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INTRODUCTION 
 
Ground improvement using vibro stone columns has been proposed to accommodate the 
foundations for the proposed SeaPort Lofts Project located at the corner of Newbury and Hancock 
Streets in Portland, Maine.   
 
The objective of the vibro stone column ground improvement would be to introduce “reinforcing” 
elements (i.e. dense stone columns) into the soil profile to provide a stone column – soil 
composite with enhanced bearing capacity and settlement characteristics.   
 
GROUND CONDITIONS 
 
The soil profile beneath the site generally consists of existing fill to a depth of approximately 5 ft.  
The fill generally consisted of fine to coarse sand and gravel.  The fill is underlain by clay and 
sand soils to the termination depth of the borings.   
 
SOIL PROPERTIES 
 
The soil profile below the anticipated founding depths for the addition is summarized in Table 1 
below: 
 
Table 1 
Soil Unit Average Depth Range SPT “N” Value Modulus of Vol. Compressibililty 

 
Urban Fill - Sand 0 to 5 ft.  22 to 50+ N/A 
Natural Clay Soils 0 to 32.5 ft. 2 to 4 0.4 
Natural Sand Soils 0 to 32.5 ft. 3 to 30 N/A 
 
 

BEARING PRESSURE REQUIREMENTS 
 
The ground improvement has been designed to support the following bearing pressures: 
 

 A maximum uniformly distributed load (UDL) of up to 3,000 psf (143.4  kPa) beneath 
the pad footings and continuous wall footings. 

 
 
PERFORMANCE REQUIREMENTS 
 
In addition to safely supporting the specified foundation pressures, the ground improvement is 
based upon limiting post construction total settlements to a maximum of around 1 inch with a 
maximum differential of ½ inch.  The estimated settlement does not include any settlement that 
may occur due to the weight of structural fill used to adjust or raise site grades.   
 
 
 
 
 



 
 
 
 
 
 
DESIGN 
 
Vibro stone columns will be installed beneath the designated footings at the frequency and 
spacing shown on the vibro stone column layout drawing.  Vibro stone column installation will 
commence from the working platform level, with stone columns installed to a depth of 
approximately 22 ft. or refusal. 
 
 
DESIGN CALCULATIONS 
 
Settlement calculations have been produced (taking account of the loading conditions described 
above) and based upon the average soil profile for the Borings.  The calculations are presented in 
Appendix B and notes on the calculation method are provided in Appendix A.  
 
The calculations are based upon forming stone columns with a typical diameter of the order of 
700-750mm (around 2.5 feet) with an assumed angle of internal friction for the stone column of 
43 degrees.   
 
The results of the settlement calculations indicate maximum post construction settlements of less 
than 1 inch.  We would anticipate the maximum differential settlement to be less than ½ 
 inch. 
 
 
INSTALLATION OF SERVICES FOLLOWING STONE COLUMN INSTALLATION 
 
Where installation of services are proposed following installation of vibro stone columns, 
appropriate measures need to be taken by the contractor installing the foundations and services, to 
ensure that the integrity of the vibro stone column treatment is not compromised.  As a general 
rule, any excavation which potentially intersects a line drawn down at 45 degrees at underside of 
foundation level will potentially impact on the integrity of the treated ground due to disturbance 
of the treated ground.  Where this occurs, the disturbed soil should be removed and replaced with 
suitable granular material placed and compacted in layers or lean mix concrete until back above 
the 45 degree line, (dependent upon the requirements of the Local Authority). 
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MFSCALC

Determination of Improvement Factors (Priebe 1995)

Contract Name: Seaport Lofts Calculation Reference: 3' x 3'

Contract Number:

Po = 143.4 kN/m2
Founding Depth = 1.5239 m

Ao = 0.84 m2
φc = 43

Ec = 45 MN/m2

Layer d Dia. Ao/Ac Es γs υs n0 Ec/Es Kac (Ac/Ao)1 ∆(Ao/Ac) Ac/Ao n1 Σ(γs.∆d) Pc/Ps Pc Koc fd n2

Ref. m m MN/m2 kN/m3
Column Compressibility Overburden Constraint

1.52 18

1 2.13 0.70 2.18 9 9 0.33 5.62 5.00 0.19 0.42 1.37 0.28 3.16 30.158 8.68 394 0.32 1.20 3.79

2 3.05 0.70 2.18 9 9 0.33 5.62 5.00 0.19 0.42 1.37 0.28 3.16 37.025 8.68 394 0.32 1.25 3.96

3 3.66 0.70 2.18 9 9 0.33 5.62 5.00 0.19 0.42 1.37 0.28 3.16 43.91 8.68 394 0.32 1.31 4.16

4 4.57 0.70 2.18 9 9 0.33 5.62 5.00 0.19 0.42 1.37 0.28 3.16 50.75 8.68 394 0.32 1.38 4.37

5 6.09 0.70 2.18 9 9 0.33 5.62 5.00 0.19 0.42 1.37 0.28 3.16 61.685 8.68 394 0.32 1.51 4.77

6 6.71 0.70 2.18 9 9 0.33 5.62 5.00 0.19 0.42 1.37 0.28 3.16 71.315 8.68 394 0.32 1.64 5.17

7 8.53 0.70 2.18 75 9 0.33 5.62 0.60 0.19 -0.08 -14.09 -0.08 0.56 82.295 6.20 1579 0.32 1.13 0.63

8 10.67 0.70 2.18 75 9 0.33 5.62 0.60 0.19 -0.08 -14.09 -0.08 0.56 100.12 6.20 1579 0.32 1.16 0.65

Ao  = Area per stone column n0  = Basic improvement factor

Ac  = Cross sectional area of stone column n1  = Improvement factor with Column Compressibility

d  = depth to bottom of layer from ground level n2  = Improvement factor with Overburden Constraint
∆d  = Layer Thickness Po  = Imposed Stress

Koc  = Coeficient of Earth Pressure at rest of column Pc  = Imposed Stress on Column

Kac  = Coeficient for Active Earth Pressure of column Ps  = Imposed Stress on Soil

Ec  = Modulus of Stone Column γs  = Unit Weight of soil

Es  = Modulus of Soil υs  = Poissions Ratio

φc  = Friction angle of Stone Column

Calculation Sheet Page 1 of 2



MFSCALC

Determination of Settlement Beneath Pad/Strip Foundation

Contract Name: ort Lofts
Contract Number: 0

Po = 143 kN/m2
B = 0.9144 m

Ao = 0.84 m2
L = 0.9144 m

Improvement factor = n2 (n0, n1 or n2) Time = 50 years

Cohesive Soils Granular Soils Improvement

depth ∆d z z/B Po Po/σv Soil Profile Consolidation Immediate Immediate Creep Vibro Priebe
m m m kN/m2 mv µ ρc Cu Es/Cu ρi SPT N ρi ft ρi + ρcr ρT y/n n2 ρTn

0.61 0.61 0.303 0.331 96 3.19 0.4 0.8 18.63 18 180 0.49 0.00 1.54 0.00 19.12 y 3.79 5.05

1.53 0.92 1.0661 1.166 34 0.93 0.4 0.8 10.13 18 180 0.35 0.00 1.54 0.00 10.48 y 3.96 2.64

2.14 0.61 1.8311 2.003 13 0.29 0.4 0.8 2.52 18 180 0.07 0.00 1.54 0.00 2.58 y 4.16 0.62

3.05 0.91 2.5911 2.834 9 0.18 0.4 0.8 2.71 18 180 0.09 0.00 1.54 0.00 2.81 y 4.37 0.64

4.57 1.52 3.8061 4.163 0 0.00 0.4 0.8 0.00 18 180 0.00 0.00 1.54 0.00 0.00 y 4.77 0.00

5.19 0.62 4.8761 5.333 0 0.00 0.4 0.8 0.00 18 180 0.00 0.00 1.54 0.00 0.00 y 5.17 0.00

7.01 1.82 6.0961 6.667 0 0.00 0.00 0.00 50 0.00 1.54 0.00 0.00 1.00 0.00

9.15 2.14 8.0761 8.833 0 0.00 0.00 0.00 50 0.00 1.54 0.00 0.00 1.00 0.00

Pre-Treatment Settlement = 35.00 mm

Post Treatment Settlement = 8.96 mm

Ao  = Area per stone column Po  = Imposed Stress

B  = foundation width z  = depth below foundation to midpoint of layer

Cu  = cohesion of soil ∆d  = Layer Thickness

depth  = depth to top of layer below foundation level µ  = correction factor for 3D consolidation

Es  = Youngs modulus ρc  = Consolidation Settlement

L  = foundation Length ρi  = Immediate Settlement

mv  = coefficient of volumn compressibility ρcr  = Creep Settlement

n1  = Improvement factor with Column Compressibility ρT  = Total Settlement

n2  = Improvement factor with Overburden Constraint ρTn  = Total Settlement with Improvement

σv  = overburden stress

Calculation Sheet Page 2 of 2

 Ao  Area per stone Ro   Stone column radius 
In determining the settlements beneath foundations as a The immediate settlement in granular soils where standard 
Immediate settlements within the cohesive soils are given by Consolidation settlements within the cohesive layers are 



MFSCALC

Determination of Improvement Factors (Priebe 1995)

Contract Name: Seaport Lofts Calculation Reference: 4' x 4'

Contract Number:

Po = 143.4 kN/m2
Founding Depth = 1.5239 m

Ao = 0.74 m2
φc = 43

Ec = 45 MN/m2

Layer d Dia. Ao/Ac Es γs υs n0 Ec/Es Kac (Ac/Ao)1 ∆(Ao/Ac) Ac/Ao n1 Σ(γs.∆d) Pc/Ps Pc Koc fd n2

Ref. m m MN/m2 kN/m3
Column Compressibility Overburden Constraint

1.52 18

1 2.13 0.70 1.92 9 9 0.33 6.90 5.00 0.19 0.42 1.37 0.30 3.41 30.158 8.92 376 0.32 1.21 4.11

2 3.05 0.70 1.92 9 9 0.33 6.90 5.00 0.19 0.42 1.37 0.30 3.41 37.025 8.92 376 0.32 1.27 4.32

3 3.66 0.70 1.92 9 9 0.33 6.90 5.00 0.19 0.42 1.37 0.30 3.41 43.91 8.92 376 0.32 1.33 4.55

4 4.57 0.70 1.92 9 9 0.33 6.90 5.00 0.19 0.42 1.37 0.30 3.41 50.75 8.92 376 0.32 1.41 4.80

5 6.09 0.70 1.92 9 9 0.33 6.90 5.00 0.19 0.42 1.37 0.30 3.41 61.685 8.92 376 0.32 1.54 5.26

6 6.71 0.70 1.92 9 9 0.33 6.90 5.00 0.19 0.42 1.37 0.30 3.41 71.315 8.92 376 0.32 1.69 5.75

7 8.53 0.70 1.92 75 9 0.33 6.90 0.60 0.19 -0.08 -14.09 -0.08 0.57 82.295 6.21 1557 0.32 1.13 0.64

8 10.67 0.70 1.92 75 9 0.33 6.90 0.60 0.19 -0.08 -14.09 -0.08 0.57 100.12 6.21 1557 0.32 1.16 0.66

Ao  = Area per stone column n0  = Basic improvement factor

Ac  = Cross sectional area of stone column n1  = Improvement factor with Column Compressibility

d  = depth to bottom of layer from ground level n2  = Improvement factor with Overburden Constraint
∆d  = Layer Thickness Po  = Imposed Stress

Koc  = Coeficient of Earth Pressure at rest of column Pc  = Imposed Stress on Column

Kac  = Coeficient for Active Earth Pressure of column Ps  = Imposed Stress on Soil

Ec  = Modulus of Stone Column γs  = Unit Weight of soil

Es  = Modulus of Soil υs  = Poissions Ratio

φc  = Friction angle of Stone Column

Calculation Sheet Page 1 of 2



MFSCALC

Determination of Settlement Beneath Pad/Strip Foundation

Contract Name: ort Lofts
Contract Number: 0

Po = 143 kN/m2
B = 1.2191 m

Ao = 0.74 m2
L = 1.2191 m

Improvement factor = n2 (n0, n1 or n2) Time = 50 years

Cohesive Soils Granular Soils Improvement

depth ∆d z z/B Po Po/σv Soil Profile Consolidation Immediate Immediate Creep Vibro Priebe
m m m kN/m2 mv µ ρc Cu Es/Cu ρi SPT N ρi ft ρi + ρcr ρT y/n n2 ρTn

0.61 0.61 0.303 0.249 109 3.61 0.4 0.8 21.14 18 180 0.15 0.00 1.54 0.00 21.28 y 4.11 5.17

1.53 0.92 1.0661 0.874 49 1.32 0.4 0.8 14.35 18 180 0.33 0.00 1.54 0.00 14.68 y 4.32 3.40

2.14 0.61 1.8311 1.502 22 0.49 0.4 0.8 4.20 18 180 0.03 0.00 1.54 0.00 4.23 y 4.55 0.93

3.05 0.91 2.5911 2.125 12 0.24 0.4 0.8 3.55 18 180 0.08 0.00 1.54 0.00 3.63 y 4.80 0.76

4.57 1.52 3.8061 3.122 4 0.07 0.4 0.8 2.09 18 180 0.09 0.00 1.54 0.00 2.18 y 5.26 0.41

5.19 0.62 4.8761 4.000 1 0.02 0.4 0.8 0.28 18 180 0.00 0.00 1.54 0.00 0.29 y 5.75 0.05

7.01 1.82 6.0961 5.000 0 0.00 0.00 0.00 50 0.00 1.54 0.00 0.00 1.00 0.00

9.15 2.14 8.0761 6.624 0 0.00 0.00 0.00 50 0.00 1.54 0.00 0.00 1.00 0.00

Pre-Treatment Settlement = 46.30 mm

Post Treatment Settlement = 10.72 mm

Ao  = Area per stone column Po  = Imposed Stress

B  = foundation width z  = depth below foundation to midpoint of layer

Cu  = cohesion of soil ∆d  = Layer Thickness

depth  = depth to top of layer below foundation level µ  = correction factor for 3D consolidation

Es  = Youngs modulus ρc  = Consolidation Settlement

L  = foundation Length ρi  = Immediate Settlement

mv  = coefficient of volumn compressibility ρcr  = Creep Settlement

n1  = Improvement factor with Column Compressibility ρT  = Total Settlement

n2  = Improvement factor with Overburden Constraint ρTn  = Total Settlement with Improvement

σv  = overburden stress

Calculation Sheet Page 2 of 2

 Ao  Area per stone Ro   Stone column radius 
In determining the settlements beneath foundations as a The immediate settlement in granular soils where standard 
Immediate settlements within the cohesive soils are given by Consolidation settlements within the cohesive layers are 



MFSCALC

Determination of Improvement Factors (Priebe 1995)

Contract Name: Seaport Lofts Calculation Reference: 5' x 5'

Contract Number:

Po = 143.4 kN/m2
Founding Depth = 1.5239 m

Ao = 1.16 m2
φc = 43

Ec = 45 MN/m2

Layer d Dia. Ao/Ac Es γs υs n0 Ec/Es Kac (Ac/Ao)1 ∆(Ao/Ac) Ac/Ao n1 Σ(γs.∆d) Pc/Ps Pc Koc fd n2

Ref. m m MN/m2 kN/m3
Column Compressibility Overburden Constraint

1.52 18

1 2.13 0.70 3.01 9 9 0.33 3.73 5.00 0.19 0.42 1.37 0.23 2.64 30.158 8.18 445 0.32 1.17 3.09

2 3.05 0.70 3.01 9 9 0.33 3.73 5.00 0.19 0.42 1.37 0.23 2.64 37.025 8.18 445 0.32 1.22 3.21

3 3.66 0.70 3.01 9 9 0.33 3.73 5.00 0.19 0.42 1.37 0.23 2.64 43.91 8.18 445 0.32 1.27 3.35

4 4.57 0.70 3.01 9 9 0.33 3.73 5.00 0.19 0.42 1.37 0.23 2.64 50.75 8.18 445 0.32 1.32 3.49

5 6.09 0.70 3.01 9 9 0.33 3.73 5.00 0.19 0.42 1.37 0.23 2.64 61.685 8.18 445 0.32 1.42 3.75

6 6.71 0.70 3.01 9 9 0.33 3.73 5.00 0.19 0.42 1.37 0.23 2.64 71.315 8.18 445 0.32 1.52 4.02

7 8.53 0.70 3.01 75 9 0.33 3.73 0.60 0.19 -0.08 -14.09 -0.09 0.53 82.295 6.17 1661 0.32 1.12 0.60

8 10.67 0.70 3.01 75 9 0.33 3.73 0.60 0.19 -0.08 -14.09 -0.09 0.53 100.12 6.17 1661 0.32 1.15 0.61

Ao  = Area per stone column n0  = Basic improvement factor

Ac  = Cross sectional area of stone column n1  = Improvement factor with Column Compressibility

d  = depth to bottom of layer from ground level n2  = Improvement factor with Overburden Constraint
∆d  = Layer Thickness Po  = Imposed Stress

Koc  = Coeficient of Earth Pressure at rest of column Pc  = Imposed Stress on Column

Kac  = Coeficient for Active Earth Pressure of column Ps  = Imposed Stress on Soil

Ec  = Modulus of Stone Column γs  = Unit Weight of soil

Es  = Modulus of Soil υs  = Poissions Ratio

φc  = Friction angle of Stone Column

Calculation Sheet Page 1 of 2



MFSCALC

Determination of Settlement Beneath Pad/Strip Foundation

Contract Name: ort Lofts
Contract Number: 0

Po = 143 kN/m2
B = 1.5239 m

Ao = 1.16 m2
L = 1.5239 m

Improvement factor = n2 (n0, n1 or n2) Time = 50 years

Cohesive Soils Granular Soils Improvement

depth ∆d z z/B Po Po/σv Soil Profile Consolidation Immediate Immediate Creep Vibro Priebe
m m m kN/m2 mv µ ρc Cu Es/Cu ρi SPT N ρi ft ρi + ρcr ρT y/n n2 ρTn

0.61 0.61 0.303 0.199 123 4.09 0.4 0.8 23.92 18 180 0.21 0.00 1.54 0.00 24.13 y 3.09 7.82

1.53 0.92 1.0661 0.700 65 1.74 0.4 0.8 19.00 18 180 0.55 0.00 1.54 0.00 19.54 y 3.21 6.09

2.14 0.61 1.8311 1.202 30 0.69 0.4 0.8 5.88 18 180 0.05 0.00 1.54 0.00 5.93 y 3.35 1.77

3.05 0.91 2.5911 1.700 17 0.34 0.4 0.8 5.01 18 180 0.03 0.00 1.54 0.00 5.04 y 3.49 1.44

4.57 1.52 3.8061 2.498 10 0.16 0.4 0.8 4.88 18 180 0.17 0.00 1.54 0.00 5.05 y 3.75 1.35

5.19 0.62 4.8761 3.200 4 0.06 0.4 0.8 0.85 18 180 0.01 0.00 1.54 0.00 0.86 y 4.02 0.21

7.01 1.82 6.0961 4.000 0 0.00 0.00 0.00 50 0.00 1.54 0.00 0.00 1.00 0.00

9.15 2.14 8.0761 5.300 0 0.00 0.00 0.00 50 0.00 1.54 0.00 0.00 1.00 0.00

Pre-Treatment Settlement = 60.55 mm

Post Treatment Settlement = 18.68 mm

Ao  = Area per stone column Po  = Imposed Stress

B  = foundation width z  = depth below foundation to midpoint of layer

Cu  = cohesion of soil ∆d  = Layer Thickness

depth  = depth to top of layer below foundation level µ  = correction factor for 3D consolidation

Es  = Youngs modulus ρc  = Consolidation Settlement

L  = foundation Length ρi  = Immediate Settlement

mv  = coefficient of volumn compressibility ρcr  = Creep Settlement

n1  = Improvement factor with Column Compressibility ρT  = Total Settlement

n2  = Improvement factor with Overburden Constraint ρTn  = Total Settlement with Improvement

σv  = overburden stress

Calculation Sheet Page 2 of 2

 Ao  Area per stone Ro   Stone column radius 
In determining the settlements beneath foundations as a The immediate settlement in granular soils where standard 
Immediate settlements within the cohesive soils are given by Consolidation settlements within the cohesive layers are 



MFSCALC

Determination of Improvement Factors (Priebe 1995)

Contract Name: Seaport Lofts Calculation Reference: 6' x 6'

Contract Number:

Po = 143.4 kN/m2
Founding Depth = 1.5239 m

Ao = 0.84 m2
φc = 43

Ec = 45 MN/m2

Layer d Dia. Ao/Ac Es γs υs n0 Ec/Es Kac (Ac/Ao)1 ∆(Ao/Ac) Ac/Ao n1 Σ(γs.∆d) Pc/Ps Pc Koc fd n2

Ref. m m MN/m2 kN/m3
Column Compressibility Overburden Constraint

1.52 18

1 2.13 0.70 2.18 9 9 0.33 5.62 5.00 0.19 0.42 1.37 0.28 3.16 30.158 8.68 394 0.32 1.20 3.79

2 3.05 0.70 2.18 9 9 0.33 5.62 5.00 0.19 0.42 1.37 0.28 3.16 37.025 8.68 394 0.32 1.25 3.96

3 3.66 0.70 2.18 9 9 0.33 5.62 5.00 0.19 0.42 1.37 0.28 3.16 43.91 8.68 394 0.32 1.31 4.16

4 4.57 0.70 2.18 9 9 0.33 5.62 5.00 0.19 0.42 1.37 0.28 3.16 50.75 8.68 394 0.32 1.38 4.37

5 6.09 0.70 2.18 9 9 0.33 5.62 5.00 0.19 0.42 1.37 0.28 3.16 61.685 8.68 394 0.32 1.51 4.77

6 6.71 0.70 2.18 9 9 0.33 5.62 5.00 0.19 0.42 1.37 0.28 3.16 71.315 8.68 394 0.32 1.64 5.17

7 8.53 0.70 2.18 75 9 0.33 5.62 0.60 0.19 -0.08 -14.09 -0.08 0.56 82.295 6.20 1579 0.32 1.13 0.63

8 10.67 0.70 2.18 75 9 0.33 5.62 0.60 0.19 -0.08 -14.09 -0.08 0.56 100.12 6.20 1579 0.32 1.16 0.65

Ao  = Area per stone column n0  = Basic improvement factor

Ac  = Cross sectional area of stone column n1  = Improvement factor with Column Compressibility

d  = depth to bottom of layer from ground level n2  = Improvement factor with Overburden Constraint
∆d  = Layer Thickness Po  = Imposed Stress

Koc  = Coeficient of Earth Pressure at rest of column Pc  = Imposed Stress on Column

Kac  = Coeficient for Active Earth Pressure of column Ps  = Imposed Stress on Soil

Ec  = Modulus of Stone Column γs  = Unit Weight of soil

Es  = Modulus of Soil υs  = Poissions Ratio

φc  = Friction angle of Stone Column

Calculation Sheet Page 1 of 2



MFSCALC

Determination of Settlement Beneath Pad/Strip Foundation

Contract Name: ort Lofts
Contract Number: 0

Po = 143 kN/m2
B = 2.1335 m

Ao = 0.84 m2
L = 2.1335 m

Improvement factor = n2 (n0, n1 or n2) Time = 50 years

Cohesive Soils Granular Soils Improvement

depth ∆d z z/B Po Po/σv Soil Profile Consolidation Immediate Immediate Creep Vibro Priebe
m m m kN/m2 mv µ ρc Cu Es/Cu ρi SPT N ρi ft ρi + ρcr ρT y/n n2 ρTn

0.61 0.61 0.303 0.142 123 4.09 0.4 0.8 23.92 18 180 0.29 0.00 1.54 0.00 24.21 y 3.79 6.40

1.53 0.92 1.0661 0.500 85 2.29 0.4 0.8 24.91 18 180 0.20 0.00 1.54 0.00 25.11 y 3.96 6.34

2.14 0.61 1.8311 0.858 49 1.11 0.4 0.8 9.52 18 180 0.12 0.00 1.54 0.00 9.63 y 4.16 2.32

3.05 0.91 2.5911 1.214 30 0.59 0.4 0.8 8.77 18 180 0.07 0.00 1.54 0.00 8.84 y 4.37 2.02

4.57 1.52 3.8061 1.784 17 0.28 0.4 0.8 8.37 18 180 0.20 0.00 1.54 0.00 8.57 y 4.77 1.80

5.19 0.62 4.8761 2.285 11 0.16 0.4 0.8 2.28 18 180 0.03 0.00 1.54 0.00 2.30 y 5.17 0.45

7.01 1.82 6.0961 2.857 9 0.11 0.00 0.00 50 0.11 1.54 0.17 0.17 1.00 0.17

9.15 2.14 8.0761 3.785 1 0.01 0.00 0.00 50 0.02 1.54 0.03 0.03 1.00 0.03

Pre-Treatment Settlement = 78.87 mm

Post Treatment Settlement = 19.52 mm

Ao  = Area per stone column Po  = Imposed Stress

B  = foundation width z  = depth below foundation to midpoint of layer

Cu  = cohesion of soil ∆d  = Layer Thickness

depth  = depth to top of layer below foundation level µ  = correction factor for 3D consolidation

Es  = Youngs modulus ρc  = Consolidation Settlement

L  = foundation Length ρi  = Immediate Settlement

mv  = coefficient of volumn compressibility ρcr  = Creep Settlement

n1  = Improvement factor with Column Compressibility ρT  = Total Settlement

n2  = Improvement factor with Overburden Constraint ρTn  = Total Settlement with Improvement

σv  = overburden stress

Calculation Sheet Page 2 of 2

 Ao  Area per stone Ro   Stone column radius 
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MFSCALC

Determination of Improvement Factors (Priebe 1995)

Contract Name: Seaport Lofts Calculation Reference: 7' x 7'

Contract Number:

Po = 143.4 kN/m2
Founding Depth = 1.5239 m

Ao = 1.14 m2
φc = 43

Ec = 45 MN/m2

Layer d Dia. Ao/Ac Es γs υs n0 Ec/Es Kac (Ac/Ao)1 ∆(Ao/Ac) Ac/Ao n1 Σ(γs.∆d) Pc/Ps Pc Koc fd n2

Ref. m m MN/m2 kN/m3
Column Compressibility Overburden Constraint

1.52 18

1 2.13 0.70 2.96 9 9 0.33 3.80 5.00 0.19 0.42 1.37 0.23 2.66 30.158 8.20 442 0.32 1.17 3.12

2 3.05 0.70 2.96 9 9 0.33 3.80 5.00 0.19 0.42 1.37 0.23 2.66 37.025 8.20 442 0.32 1.22 3.25

3 3.66 0.70 2.96 9 9 0.33 3.80 5.00 0.19 0.42 1.37 0.23 2.66 43.91 8.20 442 0.32 1.27 3.38

4 4.57 0.70 2.96 9 9 0.33 3.80 5.00 0.19 0.42 1.37 0.23 2.66 50.75 8.20 442 0.32 1.33 3.53

5 6.09 0.70 2.96 9 9 0.33 3.80 5.00 0.19 0.42 1.37 0.23 2.66 61.685 8.20 442 0.32 1.43 3.80

6 6.71 0.70 2.96 9 9 0.33 3.80 5.00 0.19 0.42 1.37 0.23 2.66 71.315 8.20 442 0.32 1.53 4.07

7 8.53 0.70 2.96 75 9 0.33 3.80 0.60 0.19 -0.08 -14.09 -0.09 0.53 82.295 6.18 1656 0.32 1.12 0.60

8 10.67 0.70 2.96 75 9 0.33 3.80 0.60 0.19 -0.08 -14.09 -0.09 0.53 100.12 6.18 1656 0.32 1.15 0.61

Ao  = Area per stone column n0  = Basic improvement factor

Ac  = Cross sectional area of stone column n1  = Improvement factor with Column Compressibility

d  = depth to bottom of layer from ground level n2  = Improvement factor with Overburden Constraint
∆d  = Layer Thickness Po  = Imposed Stress

Koc  = Coeficient of Earth Pressure at rest of column Pc  = Imposed Stress on Column

Kac  = Coeficient for Active Earth Pressure of column Ps  = Imposed Stress on Soil

Ec  = Modulus of Stone Column γs  = Unit Weight of soil

Es  = Modulus of Soil υs  = Poissions Ratio

φc  = Friction angle of Stone Column

Calculation Sheet Page 1 of 2



MFSCALC

Determination of Settlement Beneath Pad/Strip Foundation

Contract Name: ort Lofts
Contract Number: 0

Po = 143 kN/m2
B = 2.1335 m

Ao = 1.14 m2
L = 2.1335 m

Improvement factor = n2 (n0, n1 or n2) Time = 50 years

Cohesive Soils Granular Soils Improvement

depth ∆d z z/B Po Po/σv Soil Profile Consolidation Immediate Immediate Creep Vibro Priebe
m m m kN/m2 mv µ ρc Cu Es/Cu ρi SPT N ρi ft ρi + ρcr ρT y/n n2 ρTn

0.61 0.61 0.303 0.142 123 4.09 0.4 0.8 23.92 18 180 0.29 0.00 1.54 0.00 24.21 y 3.12 7.76

1.53 0.92 1.0661 0.500 85 2.29 0.4 0.8 24.91 18 180 0.20 0.00 1.54 0.00 25.11 y 3.25 7.74

2.14 0.61 1.8311 0.858 49 1.11 0.4 0.8 9.52 18 180 0.12 0.00 1.54 0.00 9.63 y 3.38 2.85

3.05 0.91 2.5911 1.214 30 0.59 0.4 0.8 8.77 18 180 0.07 0.00 1.54 0.00 8.84 y 3.53 2.50

4.57 1.52 3.8061 1.784 17 0.28 0.4 0.8 8.37 18 180 0.20 0.00 1.54 0.00 8.57 y 3.80 2.26

5.19 0.62 4.8761 2.285 11 0.16 0.4 0.8 2.28 18 180 0.03 0.00 1.54 0.00 2.30 y 4.07 0.57

7.01 1.82 6.0961 2.857 9 0.11 0.00 0.00 50 0.11 1.54 0.17 0.17 1.00 0.17

9.15 2.14 8.0761 3.785 1 0.01 0.00 0.00 50 0.02 1.54 0.03 0.03 1.00 0.03

Pre-Treatment Settlement = 78.87 mm

Post Treatment Settlement = 23.87 mm

Ao  = Area per stone column Po  = Imposed Stress

B  = foundation width z  = depth below foundation to midpoint of layer

Cu  = cohesion of soil ∆d  = Layer Thickness

depth  = depth to top of layer below foundation level µ  = correction factor for 3D consolidation

Es  = Youngs modulus ρc  = Consolidation Settlement

L  = foundation Length ρi  = Immediate Settlement

mv  = coefficient of volumn compressibility ρcr  = Creep Settlement

n1  = Improvement factor with Column Compressibility ρT  = Total Settlement

n2  = Improvement factor with Overburden Constraint ρTn  = Total Settlement with Improvement

σv  = overburden stress

Calculation Sheet Page 2 of 2
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MFSCALC

Determination of Improvement Factors (Priebe 1995)

Contract Name: Seaport Lofts Calculation Reference: 10.25' x 13.5'

Contract Number:

Po = 143.4 kN/m2
Founding Depth = 1.5239 m

Ao = 0.64 m2
φc = 43

Ec = 45 MN/m2

Layer d Dia. Ao/Ac Es γs υs n0 Ec/Es Kac (Ac/Ao)1 ∆(Ao/Ac) Ac/Ao n1 Σ(γs.∆d) Pc/Ps Pc Koc fd n2

Ref. m m MN/m2 kN/m3
Column Compressibility Overburden Constraint

1.52 18

1 2.13 0.70 1.66 9 9 0.33 9.17 5.00 0.19 0.42 1.37 0.33 3.71 30.158 9.21 356 0.32 1.22 4.53

2 3.05 0.70 1.66 9 9 0.33 9.17 5.00 0.19 0.42 1.37 0.33 3.71 37.025 9.21 356 0.32 1.29 4.77

3 3.66 0.70 1.66 9 9 0.33 9.17 5.00 0.19 0.42 1.37 0.33 3.71 43.91 9.21 356 0.32 1.36 5.04

4 4.57 0.70 1.66 9 9 0.33 9.17 5.00 0.19 0.42 1.37 0.33 3.71 50.75 9.21 356 0.32 1.44 5.34

5 6.09 0.70 1.66 9 9 0.33 9.17 5.00 0.19 0.42 1.37 0.33 3.71 61.685 9.21 356 0.32 1.59 5.90

6 6.71 0.70 1.66 9 9 0.33 9.17 5.00 0.19 0.42 1.37 0.33 3.71 71.315 9.21 356 0.32 1.75 6.50

7 8.53 0.70 1.66 75 9 0.33 9.17 0.60 0.19 -0.08 -14.09 -0.08 0.58 82.295 6.22 1537 0.32 1.13 0.66

8 10.67 0.70 1.66 75 9 0.33 9.17 0.60 0.19 -0.08 -14.09 -0.08 0.58 100.12 6.22 1537 0.32 1.16 0.67

Ao  = Area per stone column n0  = Basic improvement factor

Ac  = Cross sectional area of stone column n1  = Improvement factor with Column Compressibility

d  = depth to bottom of layer from ground level n2  = Improvement factor with Overburden Constraint
∆d  = Layer Thickness Po  = Imposed Stress

Koc  = Coeficient of Earth Pressure at rest of column Pc  = Imposed Stress on Column

Kac  = Coeficient for Active Earth Pressure of column Ps  = Imposed Stress on Soil

Ec  = Modulus of Stone Column γs  = Unit Weight of soil

Es  = Modulus of Soil υs  = Poissions Ratio

φc  = Friction angle of Stone Column

Calculation Sheet Page 1 of 2



MFSCALC

Determination of Settlement Beneath Pad/Strip Foundation

Contract Name: ort Lofts
Contract Number: 0

Po = 143 kN/m2
B = 3.124 m

Ao = 0.64 m2
L = 4.1146 m

Improvement factor = n2 (n0, n1 or n2) Time = 50 years

Cohesive Soils Granular Soils Improvement

depth ∆d z z/B Po Po/σv Soil Profile Consolidation Immediate Immediate Creep Vibro Priebe
m m m kN/m2 mv µ ρc Cu Es/Cu ρi SPT N ρi ft ρi + ρcr ρT y/n n2 ρTn

0.61 0.61 0.303 0.097 143 4.76 0.4 0.8 27.81 18 180 0.50 0.00 1.54 0.00 28.31 y 4.53 6.25

1.53 0.92 1.0661 0.341 96 2.59 0.4 0.8 28.29 18 180 0.33 0.00 1.54 0.00 28.62 y 4.77 6.00

2.14 0.61 1.8311 0.586 73 1.67 0.4 0.8 14.28 18 180 0.25 0.00 1.54 0.00 14.53 y 5.04 2.88

3.05 0.91 2.5911 0.829 49 0.96 0.4 0.8 14.20 18 180 0.17 0.00 1.54 0.00 14.37 y 5.34 2.69

4.57 1.52 3.8061 1.218 30 0.49 0.4 0.8 14.65 18 180 0.10 0.00 1.54 0.00 14.75 y 5.90 2.50

5.19 0.62 4.8761 1.561 22 0.30 0.4 0.8 4.27 18 180 0.07 0.00 1.54 0.00 4.34 y 6.50 0.67

7.01 1.82 6.0961 1.951 14 0.17 0.00 0.00 50 0.24 1.54 0.37 0.37 1.00 0.37

9.15 2.14 8.0761 2.585 9 0.09 0.00 0.00 50 0.16 1.54 0.24 0.24 1.00 0.24

Pre-Treatment Settlement = 105.53 mm

Post Treatment Settlement = 21.59 mm

Ao  = Area per stone column Po  = Imposed Stress

B  = foundation width z  = depth below foundation to midpoint of layer

Cu  = cohesion of soil ∆d  = Layer Thickness

depth  = depth to top of layer below foundation level µ  = correction factor for 3D consolidation

Es  = Youngs modulus ρc  = Consolidation Settlement

L  = foundation Length ρi  = Immediate Settlement

mv  = coefficient of volumn compressibility ρcr  = Creep Settlement

n1  = Improvement factor with Column Compressibility ρT  = Total Settlement

n2  = Improvement factor with Overburden Constraint ρTn  = Total Settlement with Improvement

σv  = overburden stress

Calculation Sheet Page 2 of 2
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MFSCALC

Determination of Improvement Factors (Priebe 1995)

Contract Name: Seaport Lofts Calculation Reference: 2 ft. strip footing

Contract Number:

Po = 143.4 kN/m2
Founding Depth = 1.5239 m

Ao = 1.5 m2
φc = 43

Ec = 45 MN/m2

Layer d Dia. Ao/Ac Es γs υs n0 Ec/Es Kac (Ac/Ao)1 ∆(Ao/Ac) Ac/Ao n1 Σ(γs.∆d) Pc/Ps Pc Koc fd n2

Ref. m m MN/m2 kN/m3
Column Compressibility Overburden Constraint

1.52 18

1 2.13 0.70 3.90 9 9 0.33 2.91 5.00 0.19 0.42 1.37 0.19 2.30 30.158 7.85 489 0.32 1.15 2.65

2 3.05 0.70 3.90 9 9 0.33 2.91 5.00 0.19 0.42 1.37 0.19 2.30 37.025 7.85 489 0.32 1.19 2.75

3 3.66 0.70 3.90 9 9 0.33 2.91 5.00 0.19 0.42 1.37 0.19 2.30 43.91 7.85 489 0.32 1.24 2.85

4 4.57 0.70 3.90 9 9 0.33 2.91 5.00 0.19 0.42 1.37 0.19 2.30 50.75 7.85 489 0.32 1.29 2.96

5 6.09 0.70 3.90 9 9 0.33 2.91 5.00 0.19 0.42 1.37 0.19 2.30 61.685 7.85 489 0.32 1.37 3.15

6 6.71 0.70 3.90 9 9 0.33 2.91 5.00 0.19 0.42 1.37 0.19 2.30 71.315 7.85 489 0.32 1.45 3.35

7 8.53 0.70 3.90 75 9 0.33 2.91 0.60 0.19 -0.08 -14.09 -0.10 0.50 82.295 6.14 1776 0.32 1.11 0.55

8 10.67 0.70 3.90 75 9 0.33 2.91 0.60 0.19 -0.08 -14.09 -0.10 0.50 100.12 6.14 1776 0.32 1.14 0.56

Ao  = Area per stone column n0  = Basic improvement factor

Ac  = Cross sectional area of stone column n1  = Improvement factor with Column Compressibility

d  = depth to bottom of layer from ground level n2  = Improvement factor with Overburden Constraint
∆d  = Layer Thickness Po  = Imposed Stress

Koc  = Coeficient of Earth Pressure at rest of column Pc  = Imposed Stress on Column

Kac  = Coeficient for Active Earth Pressure of column Ps  = Imposed Stress on Soil

Ec  = Modulus of Stone Column γs  = Unit Weight of soil

Es  = Modulus of Soil υs  = Poissions Ratio

φc  = Friction angle of Stone Column

Calculation Sheet Page 1 of 2



MFSCALC

Determination of Settlement Beneath Pad/Strip Foundation

Contract Name: ort Lofts
Contract Number: 0

Po = 143 kN/m2
B = 0.6096 m

Ao = 1.50 m2
L = 18.287 m

Improvement factor = n2 (n0, n1 or n2) Time = 50 years

Cohesive Soils Granular Soils Improvement

depth ∆d z z/B Po Po/σv Soil Profile Consolidation Immediate Immediate Creep Vibro Priebe
m m m kN/m2 mv µ ρc Cu Es/Cu ρi SPT N ρi ft ρi + ρcr ρT y/n n2 ρTn

0.61 0.61 0.303 0.497 108 3.57 0.4 0.8 20.86 18 180 0.73 0.00 1.54 0.00 21.59 y 2.65 8.14

1.53 0.92 1.0661 1.749 46 1.24 0.4 0.8 13.51 18 180 0.47 0.00 1.54 0.00 13.98 y 2.75 5.09

2.14 0.61 1.8311 3.004 22 0.49 0.4 0.8 4.20 18 180 0.15 0.00 1.54 0.00 4.34 y 2.85 1.52

3.05 0.91 2.5911 4.251 7 0.14 0.4 0.8 2.09 18 180 0.07 0.00 1.54 0.00 2.16 y 2.96 0.73

4.57 1.52 3.8061 6.244 0 0.00 0.4 0.8 0.00 18 180 0.00 0.00 1.54 0.00 0.00 y 3.15 0.00

5.19 0.62 4.8761 7.999 0 0.00 0.4 0.8 0.00 18 180 0.00 0.00 1.54 0.00 0.00 y 3.35 0.00

7.01 1.82 6.0961 10.001 0 0.00 0.00 0.00 50 0.00 1.54 0.00 0.00 1.00 0.00

9.15 2.14 8.0761 13.249 0 0.00 0.00 0.00 50 0.00 1.54 0.00 0.00 1.00 0.00

Pre-Treatment Settlement = 42.07 mm

Post Treatment Settlement = 15.49 mm

Ao  = Area per stone column Po  = Imposed Stress

B  = foundation width z  = depth below foundation to midpoint of layer

Cu  = cohesion of soil ∆d  = Layer Thickness

depth  = depth to top of layer below foundation level µ  = correction factor for 3D consolidation

Es  = Youngs modulus ρc  = Consolidation Settlement

L  = foundation Length ρi  = Immediate Settlement

mv  = coefficient of volumn compressibility ρcr  = Creep Settlement

n1  = Improvement factor with Column Compressibility ρT  = Total Settlement

n2  = Improvement factor with Overburden Constraint ρTn  = Total Settlement with Improvement

σv  = overburden stress

Calculation Sheet Page 2 of 2
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MFSCALC

Determination of Improvement Factors (Priebe 1995)

Contract Name: Seaport Lofts Calculation Reference: 3.5 ft. strip footing

Contract Number:

Po = 143.4 kN/m2
Founding Depth = 1.5239 m

Ao = 1.5 m2
φc = 43

Ec = 45 MN/m2

Layer d Dia. Ao/Ac Es γs υs n0 Ec/Es Kac (Ac/Ao)1 ∆(Ao/Ac) Ac/Ao n1 Σ(γs.∆d) Pc/Ps Pc Koc fd n2

Ref. m m MN/m2 kN/m3
Column Compressibility Overburden Constraint

1.52 18

1 2.13 0.70 3.90 9 9 0.33 2.91 5.00 0.19 0.42 1.37 0.19 2.30 30.158 7.85 489 0.32 1.15 2.65

2 3.05 0.70 3.90 9 9 0.33 2.91 5.00 0.19 0.42 1.37 0.19 2.30 37.025 7.85 489 0.32 1.19 2.75

3 3.66 0.70 3.90 9 9 0.33 2.91 5.00 0.19 0.42 1.37 0.19 2.30 43.91 7.85 489 0.32 1.24 2.85

4 4.57 0.70 3.90 9 9 0.33 2.91 5.00 0.19 0.42 1.37 0.19 2.30 50.75 7.85 489 0.32 1.29 2.96

5 6.09 0.70 3.90 9 9 0.33 2.91 5.00 0.19 0.42 1.37 0.19 2.30 61.685 7.85 489 0.32 1.37 3.15

6 6.71 0.70 3.90 9 9 0.33 2.91 5.00 0.19 0.42 1.37 0.19 2.30 71.315 7.85 489 0.32 1.45 3.35

7 8.53 0.70 3.90 75 9 0.33 2.91 0.60 0.19 -0.08 -14.09 -0.10 0.50 82.295 6.14 1776 0.32 1.11 0.55

8 10.67 0.70 3.90 75 9 0.33 2.91 0.60 0.19 -0.08 -14.09 -0.10 0.50 100.12 6.14 1776 0.32 1.14 0.56

Ao  = Area per stone column n0  = Basic improvement factor

Ac  = Cross sectional area of stone column n1  = Improvement factor with Column Compressibility

d  = depth to bottom of layer from ground level n2  = Improvement factor with Overburden Constraint
∆d  = Layer Thickness Po  = Imposed Stress

Koc  = Coeficient of Earth Pressure at rest of column Pc  = Imposed Stress on Column

Kac  = Coeficient for Active Earth Pressure of column Ps  = Imposed Stress on Soil

Ec  = Modulus of Stone Column γs  = Unit Weight of soil

Es  = Modulus of Soil υs  = Poissions Ratio

φc  = Friction angle of Stone Column

Calculation Sheet Page 1 of 2



MFSCALC

Determination of Settlement Beneath Pad/Strip Foundation

Contract Name: ort Lofts
Contract Number: 0

Po = 143 kN/m2
B = 1.0667 m

Ao = 1.50 m2
L = 12.191 m

Improvement factor = n2 (n0, n1 or n2) Time = 50 years

Cohesive Soils Granular Soils Improvement

depth ∆d z z/B Po Po/σv Soil Profile Consolidation Immediate Immediate Creep Vibro Priebe
m m m kN/m2 mv µ ρc Cu Es/Cu ρi SPT N ρi ft ρi + ρcr ρT y/n n2 ρTn

0.61 0.61 0.303 0.284 123 4.09 0.4 0.8 23.92 18 180 0.15 0.00 1.54 0.00 24.06 y 2.65 9.08

1.53 0.92 1.0661 0.999 75 2.01 0.4 0.8 21.95 18 180 0.44 0.00 1.54 0.00 22.40 y 2.75 8.15

2.14 0.61 1.8311 1.717 46 1.05 0.4 0.8 8.96 18 180 0.05 0.00 1.54 0.00 9.01 y 2.85 3.16

3.05 0.91 2.5911 2.429 30 0.59 0.4 0.8 8.77 18 180 0.18 0.00 1.54 0.00 8.95 y 2.96 3.02

4.57 1.52 3.8061 3.568 14 0.23 0.4 0.8 6.98 18 180 0.25 0.00 1.54 0.00 7.23 y 3.15 2.29

5.19 0.62 4.8761 4.571 1 0.02 0.4 0.8 0.28 18 180 0.00 0.00 1.54 0.00 0.29 y 3.35 0.09

7.01 1.82 6.0961 5.715 0 0.00 0.00 0.00 50 0.00 1.54 0.00 0.00 1.00 0.00

9.15 2.14 8.0761 7.571 0 0.00 0.00 0.00 50 0.00 1.54 0.00 0.00 1.00 0.00

Pre-Treatment Settlement = 71.94 mm

Post Treatment Settlement = 25.80 mm

Ao  = Area per stone column Po  = Imposed Stress

B  = foundation width z  = depth below foundation to midpoint of layer

Cu  = cohesion of soil ∆d  = Layer Thickness

depth  = depth to top of layer below foundation level µ  = correction factor for 3D consolidation

Es  = Youngs modulus ρc  = Consolidation Settlement

L  = foundation Length ρi  = Immediate Settlement

mv  = coefficient of volumn compressibility ρcr  = Creep Settlement

n1  = Improvement factor with Column Compressibility ρT  = Total Settlement

n2  = Improvement factor with Overburden Constraint ρTn  = Total Settlement with Improvement

σv  = overburden stress

Calculation Sheet Page 2 of 2
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MFSCALC

Determination of Improvement Factors (Priebe 1995)

Contract Name: Seaport Lofts Calculation Reference: 5 ft. strip footing

Contract Number:

Po = 143.4 kN/m2
Founding Depth = 1.5239 m

Ao = 1 m2
φc = 43

Ec = 45 MN/m2

Layer d Dia. Ao/Ac Es γs υs n0 Ec/Es Kac (Ac/Ao)1 ∆(Ao/Ac) Ac/Ao n1 Σ(γs.∆d) Pc/Ps Pc Koc fd n2

Ref. m m MN/m2 kN/m3
Column Compressibility Overburden Constraint

1.52 18

1 2.13 0.70 2.60 9 9 0.33 4.43 5.00 0.19 0.42 1.37 0.25 2.86 30.158 8.39 420 0.32 1.18 3.38

2 3.05 0.70 2.60 9 9 0.33 4.43 5.00 0.19 0.42 1.37 0.25 2.86 37.025 8.39 420 0.32 1.23 3.53

3 3.66 0.70 2.60 9 9 0.33 4.43 5.00 0.19 0.42 1.37 0.25 2.86 43.91 8.39 420 0.32 1.29 3.69

4 4.57 0.70 2.60 9 9 0.33 4.43 5.00 0.19 0.42 1.37 0.25 2.86 50.75 8.39 420 0.32 1.35 3.86

5 6.09 0.70 2.60 9 9 0.33 4.43 5.00 0.19 0.42 1.37 0.25 2.86 61.685 8.39 420 0.32 1.46 4.18

6 6.71 0.70 2.60 9 9 0.33 4.43 5.00 0.19 0.42 1.37 0.25 2.86 71.315 8.39 420 0.32 1.57 4.50

7 8.53 0.70 2.60 75 9 0.33 4.43 0.60 0.19 -0.08 -14.09 -0.09 0.55 82.295 6.19 1618 0.32 1.12 0.62

8 10.67 0.70 2.60 75 9 0.33 4.43 0.60 0.19 -0.08 -14.09 -0.09 0.55 100.12 6.19 1618 0.32 1.15 0.63

Ao  = Area per stone column n0  = Basic improvement factor

Ac  = Cross sectional area of stone column n1  = Improvement factor with Column Compressibility

d  = depth to bottom of layer from ground level n2  = Improvement factor with Overburden Constraint
∆d  = Layer Thickness Po  = Imposed Stress

Koc  = Coeficient of Earth Pressure at rest of column Pc  = Imposed Stress on Column

Kac  = Coeficient for Active Earth Pressure of column Ps  = Imposed Stress on Soil

Ec  = Modulus of Stone Column γs  = Unit Weight of soil

Es  = Modulus of Soil υs  = Poissions Ratio

φc  = Friction angle of Stone Column

Calculation Sheet Page 1 of 2



MFSCALC

Determination of Settlement Beneath Pad/Strip Foundation

Contract Name: ort Lofts
Contract Number: 0

Po = 143 kN/m2
B = 1.5239 m

Ao = 1.00 m2
L = 12.191 m

Improvement factor = n2 (n0, n1 or n2) Time = 50 years

Cohesive Soils Granular Soils Improvement

depth ∆d z z/B Po Po/σv Soil Profile Consolidation Immediate Immediate Creep Vibro Priebe
m m m kN/m2 mv µ ρc Cu Es/Cu ρi SPT N ρi ft ρi + ρcr ρT y/n n2 ρTn

0.61 0.61 0.303 0.199 132 4.37 0.4 0.8 25.59 18 180 0.22 0.00 1.54 0.00 25.81 y 3.38 7.63

1.53 0.92 1.0661 0.700 87 2.36 0.4 0.8 25.75 18 180 0.15 0.00 1.54 0.00 25.90 y 3.53 7.34

2.14 0.61 1.8311 1.202 56 1.27 0.4 0.8 10.92 18 180 0.09 0.00 1.54 0.00 11.01 y 3.69 2.98

3.05 0.91 2.5911 1.700 40 0.79 0.4 0.8 11.69 18 180 0.07 0.00 1.54 0.00 11.76 y 3.86 3.04

4.57 1.52 3.8061 2.498 27 0.44 0.4 0.8 13.25 18 180 0.46 0.00 1.54 0.00 13.71 y 4.18 3.28

5.19 0.62 4.8761 3.200 19 0.26 0.4 0.8 3.70 18 180 0.03 0.00 1.54 0.00 3.73 y 4.50 0.83

7.01 1.82 6.0961 4.000 4 0.05 0.00 0.00 50 0.05 1.54 0.08 0.08 1.00 0.08

9.15 2.14 8.0761 5.300 0 0.00 0.00 0.00 50 0.00 1.54 0.00 0.00 1.00 0.00

Pre-Treatment Settlement = 92.01 mm

Post Treatment Settlement = 25.18 mm

Ao  = Area per stone column Po  = Imposed Stress

B  = foundation width z  = depth below foundation to midpoint of layer

Cu  = cohesion of soil ∆d  = Layer Thickness

depth  = depth to top of layer below foundation level µ  = correction factor for 3D consolidation

Es  = Youngs modulus ρc  = Consolidation Settlement

L  = foundation Length ρi  = Immediate Settlement

mv  = coefficient of volumn compressibility ρcr  = Creep Settlement

n1  = Improvement factor with Column Compressibility ρT  = Total Settlement

n2  = Improvement factor with Overburden Constraint ρTn  = Total Settlement with Improvement

σv  = overburden stress
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MFSCALC

Determination of Improvement Factors (Priebe 1995)

Contract Name: Seaport Lofts Calculation Reference: 7 ft. strip footing

Contract Number:

Po = 143.4 kN/m2
Founding Depth = 1.5239 m

Ao = 0.75 m2
φc = 43

Ec = 45 MN/m2

Layer d Dia. Ao/Ac Es γs υs n0 Ec/Es Kac (Ac/Ao)1 ∆(Ao/Ac) Ac/Ao n1 Σ(γs.∆d) Pc/Ps Pc Koc fd n2

Ref. m m MN/m2 kN/m3
Column Compressibility Overburden Constraint

1.52 18

1 2.13 0.70 1.95 9 9 0.33 6.74 5.00 0.19 0.42 1.37 0.30 3.38 30.158 8.89 377 0.32 1.21 4.08

2 3.05 0.70 1.95 9 9 0.33 6.74 5.00 0.19 0.42 1.37 0.30 3.38 37.025 8.89 377 0.32 1.27 4.28

3 3.66 0.70 1.95 9 9 0.33 6.74 5.00 0.19 0.42 1.37 0.30 3.38 43.91 8.89 377 0.32 1.33 4.50

4 4.57 0.70 1.95 9 9 0.33 6.74 5.00 0.19 0.42 1.37 0.30 3.38 50.75 8.89 377 0.32 1.41 4.75

5 6.09 0.70 1.95 9 9 0.33 6.74 5.00 0.19 0.42 1.37 0.30 3.38 61.685 8.89 377 0.32 1.54 5.20

6 6.71 0.70 1.95 9 9 0.33 6.74 5.00 0.19 0.42 1.37 0.30 3.38 71.315 8.89 377 0.32 1.68 5.68

7 8.53 0.70 1.95 75 9 0.33 6.74 0.60 0.19 -0.08 -14.09 -0.08 0.57 82.295 6.21 1559 0.32 1.13 0.64

8 10.67 0.70 1.95 75 9 0.33 6.74 0.60 0.19 -0.08 -14.09 -0.08 0.57 100.12 6.21 1559 0.32 1.16 0.66

Ao  = Area per stone column n0  = Basic improvement factor

Ac  = Cross sectional area of stone column n1  = Improvement factor with Column Compressibility

d  = depth to bottom of layer from ground level n2  = Improvement factor with Overburden Constraint
∆d  = Layer Thickness Po  = Imposed Stress

Koc  = Coeficient of Earth Pressure at rest of column Pc  = Imposed Stress on Column

Kac  = Coeficient for Active Earth Pressure of column Ps  = Imposed Stress on Soil

Ec  = Modulus of Stone Column γs  = Unit Weight of soil

Es  = Modulus of Soil υs  = Poissions Ratio

φc  = Friction angle of Stone Column

Calculation Sheet Page 1 of 2



MFSCALC

Determination of Settlement Beneath Pad/Strip Foundation

Contract Name: ort Lofts
Contract Number: 0

Po = 143 kN/m2
B = 2.1335 m

Ao = 0.75 m2
L = 12.191 m

Improvement factor = n2 (n0, n1 or n2) Time = 50 years

Cohesive Soils Granular Soils Improvement

depth ∆d z z/B Po Po/σv Soil Profile Consolidation Immediate Immediate Creep Vibro Priebe
m m m kN/m2 mv µ ρc Cu Es/Cu ρi SPT N ρi ft ρi + ρcr ρT y/n n2 ρTn

0.61 0.61 0.303 0.142 132 4.37 0.4 0.8 25.59 18 180 0.31 0.00 1.54 0.00 25.90 y 4.08 6.35

1.53 0.92 1.0661 0.500 103 2.79 0.4 0.8 30.40 18 180 0.24 0.00 1.54 0.00 30.64 y 4.28 7.16

2.14 0.61 1.8311 0.858 75 1.70 0.4 0.8 14.56 18 180 0.18 0.00 1.54 0.00 14.73 y 4.50 3.27

3.05 0.91 2.5911 1.214 56 1.10 0.4 0.8 16.29 18 180 0.13 0.00 1.54 0.00 16.42 y 4.75 3.46

4.57 1.52 3.8061 1.784 40 0.65 0.4 0.8 19.53 18 180 0.48 0.00 1.54 0.00 20.01 y 5.20 3.85

5.19 0.62 4.8761 2.285 29 0.41 0.4 0.8 5.83 18 180 0.07 0.00 1.54 0.00 5.90 y 5.68 1.04

7.01 1.82 6.0961 2.857 26 0.31 0.00 0.00 50 0.38 1.54 0.58 0.58 1.00 0.58

9.15 2.14 8.0761 3.785 11 0.11 0.00 0.00 50 0.17 1.54 0.26 0.26 1.00 0.26

Pre-Treatment Settlement = 114.44 mm

Post Treatment Settlement = 25.96 mm

Ao  = Area per stone column Po  = Imposed Stress

B  = foundation width z  = depth below foundation to midpoint of layer

Cu  = cohesion of soil ∆d  = Layer Thickness

depth  = depth to top of layer below foundation level µ  = correction factor for 3D consolidation

Es  = Youngs modulus ρc  = Consolidation Settlement

L  = foundation Length ρi  = Immediate Settlement

mv  = coefficient of volumn compressibility ρcr  = Creep Settlement

n1  = Improvement factor with Column Compressibility ρT  = Total Settlement

n2  = Improvement factor with Overburden Constraint ρTn  = Total Settlement with Improvement

σv  = overburden stress

Calculation Sheet Page 2 of 2
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In determining the settlements beneath foundations as a The immediate settlement in granular soils where standard 
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 GROUND  STABILIZATION  BY  BOTTOM/TOP  FEED PROCESS 
 
METHOD  STATEMENT 
 
PLANT & EQUIPMENT 
 
The technique involves the use of a vibroflot, comprising a hydraulic powered eccentric weight 
assembly enclosed in heavy tubular steel casing.  The vibroflot is suspended from a crawler crane.  
The basic length of the vibroflot assembly is 8 meters although extension tubes may be added to 
increase the vibroflot length as the depth of treatment dictates.  The vibrator diameter is 310mm and 
is powered by a 130 kW portable diesel power pack and thus generates high centrifugal forces in 
the horizontal plane at a frequency of 50 cycles per second in most cases.  The nose of the vibroflot 
is tapered to aid penetration of the ground while vertical fins prevent the vibroflot rotating during 
penetration.  Attached to the vibroflot is a tube of 200mm diameter, and a stone hopper. 
 
DRY STONE COLUMNS TECHNIQUE 
 
This is a completely dry technique and the cycle of operations is described as follows.  The 
vibroflot and a stone hopper suspended from the crane, are lowered to the ground and penetrate 
quickly through the weak soils.  After reaching the required depth, the sluice gate is open in the 
hopper, graded aggregate (usually 40mm SS) then travels down the tube, aided by compressed air, 
this aggregate is then released into the ground at the tip of the vibroflot, where it is compacted.  
This process is a continuous method and the stone column is fully formed when removal of the flot 
from the ground occurs. 
 
In areas where the hole is stable, the stone column may be formed using the dry top feed method.  
Using this method, the vibroflot is withdrawn and a small quantity of graded stone aggregate is 
introduced into the hole.  The vibroflot s lowered again to compact the infill and interlock it tightly 
with the surrounding soil.  This cycle is repeated until a stone column is built up to ground level. 
 
In granular soils, the effect of the vibrations is to produce a marked improvement in the Relative 
Density of the surrounding material thus significantly improving the allowable bearing capacity and 
settlement characteristics.  In cohesive soils, little improvement occurs in the engineering properties 
of the clay soils between stone columns and the improvement of the formation is achieved by the 
combined effect of the weak soils and the stiffer stone columns. 
 
STONE COLUMNS 
 
Compacted stone columns are constructed to effect stabilization of the treated ground.  Typically, 
stone column diameters are in the order of 600mm.  The column diameter will naturally vary 
with the technique and soils condition, but generally the weaker the soils, the larger the diameter of 
the stone column. 
 
The stone columns are normally constructed directly beneath the main foundations, usually in 
single or multiple rows beneath strip foundations and in groups beneath pad foundations.  Area or 
floor slab treatment is normally carried out in grid spacing.  The spacing and arrangements of the 
stone columns are dependent on the soils conditions and the loads carried by the foundations. 
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PLATE LOAD TEST 
 
 
METHOD STATEMENT 
 
 
A shallow pit shall be excavated to a depth of approximately 300-600 mm with a base 
of at least 1,000 mm square.  A 600mm diameter rigid steel plate will then be bedded 
down by hand on the surface exposed by the pit excavation. (A thin layer of sand or 
quick set may be used if required.) 
 
The load shall be applied centrally to the circular bearing plate by means of a 
hydraulic jack and the loads measured by an independently calibrated hydraulic gauge 
or load cell.  Two (2) gauges mounted on a reference frame, on either side of the test, 
will record the deflection of the plate.  Certificates of calibration for the gauges jack 
or load cell will be available on site for inspection. 
 
A preload of 2 tons will be permitted.  The loading shall be applied at the rate of 2 
tons per 5 minutes or until the rate of settlement does not exceed 0.1mm in 1 minute, 
up to a maximum applied load of two times working load. 
 
At maximum test load, the load shall be held until the rate of settlement is less than 
0.1 mm per minute or 10 minutes whichever is the greater. 
 
The elastic compression shall be determined by measuring the recovery which takes 
place on completely removing the total applied load at the end of the test. 
 
Along the plate load test, individual stone columns records are recorded with the on 
board computer monitoring system.  The data collected is sent electronically to the ftp 
site of Subsurface Constructors, Inc. and is downloaded by the software that processes 
the data.  Subsurface Constructors, Inc. engineers will then review the installed data 
and provide installation records to the client.  
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