = 23.00 kN/m3

Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 20/25
Cylinder compressive strength
Tensile strength
Elasticity modulus
Shear modulus

fck
fctm
Ecm
G

=
=
=
=

20.00
2.20

30000.00
12500.00

MPa
MPa
MPa
MPa

Longitudinal steel : B500
Yield strength fyk = 500.00 MPa

Transverse steel: B500
Yield strength fyk = 500.00 MPa

Geological profile and assigned soils

No.
Layer

[m]
Assigned soil Pattern

1

2

3

4

5

6

7

8

0.60

1.90

11.00

1.50

9.80

17.20

8.00

-

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

Varved Clay

Varved Clay

Load

 

No.
Load

new change
Name Type

N

[kN]

Mx

[kNm]

My

[kNm]

Hx
[kN]

Hy
[kN]

1 Yes Load No. 1 Design 400.00 0.00 0.00 0.00 100.00
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No.
Load

new change
Name Type

N

[kN]

Mx

[kNm]

My

[kNm]

Hx
[kN]

Hy
[kN]

2 Yes Load No. 1 - service Service 400.00 0.00 0.00 0.00 100.00

Ground water table

The ground water table is at a depth of 0.00 m from the original terrain.
 
Global settings

Analysis of vertical bearing capacity : analytical solution
Analysis type : analysis for drained conditions
 
Settings of the stage of construction

Design situation : permanent
Verification methodology : without reduction of soil parameters
 

Verification No. 1
Verification of pile bearing capacity according to NAVFACDM 7.2 - partial results

Computation of pile base bearing capacity:
The soil under the base is cohesionless
Coefficient of bearing capacity
Area of pile transverse cross-section

Nq
Ap

=
=

43.00
7.07E-02 m2

Pile ultimate skin resistance capacity:
 

Depth

[m]

Thickness

[m]

cud

[kPa]


[–]

kdc

[–]


[°]

or
[kPa]

Rsi

[kN]
0.00
0.30
0.30
0.60
0.60
2.50
2.50

13.50
13.50
15.00
15.00
16.00

-
0.30

-
0.30

-
1.90

-
11.00

-
1.50

-
1.00

-
20.00

-
20.00

-
-
-

91.00
-

500.00
-
-

-
1.00

-
1.00

-
-
-

0.70
-

0.33
-
-

-
-
-
-
-

1.34
-
-
-
-
-

1.61

-
-
-
-
-

24.00
-
-
-
-
-

28.50

0.00
0.90
0.90
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80

-
5.65

-
5.65

-
1.93

-
660.39

-
233.26

-
1.48

Verification of pile bearing capacity according to NAVFACDM 7.2 - partial results

Computation of pile base bearing capacity:
The soil under the base is cohesionless
Coefficient of bearing capacity
Area of pile transverse cross-section

Nq
Ap

=
=

43.00
7.07E-02 m2

Pile ultimate skin resistance capacity:
 

Depth

[m]

Thickness

[m]

cud

[kPa]


[–]

kdc

[–]


[°]

or
[kPa]

Rsi

[kN]
0.00
0.30
0.30
0.60

-
0.30

-
0.30

-
14.29

-
14.29

-
1.00

-
1.00

-
-
-
-

-
-
-
-

0.00
0.90
0.90
1.80

-
3.11

-
3.11
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Depth

[m]

Thickness

[m]

cud

[kPa]


[–]

kdc

[–]


[°]

or
[kPa]

Rsi

[kN]
0.60
2.50
2.50

13.50
13.50
15.00
15.00
16.00

-
1.90

-
11.00

-
1.50

-
1.00

-
-
-

65.00
-

357.14
-
-

-
-
-

0.70
-

0.33
-
-

-
1.18

-
-
-
-
-

1.34

-
19.92

-
-
-
-
-

24.00

1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80

-
1.06

-
362.85

-
128.17

-
0.78

Verification of bearing capacity : NAVFACDM 7.2

Analysis carried out with automatic selection of the most unfavourable load cases.
Factor determining critical depth kdc = 1.00

Verification of compressive pile:
Most unfavorable load case No. 2. (Load No. 1 - service)
 
Pile skin bearing capacity
Pile base bearing capacity
 
Pile bearing capacity
Ultimate vertical force

Rs
Rb

Rc
Vd

=
=

=
=

499.08
275.86

774.94
414.70

kN
kN

kN
kN

Rc = 774.94 kN > 414.70 kN = Vd

Pile bearing capacity is SATISFACTORY
 

Verification No. 1
Analysis of load settlement curve - input data

Layer

No.

Es
[MPa]

1
2
3
4
5

5.00
100.00
50.00
20.00

150.00

Maximum pile settlement slim = 25.0 mm
 
Analysis of load settlement curve - partial results

Correction factor for pile compressibility
Correction factor for Poisson's ratio of soil
Сorrection factor for stiffness of bearing stratum
Base-load proportion for incompressible pile
Proportion of applied load transferred to pile base
 
Influence coefficients of settlement :
Basic - dependent on ratio l/d
Correction factor for pile compressibility
Correction factor for finite depth of layer on a rigid base
Correction factor for Poisson's ratio of soil

Ck
Cv
Cb

0



I0
Rk
Rh
Rv

=
=
=
=
=

=
=
=
=

0.63
0.82
2.33
0.04
0.04

0.04
1.68
1.00
0.93
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Analysis of load settlement curve - results

Load at the onset of mobilization of skin friction
The settlement for the force Ryu
Total resistance
Maximum settlement

Ryu
sy
Rc
slim

=
=
=
=

949.55
3.4

1164.72
25.0

kN
mm
kN
mm

The settlement for maximum service load V = 400.00kN is 1.4mm.
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Basic soil parameters

No. Name Pattern


[kN/m3]


[–]

1

2

3

4

5

6

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

16.00

18.00

19.10

11.80

20.00

20.00

0.30

0.40

0.30

0.49

0.49

0.49

All soils are considered as cohesionless for at rest pressure analysis.
 

No. Name Pattern
Eoed

[MPa]

Edef

[MPa]

sat
[kN/m3]

s
[kN/m3]

n

[–]

1

2

3

4

5

6

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

1.00

10.00

8.00

10.00

200.00

14.00

-

-

-

-

-

-

16.00

18.00

19.10

11.80

20.00

20.00

-

-

-

-

-

-

-

-

-

-

-

-

No. Name Pattern
ef
[°]


[°]

K

[–]

cu

[kPa]


[–]

1

2

3

4

5

6

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

-

32.00

-

-

38.00

-

-

-

-

-

-

-

-

-

-

-

-

-

20.00

-

91.00

500.00

-

123.00

1.00

-

0.70

0.33

-

0.45
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Soil parameters

Made Ground
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Cohesion of soil :
Adhesion factor :
Angle of internal friction :



Eoed

sat
cu


ef

=
=
=
=
=
=
=

16.00
0.30
1.00

16.00
20.00
1.00

21.00

kN/m3

MPa
kN/m3

kPa

°
 
River Terrace Deposits
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Angle of internal friction :



Eoed

sat

ef

=
=
=
=
=

18.00
0.40

10.00
18.00
32.00

kN/m3

MPa
kN/m3

°
 
Nar Valley (Clay)
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Cohesion of soil :
Adhesion factor :
Angle of internal friction :



Eoed

sat
cu


ef

=
=
=
=
=
=
=

19.10
0.30
8.00

19.10
91.00
0.70

24.00

kN/m3

MPa
kN/m3

kPa

°
 
Nar Valley (Lignite)
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Cohesion of soil :
Adhesion factor :
Angle of internal friction :



Eoed

sat
cu


ef

=
=
=
=
=
=
=

11.80
0.49

10.00
11.80

500.00
0.33

12.00

kN/m3

MPa
kN/m3

kPa

°
 
Nar Valley (Sand and Gravel)
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Angle of internal friction :



Eoed

sat

ef

=
=
=
=
=

20.00
0.49

200.00
20.00
38.00

kN/m3

MPa
kN/m3

°
 
Varved Clay
Unit weight :
Poisson's ratio :
Oedometric modulus :
Saturated unit weight :
Cohesion of soil :
Adhesion factor :
Angle of internal friction :



Eoed

sat
cu


ef

=
=
=
=
=
=
=

20.00
0.49

14.00
20.00

123.00
0.45

24.00

kN/m3

MPa
kN/m3

kPa

°
 
Geometry

Pile profile: circular



NARC Batch 2 2018 Foundation Design

4
[GEO5 - Pile | version 5 2018 38.0 | hardware key 8291 / 1 |  | Copyright © 2018 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]

[SIGMA-X Ltd. | +44 (0)203 603 1442 | info@sigma-x.net| http://www.sigma-x.net]

Dimensions
Diameter
Length

d
l

=
=

0.30
16.00

m
m

Calculated cross-sectional characteristics
Area
Moment of inertia

A
I

=
=

7.07E-02
3.98E-04

m2

m4

Location
Off ground height
Depth of finished grade

h
hz

=
=

0.00
0.00

m
m

Technology: CFA piles
 
Material of structure

Unit weight  = 23.00 kN/m3

Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 20/25
Cylinder compressive strength
Tensile strength
Elasticity modulus
Shear modulus

fck
fctm
Ecm
G

=
=
=
=

20.00
2.20

30000.00
12500.00

MPa
MPa
MPa
MPa

Longitudinal steel : B500
Yield strength fyk = 500.00 MPa

Transverse steel: B500
Yield strength fyk = 500.00 MPa

Geological profile and assigned soils

No.
Layer

[m]
Assigned soil Pattern

1

2

3

4

5

6

7

8

0.60

1.90

11.00

1.50

9.80

17.20

8.00

-

Made Ground

River Terrace Deposits

Nar Valley (Clay)

Nar Valley (Lignite)

Nar Valley (Sand and Gravel)

Varved Clay

Varved Clay

Varved Clay

Load

 

No.
Load

new change
Name Type

N

[kN]

Mx

[kNm]

My

[kNm]

Hx
[kN]

Hy
[kN]

1 Yes Load No. 1 Design 250.00 0.00 0.00 0.00 100.00
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No.
Load

new change
Name Type

N

[kN]

Mx

[kNm]

My

[kNm]

Hx
[kN]

Hy
[kN]

2 Yes Load No. 1 - service Service 250.00 0.00 0.00 0.00 100.00

Ground water table

The ground water table is at a depth of 0.00 m from the original terrain.
 
Global settings

Analysis of vertical bearing capacity : analytical solution
Analysis type : analysis for drained conditions
 
Settings of the stage of construction

Design situation : permanent
Verification methodology : without reduction of soil parameters
 

Verification No. 1
Verification of pile bearing capacity according to NAVFACDM 7.2 - partial results

Computation of pile base bearing capacity:
The soil under the base is cohesionless
Coefficient of bearing capacity
Area of pile transverse cross-section

Nq
Ap

=
=

43.00
7.07E-02 m2

Pile ultimate skin resistance capacity:
 

Depth

[m]

Thickness

[m]

cud

[kPa]


[–]

kdc

[–]


[°]

or
[kPa]

Rsi

[kN]
0.00
0.30
0.30
0.60
0.60
2.50
2.50

13.50
13.50
15.00
15.00
16.00

-
0.30

-
0.30

-
1.90

-
11.00

-
1.50

-
1.00

-
20.00

-
20.00

-
-
-

91.00
-

500.00
-
-

-
1.00

-
1.00

-
-
-

0.70
-

0.33
-
-

-
-
-
-
-

1.34
-
-
-
-
-

1.61

-
-
-
-
-

24.00
-
-
-
-
-

28.50

0.00
0.90
0.90
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80

-
5.65

-
5.65

-
1.93

-
660.39

-
233.26

-
1.48

Verification of pile bearing capacity according to NAVFACDM 7.2 - partial results

Computation of pile base bearing capacity:
The soil under the base is cohesionless
Coefficient of bearing capacity
Area of pile transverse cross-section

Nq
Ap

=
=

43.00
7.07E-02 m2

Pile ultimate skin resistance capacity:
 

Depth

[m]

Thickness

[m]

cud

[kPa]


[–]

kdc

[–]


[°]

or
[kPa]

Rsi

[kN]
0.00
0.30
0.30
0.60

-
0.30

-
0.30

-
14.29

-
14.29

-
1.00

-
1.00

-
-
-
-

-
-
-
-

0.00
0.90
0.90
1.80

-
3.11

-
3.11
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Depth

[m]

Thickness

[m]

cud

[kPa]


[–]

kdc

[–]


[°]

or
[kPa]

Rsi

[kN]
0.60
2.50
2.50

13.50
13.50
15.00
15.00
16.00

-
1.90

-
11.00

-
1.50

-
1.00

-
-
-

65.00
-

357.14
-
-

-
-
-

0.70
-

0.33
-
-

-
1.18

-
-
-
-
-

1.34

-
19.92

-
-
-
-
-

24.00

1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80

-
1.06

-
362.85

-
128.17

-
0.78

Verification of bearing capacity : NAVFACDM 7.2

Analysis carried out with automatic selection of the most unfavourable load cases.
Factor determining critical depth kdc = 1.00

Verification of compressive pile:
Most unfavorable load case No. 2. (Load No. 1 - service)
 
Pile skin bearing capacity
Pile base bearing capacity
 
Pile bearing capacity
Ultimate vertical force

Rs
Rb

Rc
Vd

=
=

=
=

499.08
275.86

774.94
264.70

kN
kN

kN
kN

Rc = 774.94 kN > 264.70 kN = Vd

Pile bearing capacity is SATISFACTORY
 

Verification No. 1
Analysis of load settlement curve - input data

Layer

No.

Es
[MPa]

1
2
3
4
5

150.00
100.00
50.00
20.00

150.00

Maximum pile settlement slim = 25.0 mm
 
Analysis of load settlement curve - partial results

Correction factor for pile compressibility
Correction factor for Poisson's ratio of soil
Сorrection factor for stiffness of bearing stratum
Base-load proportion for incompressible pile
Proportion of applied load transferred to pile base
 
Influence coefficients of settlement :
Basic - dependent on ratio l/d
Correction factor for pile compressibility
Correction factor for finite depth of layer on a rigid base
Correction factor for Poisson's ratio of soil

Ck
Cv
Cb

0



I0
Rk
Rh
Rv

=
=
=
=
=

=
=
=
=

0.61
0.82
2.27
0.04
0.04

0.04
1.73
1.00
0.93
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Analysis of load settlement curve - results

Load at the onset of mobilization of skin friction
The settlement for the force Ryu
Total resistance
Maximum settlement

Ryu
sy
Rc
slim

=
=
=
=

946.88
3.2

1164.41
25.0

kN
mm
kN
mm

The settlement for maximum service load V = 250.00kN is 0.9mm.
 




