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1. Project Information 

1.1. Location and Existing Problem 

The New Haven County, CT study area is highly vulnerable to damages resulting from coastal 
storm events such as Hurricanes and Nor’easters. Hurricane Sandy (2012) is the most recent 
major event to cause wide spread damage to the region. The USACE North Atlantic Coast 
Comprehensive Study (completed in 2015) identified areas of high exposure and risk along the 
Connecticut coast study including New Haven county. Low lying coastal communities contain 
thousands of high-value residential structures, commercial properties and government facilities. 
Critical infrastructure throughout the region including the I-95 corridor and multiple railroad 
transportation systems, government facilities, and medical facilities become more at risk of 
damage from coastal storm events as climate changes. 

This purpose of this general investigation was to determine the feasibility of a number of flood 
protection structures and alignments along the coast near Long Wharf adjacent to I-95 (Figure 
1.1).  

 
Figure 1.1: Approximate extent of potential flood protection structure alignments in New 

Haven 
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2. Explorations

2.1. Available Boring Information

New Haven subsurface information was provided by previous Long Wharf and I-95 pre-
construction investigations performed by Langan Engineering & Environmental Services, the 
Connecticut Department of Transportation (CTDOT), and GZA GeoEnvironmental Inc. Boring 
information was available along the length of the coast of Long Wharf from the Long Wharf 
Drive underpass to just north of the jetty (Figure 2.1).  

The three borings (PB-5, PB-6, PB-7) developed by the Connecticut Department of 
Transportation were all to depths 122 feet below surface. Boring information utilized from the 
Langan Engineering effort (LB-1, LB-4, LB-5, LB-6) varied from 47 to 52 feet below ground 
surface. The GZA boring (GZ-11) was drilled to 47 feet below the ground surface.  

Figure 2.1: Location of borings utilized in design for New Haven 

2.2. Foundation Materials 

A detailed description of the subsurface conditions at Long Wharf is available in a November 
2010 report by Langan Engineering & Environmental Services based on the same information 
currently available for this study. It was assumed these soil stratifications would be similar to 
areas north and south of the Long Wharf where borings are not available. Below is a summary of 
these findings with additional notes regarding information from the CT DOT borings closer to 
the I-95 embankment. 
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Miscellaneous Fill (SP) - Up to 12 feet below grade is comprised of a miscellaneous sand fill. 
This includes medium to fine sands with varying levels of silt and gravel throughout. SPT N-
values had a wide range of values from 1 to 55 blows per foot (bpf) indicating varying levels of 
compaction throughout the coastline.  Samples in this area have average percent fines of 
approximately 13% with average water content of approximately 4%.  

Upper Sand (SP-SW) - Beneath the miscellaneous fill is a dark layer of sand ranging in thickness 
from 10 to 29 feet. This sand layer is a medium dense coarse sand with varying proportions of 
silty gravel and silt. SPT N-values range from 6 to 23 bpf. This layer had an average 5% fines  
average water content of 17%. 

While it is not referenced in the Langan report, this upper sand layer is not present in borings 
near the I-95 embankment. It appears that the miscellaneous sand fill discussed above was 
placed directly on top of a shallower organic silt layer as a part of the I-95 embankment 
construction.   

Organic Clayey Silt (OL/OH) – Beneath the miscellaneous fill and upper sand is a thick layer of 
organic clayey silt with traces of shells, organics, and fines sand. The thickness varied from 14 to 
40 feet. While SPT N-values ranged from weight of hammer (WOH) to 21 bpf, the average blow 
counts ranged from WOH to 2 bpf. This layer had an average water content of 68%.  The 
average Liquid Limit, Plastic Limit, and Plasticity Index are approximately 84%, 38%, and 46%, 
respectively.  

The Langan report notes that the average undrained shear strength was approximately 620 psf;  
results of the four UU tests showed significant variation in undrained strengths, ranging from a 
high of  918 psf, to a low of 432 psf. For this design, the lower bound of the undrained shear 
strengths were assumed.  

Lower Sand (SP) – All of the Langan borings terminate within this lower sand layer beneath the 
organic silts. This is a layer of medium dense medium to fine sand with SPT N-values varying 
from 12 to 26 bpf. The deeper Connecticut DOT borings indicate this layer thickness varies from 
8 to 10 feet. This layer has average percent fines of 8% and average percent water content of 
24%. 

Upper and Lower Silts – As the Langan borings terminate above this layer, the presence of the 
silts below the lower sands are indicated only in the CTDOT borings. The thickness of this layer 
varies from 58 to 63 feet. For the purpose of feasibility design this layer was separated into upper 
and lower silts due to varying SPT N-values directly below the organics and those deeper within 
the strata. Fines content varies from 77 to 98%. 
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3. Development of Design Soil Stratification

Due to the size of the project impact area and limited boring information along the proposed 
alignments it was necessary to create generalized soil stratifications that would be applicable for 
large portions of the proposed flood protection alignment.  

Prior to developing the design soil strata, the blow counts for all applicable borings were 
normalized to N60 values. Free-draining granular material properties were estimated using the 
blow count correlations provided by Bowles (1984) and Koshida (1967) found in Table 1. 
Additional shear strength testing, in conjunction with future boring explorations, should be 
performed on soils using these correlations to confirm strength and unit weight assumptions.  

Table 1: N-value Correlation Tables 
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The simplified sections were developed based on the similarities between nearby soil borings 
and whether or not the structure alignment was closer or further from shore. The depth to the 
organics layer, which appeared in all New Haven borings, is what largely dictated the separation 
between sections. It was shown in the available boring information that the organics layer was 
significantly shallower near the I-95 embankment when compared to the depth nearer the 
shoreline. There was also a noted presence of looser soils near the south end of the I-95 
embankment. New Haven was eventually broken down into four separate reaches as noted on 
Figure 3.1. Design soil strata is provided in Table 2. 

Figure 3.1: Design Soil Stratification Applicable Areas at New Haven 
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Table 2: Design Soil Stratification and Soil Properties at New Haven 
South End Near I-95 (PB-5 and PB-7)

1Layer Top 
Elv.

1Layer 
Bottom Elv.

Depth Soil Type 2N60 3γt 4c 5φ c' 6φ'

(ft,NGVD29) (ft,NGVD29) (ft) (pcf) (psf) (deg) (psf) (deg)
6 4 0 Sand trace silt (Fill) 15 115 0 32 0 32
4 0 4 Sand trace silt (Fill) 15 115 0 32 0 32
0 -34 38 Organic Silt (OH) 1 100 450 0 0 22

-34 -41 45 Medium to Fine Sand (SP) 10 125 0 30 0 30
-41 -58 62 7Upper Silt trace Clay 12 128 0 25 0 25
-58 -102 106 Lower Silt trace Clay 20 132 0 25 0 25

South End Near Shoreline (LB-1 and LB-4)
1Layer Top 

Elv.

1Layer 
Bottom Elv.

Depth Soil Type 2N60 3γt 4c 5φ c' 6φ'

(ft,NGVD29) (ft,NGVD29) (ft) (pcf) (psf) (deg) (psf) (deg)
6 4 0 Sand trace silt (Fill) 15 115 0 32 0 32
4 0 4 Sand trace silt (Fill) 15 115 0 32 0 32
0 -9 13 Coarse to Fine Sand (SW) 20 120 0 35 0 35
-9 -37 41 Organic Silt (OH) 1 100 450 0 0 22
-37 -47 51 Medium to Fine Sand (SP) 20 120 0 35 0 35
-47 -75 79 7Upper Silt trace Clay 12 128 0 25 0 25
-75 -120 124 Lower Silt trace Clay 20 132 0 25 0 25

Northend Near Shoreline (LB-5, LB-6, and GZ-11)
1Layer Top 

Elv.

1Layer 
Bottom Elv.

Depth Soil Type 2N60 3γt 4c 5φ c' 6φ'

(ft,NGVD29) (ft,NGVD29) (ft) (pcf) (psf) (deg) (psf) (deg)
6 4 0 Sand trace silt (Fill) 20 120 0 35 0 35
4 -3 7 Sand trace silt (Fill) 20 120 0 35 0 35
-3 -14 18 Sand trace Silt (SP/SW) 15 115 0 32 0 32
-14 -40 44 Organic Silt (OH) 1 100 450 0 0 22
-40 -50 54 Medium to Fine Sand (SP) 20 120 0 35 0 35
-50 -100 104 7 Silt trace Clay 25 134 0 27 0 27

Northend Near I-95 (PB-9)
1Layer Top 

Elv.

1Layer 
Bottom Elv.

Depth Soil Type 2N60 3γt 4c 5φ c' 6φ'

(ft,NGVD29) (ft,NGVD29) (ft) (pcf) (psf) (deg) (psf) (deg)
6 4 0 Sand trace silt (Fill) 15 115 0 32 0 32
4 1 3 Sand trace silt (Fill) 15 115 0 32 0 32
1 -39 43 Organic Silt (OH) 1 100 450 0 0 22

-39 -50 54 Medium to Fine Sand (SP) 30 125 0 35 0 35
-50 -110 114 7Silt trace clay 20 132 0 25 0 25

Notes:
1. Design strata is based on the boring information provided by the indicated borings. Top of pile assumed at 4 feet NGVD29.
2. N blow counts are based on N60 corrected blow counts from soil borings
3. Unit weights are developed from Bowels 1984 correlations, assumed saturated unit weight and moist unit weight are equal
4. Organic silt undrained properties and unit weights based on UU testing on soil from LB-1, LB-4, LB-6, and PB-9
5. φ for granular soil based on N60 values and Kishida 1967 correlations. No shear strength lab testing information available for 
lower silts, assumed φ for loose to medium dense silts using Bowels 1988 representative values.
6. Drained friction angle for organic silt estimated based on low undrained shear strengths and assumption of no cohesion. 
Typical values are not readily available, however it is assumed that the organics will have some drained shear strength similar 
to a very loose cohesionless silt. 
7. Depths to silts below El. -50 ft, NGVD29 are based on deep borings PB-5, PB-7, and PB-9



8 

4. Structure Selection

Concrete filled friction pipe pile supported T-walls with sheet pile seepage cutoff walls are 
recommended for the flood wall retaining structures. The general selection of a pile supported 
structure retaining wall was determined based on the following site conditions and limitations of 
other flood protection structures. 

4.1. I-walls 

I-walls were extensively considered in feasibility, but a number of factors excluded their use.
The Corps engineering circular for I-wall design, EC 1110-2-6066 (April 2011), was referenced
frequently to determine the general feasibility of I-walls. A number of criteria outlined in the EC
regarding the availability of information to properly describe the site conditions as well as a
number of caveats regarding the presence of soft soil are presented below.

As noted previously there was a general low availability of subsurface information along the 
proposed structure alignments. Table 3 shows the minimum drilling and sampling requirements 
for I-wall design during different project phases. As available boring information indicates soft 
fine grain soils are present (organic silt) the nominal boring spacing for feasibility level design is 
recommended at 500 feet. For pre-construction design the nominal boring spacing is 300 ft. At 
New Haven, this requirement is met in limited areas, largely along the southern beach shore, 
however it is not met along the entire alignment along the I-95 embankment and north of the 
Long Wharf shoreline jetty. Due to the limited number of borings available along the alignment 
the site could be considered as having “limited site information” available. Page 2-23 of the EC 
notes “All I-walls serving as flood control barriers are critical and cannot be designed based on 
limited site information”.  
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Table 3: Minimum Drilling and Sampling Requirements for I-walls 
(Table 5-1 in EC 1110-2-6066) 

Next is the inclusion of soft organic soils. Page 6-34 of the EC notes, “For new designs, the 
maximum unsupported stem height for I-walls constructed on existing levees or in soft soils shall 
be limited to 6 feet.”  This 6 foot limiter would preclude the use of I-walls in many areas where 
required wall heights could extend upwards of 10 feet.  

While this would seem to indicate that I-walls could be used in areas where the required 
protection requires a less than 6 foot wall, an additional condition is presented in the EC on page 
5-5. The EC explicitly states that if “…Normally consolidated to slightly overconsolidated soft
clays, silts, or peat having SPT resistance less than 4 blows/foot or shear strength less than 500
psf located within 10 feet of the original ground surface…” are found during feasibility, I-walls
should not be considered, and the design of the flood protection system should be completed
using T-based floodwalls, L-walls, or levees. This condition is applicable to much of the New
Haven study area.

The blow counts (<1-2 in most areas) and available UU test data indicates that the organic soils 
present have less than 500 psf shear strength. Based on the available borings, soft organics are 
present within the first 10 feet for most of the proposed alignment. The areas where soft organics 
are not within the first 10 feet are in areas where an I-wall would not be appropriate 
(directly along the shore of Long Wharf New Haven). It cannot be said with confidence that soft 
organic soils would not be present within 10 feet of the ground surface for the proposed structure 
alignments. Therefore a pile supported T-wall was chosen as the appropriate design to use for 
this project phase.  
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I-walls may be considered during final design in some areas only after extensive subsurface 
information is obtained along the proposed alignments.

4.2. T-wall Configuration 

T-walls were first considered without the use of pile foundations, but for various reasons it was 
determined that pipe supported walls would be necessary. At New Haven, for alignments closer 
to the shoreline where wave pressures would be highest, shallow foundations would not meet the 
overturning or sliding criteria without unrealistically wide bases or extensive backfilling behind 
the wall. For walls aligned closer to the I-95 embankment, shallow foundations would not meet 
the bearing capacity requirements due to the top of organics layer being shallower further inland 
at approximately El. 0 ft NAVD88. The depth of the T-wall bearing slip surfaces, which are 
generally estimated as the width of the base of the wall, would result in a large amount of the 
required shear strength being dependent on the soft organic layer. There was also a general 
concern with the space available near the I-95 embankment which would preclude the use of 
wide shallow foundations.

For the above reasons a pile supported T-wall, which would act more as a pile cap, was chosen 
as the general feasibility level structure type.  

A sheetpile seepage cut off wall was also included with the intention of having a global seepage 
gradient less than 0.15. During the feasibility level of design the width of the base was largely 
dependent on the pile configuration which may change following feasibility. Therefore the 
shortest seepage path did not consider the width of the T-wall base. The shortest seepage path 
was considered to be twice the length of the sheet pile, plus the embedment of the wall (~4 feet). 
This assumes the seepage moves along the entire length of the sheet pile.  

Driven piles were chosen for the foundation support structure for the retaining wall. Due to the 
presence of soft soils and limited boring information for sections of the study area, it was 
assumed that sufficient end bearing capacity of the piles could not be assured. Therefore, it was 
assumed that the piles would be acting as friction piles and that the forces transferred from the 
retaining wall would be carried entirely by the frictional skin resistance of the piles. This is a 
generally conservative assumption;  if additional explorations borings are made available and the 
pile tip would pass entirely through the organics and into the underlying sand, then the final pile 
lengths may be reduced in design.  Friction type piles are generally recommended to be driven, 
and the soft soils would make pre-drilled non-displacement pile construction difficult.      

Due to the presence of soft soils across the site, drilled shaft and other non-displacement methods 
were only considered for limited use in areas where space limitations for a pile cap or vibrations 
would be an issue. Drilled shaft piles were not considered for most areas across the project due to 
concerns about the stability of the soft ground, however they were utilized for the closure 
structures near the I-95 roadway as there were concerns of vibrations near the bridge abutments as 
well as the space available which precluded the use of large pile capped structures.  
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5. Design Methods and Assumptions

5.1 Allowable Axial Loading

Pile supports were designed using empirical methods described in EM 1110-2-2906 to determine 
allowable axial loadings at depth. NAE Structural Engineering Section had determined that the 
general required loading would be approximately 50kips compression and 20 kips tension per 
pile. To determine the appropriate pile length and size the allowable axial loading was 
determined at the base of each soil layer type.  

Due to the lack of subsurface information for large portions of the alignment and the presence of 
organics, it could not be guaranteed that the piles would terminate outside of these soft layers. 
Therefore, it was determined that the bearing capacity of the piles would not be considered for 
the allowable axial strengths at either site. Only the allowable capacity afforded by the skin 
friction would be considered.  

An excel sheet was developed to assist with calculations using methods described in EM 
1110-2-2906 to test different pile sizes. For each design soil strata, calculations were made to 
determine the appropriate pile length to reach the loading requirement.  

Calculations were made near the lowest final ground surface elevation, or what could be 
considered the highest wall height. This was a wall height assumed to be near 10 feet in height, 
so ground surface was assumed to be near 6 feet NAVD88, and the top of the piles would be near 
4 feet NAVD88. This would result in the maximum pile depths which could then be modified in 
final design after additional borings are performed. 

As required skin friction is fairly high, larger diameter piles will be needed. It was determined 
that 20 inch close ended pipe piles for New Haven would be the most feasible without requiring 
additional splicing of smaller pile sizes. 24 inch close ended pipe piles are recommended along 
alignments at New Haven along the I-95 embankment. It is likely these pile sizes and depth 
could be reduced with further subsurface information and assuming additional bearing capacity 
could be guaranteed.   

The presence of organics largely dictated the design of the piles. N values derived from blow 
count values for these materials were frequently low (1 to 4) with a number of weight of hammer 
and weight of rod SPT readings recorded across multiple borings. Unconfined undrained (UU) 
testing was available for the organic silts, however no Consolidated Undrained (CU) or 
Consolidated Drained (CD) tests were performed on these soils to determine drained properties. 
For this level of design, undrained shear strengths were assumed to be on the lower end of the 
available UU test data between 400 and 500 psf.  The drained friction angle was assumed to be in 
the low 20s at 22° with no cohesion/adhesion which resulted in drained analyses dictating the 
overall depths and design of the piles.  

EM 1110-2-2906 allows for piles to be battered using vertical axial loading calculations as long 
as the total axial loading of the battered pile does not exceed the allowable axial loading 
calculated assuming vertical piles. 
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5.2 Allowable Lateral Loading 

Allowable lateral loading of vertical piles for concrete drilled shafts to be used at the closure 
structures was requested by structural engineering. The software program L-PILE was used to 
analyze multiple drilled shaft diameters varying from 2 feet to 5 feet diameters. L-PILE was set 
to test the piles with gradually increasing loads until the piles failed as noted by large excessive 
lateral deflections. It was determined that lateral loading against vertical piles would not be 
sufficient to support the resist the expected lateral loading and that pile battering would be 
required.  

6 Conclusions 

6.1 General 

The New Haven study area has limited boring information along the structure alignment which 
in general led to a more conservative design of a pile supported T-wall. Other structure types 
were examined during feasibility, largely I-walls, however the lack of extensive boring 
information and presence of soft soils made these much higher risk structure types that would not 
be appropriate in most areas at a feasibility level.  

Thick layers of soft soils (blow counts <1) were found along Long Wharf and the depth and 
extent of these soils is not clear along the entire length of the proposed alignments. This led to 
generally conservative assumptions for the T-wall design, such as assuming bearing capacity 
could not be guaranteed in the piles or that the soft soils would not be able to support shallow 
foundations. Even with these assumptions, due to the lack of information, it is not known 
whether these assumptions are actually conservative without obtaining additional subsurface 
information.  

It is possible that the T-walls may be replaced with I-walls in some areas during design phase 
when more subsurface information and final structure alignments are determined.  

A pile supported T-wall with a sheet pile seepage cutoff wall was selected for the proposed New 
Haven flood protection structures. This structure type was largely decided upon based on the 
large wave forces along Long Wharf beach, the thick layers of organics beneath the ground 
surface, and the limited boring information for portions of the alignment, especially north and 
south of the Long Wharf beach.  

7 Recommendations 

7.1 Additional Subsurface Explorations 

It is possible that the T-walls may be replaced with I-walls in some areas during design phase 
when more subsurface information and final structure alignments are determined.  Page 5-4 in 
the I-wall design engineering circular (EC 1110-2-6066) describes the required nominal boring 
spacing during different project phases (Table 3). As the site is primarily comprised of loose 
granular soils and soft fine-grained soils (organic layers) the required nominal boring spacing for 
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I-walls during design is 250 to 300 feet.  Boring plans could target specific areas where I-walls 
would be preferred over T-walls by increasing the density of borings.

Boring information at New Haven was limited to the stretch of coast along Long Wharf. As 
alignments of alternatives are located both north and south of Long Wharf additional borings or 
the retrieval of additional boring information in these areas is recommended. Specifically this 
would include borings in the industrial park and restaurant area along the coast north of Long 
Wharf. To the south, boring information is needed for areas near 6th street and Howard Avenue 
where the southern section of the wall is planned for placement. It is possible this information is 
already available due to the number of large structures on the north end of New Haven and the 
recent I-95 construction. 

7.2 Pile Driving Program 

7.2.1 Vibration Reduction 

Prior to driving piles near structures such as home residences, bridges, etc., a structural survey of 
these structures should be made to ensure vibration from the driving does not cause additional 
damage to these structures. During driving, vibrations should be monitored and additional 
measures be taken to reduce vibrations as needed. This may include pre-drilling holes to an 
elevation beneath the adjacent building foundations or trenching near pile driving. This could 
prevent pile vibrations from being transferred to adjacent foundations. This or other methods may 
be applied to reduce vibrations from pile driving.  

7.2.2 Pile Testing 

It is expected that load testing in accordance with ASTM D 4945 (IBC Chapter 18) would be 
performed on approximately 5% of the piles used at New Haven to determine axial capacity. 
Additional lateral load testing would also need to be performed on both driven and drilled piles. 
The cost of testing will include data interpretation and evaluation, which would be a requirement 
for all pile testing performed at the site. 
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ATTACHMENT A:  ALLOWABLE AXIAL PILE LOADING 



Project: New Haven GI Study Sheet No. 1   of 16 

Subject: Axial Pile Capacity Sample Calculations 

Computed by: DPF Date: 4/23/2019 Checked by: EWM Date: 5/6/2019 

OBJECTIVE:  Geotechnical Engineering Section (GES) has calculated the allowable axial capacity of piles 
proposed to be used along the New Haven, CT shoreline using empirical methods described in EM 1110-2-2906. 
Available borings and lab data used to develop design soil strata along four separate reaches of the New Haven 
project. The reaches were determined by the availability of boring information and their location relative to 
project alternative alignments. Figure 1 presents the reaches at which the differing allowable capacities are 
applicable. 

Figure 1: Design Soil Stratification Applicable Areas at New Haven 



Project: New Haven GI Study Sheet No. 2   of 16 

Subject: Axial Pile Capacity Sample Calculations 

Computed by: DPF Date: 4/23/2019 Checked by: EWM Date: 5/6/2019 

PROCEDURE:   
1. Determine soil parameters based on existing boring information.

a) New Haven subsurface information was provided by a previous subsurface investigation performed by
Langan Engineering & Environmental Services and GZA Engineering. Borings information was available
along the length of the coast of Long Wharf from the Long Wharf Drive underpass to the jetty, as well as a
number of borings north of the wharf along the alignments of the I-95/I-91/CT-34 connector (Figure 2).

Final design strata soil properties are presented in Table 1 and 2.

Figure 2: Location of borings utilized in design for New Haven 



Project: New Haven GI Study Sheet No. 3   of 16 
    
Subject: Axial Pile Capacity Sample Calculations 
  

Computed by: DPF Date: 4/23/2019 Checked by: EWM Date: 5/6/2019 
 

Table 1: New Haven Design Soil Stratigraphy and Properties 

 
 

South End Near I-95 (PB-5 and PB-7)
1Layer Top 

Elv.

1Layer 
Bottom Elv.

Depth Soil Type 2N60 3γt 4c 5φ c' 6φ'

(ft,NGVD29) (ft,NGVD29) (ft) (pcf) (psf) (deg) (psf) (deg)
6 4 0 Sand trace silt (Fill) 15 115 0 32 0 32
4 0 4 Sand trace silt (Fill) 15 115 0 32 0 32
0 -34 38 Organic Silt (OH) 1 100 450 0 0 22

-34 -41 45 Medium to Fine Sand (SP) 10 125 0 30 0 30
-41 -58 62 7Upper Silt trace Clay 12 128 0 25 0 25
-58 -102 106 Lower Silt trace Clay 20 132 0 25 0 25

South End Near Shoreline (LB-1 and LB-4)
1Layer Top 

Elv.

1Layer 
Bottom Elv.

Depth Soil Type 2N60 3γt 4c 5φ c' 6φ'

(ft,NGVD29) (ft,NGVD29) (ft) (pcf) (psf) (deg) (psf) (deg)
6 4 0 Sand trace silt (Fill) 15 115 0 32 0 32
4 0 4 Sand trace silt (Fill) 15 115 0 32 0 32
0 -9 13 Coarse to Fine Sand (SW) 20 120 0 35 0 35
-9 -37 41 Organic Silt (OH) 1 100 450 0 0 22
-37 -47 51 Medium to Fine Sand (SP) 20 120 0 35 0 35
-47 -75 79 7Upper Silt trace Clay 12 128 0 25 0 25
-75 -120 124 Lower Silt trace Clay 20 132 0 25 0 25

Northend Near Shoreline (LB-5, LB-6, and GZ-11)
1Layer Top 

Elv.

1Layer 
Bottom Elv.

Depth Soil Type 2N60 3γt 4c 5φ c' 6φ'

(ft,NGVD29) (ft,NGVD29) (ft) (pcf) (psf) (deg) (psf) (deg)
6 4 0 Sand trace silt (Fill) 20 120 0 35 0 35
4 -3 7 Sand trace silt (Fill) 20 120 0 35 0 35
-3 -14 18 Sand trace Silt (SP/SW) 15 115 0 32 0 32
-14 -40 44 Organic Silt (OH) 1 100 450 0 0 22
-40 -50 54 Medium to Fine Sand (SP) 20 120 0 35 0 35
-50 -100 104 7 Silt trace Clay 25 134 0 27 0 27

Northend Near I-95 (PB-9)
1Layer Top 

Elv.

1Layer 
Bottom Elv.

Depth Soil Type 2N60 3γt 4c 5φ c' 6φ'

(ft,NGVD29) (ft,NGVD29) (ft) (pcf) (psf) (deg) (psf) (deg)
6 4 0 Sand trace silt (Fill) 15 115 0 32 0 32
4 1 3 Sand trace silt (Fill) 15 115 0 32 0 32
1 -39 43 Organic Silt (OH) 1 100 450 0 0 22

-39 -50 54 Medium to Fine Sand (SP) 30 125 0 35 0 35
-50 -110 114 7Silt trace clay 20 132 0 25 0 25

Notes:
1. Design strata is based on the boring information provided by the indicated borings. Top of pile assumed at El. 4 feet NGVD29. 
Groundwater table elevation is generally tidal due to the distance from the shoreline. For calculations assume 3 feet NGVD29.
2. Blow counts are based on N60 corrected field blow counts from soil borings
3. Unit weights are developed from Bowles 1984 correlations, assumed saturated unit weight and moist unit weight are equal
4. Organic silt undrained properties and unit weights based on UU testing on soil from LB-1, LB-4, LB-6, and PB-9
5. φ and φ' for granular soil based on N60 values and Kishida 1967 correlations. No shear strength lab testing information 
available for lower silts, assumed φ for loose to medium dense silts using Bowles 1988 representative values.
6. Drained friction angle for organic silt estimated based on low undrained shear strengths and normally consolidated. Typical 
values are not readily available, however it is assumed that the organics will have some drained shear strength similar to a very 
loose cohesionless silt. 
7. Depths to silts below El. -50 ft, NGVD29 are based on deep borings PB-5, PB-7, and PB-9. LL and PI testing was not available to 
properly categorize these silts as MH or ML. 
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b) Due to the large thickness of the organic soils and low number of borings for large sections of the
alignment, it was assumed that pile tip could not be guaranteed to terminate below the organic layer. 
Therefore, it was assumed that tip capacity would not be guaranteed and the capacity of the pile was assumed 
to be held entirely by the skin friction of the piles. As no drained testing was available for the organic silts, it 
was assumed that the drained conditions for the organics would be a low friction angle and normally 
consolidated. Both drained and undrained analyses were performed during analysis, calculation results showed 
the drained properties of the organic layers would dictate design.  

d) An excel sheet was developed to assist in calculating the various allowable axial loads for given depths.
Below is a sample calculation for a 20 inch pipe pile along the north end of the New Haven shoreline.

Sand Trace Silt (Fill) 
γ=120 pcf 
ϕ’=35° 
c’=0 psf 
Sand Trace Silt (SP/SW) 
γ=115 pcf 
ϕ’=32° 
c’=0 psf 

Organic Silt (OH) 
γ=100 pcf 
ϕ’=22° 
c’=0 psf 
ϕ=0° 
c=450 psf 
 

Medium to Fine Sand (SP) 
γ=120 pcf 
ϕ’=35° 
c’=0 psf 

Silt Trace Clay 
γ=134 pcf 
ϕ’=27° 
c’=0 psf 

GWT = El. 3 feet NGVD29 
Ground Surface = El.  6 feet NGVD29 

El. -3 feet NGVD29 

El. -14 feet NGVD29 

El. -40 feet NGVD29 

El. -50 feet NGVD29 

Top of Pile = El. 4 feet NGVD29 

Various Tip Depth/Lengths analyzed 

Figure 3: Pile configuration 
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Calculated Effective Stress: 
 

𝜎𝜎′𝑣𝑣𝑣𝑣 = 𝜎𝜎𝑣𝑣𝑣𝑣 − 𝑢𝑢 
𝜎𝜎′𝑣𝑣𝑣𝑣 = 𝛴𝛴(𝛾𝛾𝑠𝑠𝑣𝑣𝑠𝑠𝑠𝑠,𝑠𝑠 ∗ 𝑧𝑧𝑠𝑠𝑣𝑣𝑠𝑠𝑠𝑠 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑ℎ,𝑠𝑠 − 𝛾𝛾𝑤𝑤𝑤𝑤𝑑𝑑𝑑𝑑𝑤𝑤 ∗ 𝑧𝑧𝑤𝑤𝑤𝑤𝑑𝑑𝑑𝑑𝑤𝑤 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑ℎ,𝑠𝑠) 

 
a) “Skin Friction. For design purposes the skin friction of piles in sand increase linearly to an assumed 
critical depth (Dc) and then remain constant below that depth. The critical depth varies between 10 to 20 pile 
diameters or widths (B), depending on the relative density of the sand. The critical depth is assumed as: 
 

Dc = 10B for loose sands and silts 
Dc = 15B for medium dense sands and silts 

Dc = 20B for dense sands and silts” 
-EM 1110-2-2906 

 
Due to the presence of loose sands and silts. 10B was used as the critical depth. In this case, a 20 inch pipe pile 
is being used, the critical depth is 17 feet deep. Diagram of total and effective vertical stress is include in 
Figure 4. 
 
 
At El. 4 feet (Top of Pile) 

𝜎𝜎′𝑣𝑣𝑣𝑣 = 𝜎𝜎𝑣𝑣𝑣𝑣 = 120 𝑝𝑝𝑝𝑝𝑝𝑝 ∗ 2 𝑝𝑝𝑓𝑓 = 240 𝑝𝑝𝑝𝑝𝑝𝑝 
 
At El. 3 feet (Top of GWT) 

𝜎𝜎′𝑣𝑣𝑣𝑣 = 𝜎𝜎𝑣𝑣𝑣𝑣 = 120 𝑝𝑝𝑝𝑝𝑝𝑝 ∗ 3 𝑝𝑝𝑓𝑓 = 360 𝑝𝑝𝑝𝑝𝑝𝑝 
 
At El. -3 feet 

𝜎𝜎′𝑣𝑣𝑣𝑣 = 360 𝑝𝑝𝑝𝑝𝑝𝑝 + (120𝑝𝑝𝑝𝑝𝑝𝑝 − 62.4𝑝𝑝𝑝𝑝𝑝𝑝) ∗ 6𝑝𝑝𝑓𝑓 = 705.6 𝑝𝑝𝑝𝑝𝑝𝑝 
 
At El. -11 feet (Critical Depth) 
 
For the purpose of skin friction calculations the effective stress is constant below the critical depth 
 

𝜎𝜎′𝑣𝑣𝑣𝑣 = 705.6 𝑝𝑝𝑝𝑝𝑝𝑝 + (115𝑝𝑝𝑝𝑝𝑝𝑝 − 62.4𝑝𝑝𝑝𝑝𝑝𝑝) ∗ 8𝑝𝑝𝑓𝑓 = 1126 𝑝𝑝𝑝𝑝𝑝𝑝 
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Figure 4: Vertical soil pressures 

b) Skin Friction Calculations (Alpha Method)
Note: No cohesion was assumed in the organic silts drained case the alpha cancels in below equations.

𝛼𝛼 = 𝛼𝛼1𝛼𝛼2 
𝑝𝑝𝑠𝑠 = 𝐾𝐾𝜎𝜎′𝑣𝑣 tan𝛿𝛿 +  𝛼𝛼𝑝𝑝 = 𝐾𝐾𝜎𝜎′𝑣𝑣 tan 𝛿𝛿 

𝜎𝜎′𝑣𝑣 =  𝛾𝛾′𝐷𝐷   for  𝐷𝐷 < 𝐷𝐷𝑐𝑐  
𝜎𝜎′𝑣𝑣 =  𝛾𝛾′𝐷𝐷𝑐𝑐  for  𝐷𝐷 > 𝐷𝐷𝑐𝑐  

𝑄𝑄𝑠𝑠 = 𝑝𝑝𝑠𝑠𝐴𝐴𝑠𝑠 
𝛼𝛼 = adhesion factor 
𝛼𝛼1= adhesion factor for undrained strength and effective stress ratio from Fig. 4-5b in EM 1110-2-2906 
𝛼𝛼2 = adhesion factor for pile length from Fig. 4-5b in EM 110-2-2906 
K = lateral earth pressure coefficient (Kc for compression piles and Kt for tension piles) 
𝜎𝜎′𝑣𝑣 = effective overburden pressure 
δ = angle of friction between the soil and the pile from Table 4-3 in EM 1110-2-2906 
𝐷𝐷𝑐𝑐 = critical depth from page 4-11 of EM 1110-2-2916 
𝑄𝑄𝑠𝑠 = capacity due to skin resistance 
𝐴𝐴𝑠𝑠 = surface area of pile shaft in contact with soil 
𝑝𝑝𝑠𝑠 = average unit skin resistance 
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Two tables for determining values of K in compression and tension for displacement and non-displacement piles 
are provided in EM 1110-2-2916 (Figure 7). For displacement piles, the lower end of Table 4-4 were used as 
these were the more conservative values (Sand Kc=1.0, Kt=0.5; Silt Kc=1.0, Kt=0.5), and the higher K values in 
Table 4-5 are only recommended if testing validates those values. For the non-displacement pile calculations, the 
lower K tension values from Table 4-5 were used as well as the lower sand KC value from Table 4-4 (Sand 
Kc=1.0, Kt=0.5; Silt Kc=1.0, Kt=0.35). 

Using Table 4-3 in the EM (Figure 6), a δ of 0.67ϕ was used for steel pipe piles calculations and a δ of 0.9ϕ was 
used for the concrete drilled shaft calculations.  

Figure 6: δ value table in EM 1110-2-2916 

Figure 5: K value table in EM 1110-2-2916 
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Allowable Compression Capacity: 

𝑄𝑄𝐴𝐴𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤 =
𝑄𝑄𝑠𝑠
𝐹𝐹𝐹𝐹

 
 Note: Piles are friction based, bearing capacity not included in compression capacity 
  
 Allowable Tension Capacity: 

𝑄𝑄𝐴𝐴𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤 =
𝑄𝑄𝑠𝑠 tension

𝐹𝐹𝐹𝐹
 

𝑄𝑄𝑠𝑠 = capacity due to skin resistance 
𝑄𝑄𝑠𝑠 tension = capacity due to skin resistance for pile in tension  
𝑄𝑄𝐴𝐴𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤 = Allowable axial loading capacity  
𝐹𝐹𝐹𝐹 = factor of safety for compression or tension from page 4-2 of EM 1110-2-2906 shown below 
 
 
 
 
As loading is due to wave loads during storms which would not be considered normal day-to-day loading a factor 
of safety of 2.25 was used (Figure 7). 
 
 

 
Figure 7: Factor of Safety table from page 4-2 in EM 110-2-2906 
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Skin friction from El. 4 feet to El. -1 ft was not considered for frictional resistance due to the potential disturbance 
during construction.  

𝑝𝑝𝑠𝑠 = 𝐾𝐾𝜎𝜎′𝑣𝑣 𝑤𝑤𝑣𝑣𝑎𝑎 tan𝛿𝛿 +  𝛼𝛼𝑝𝑝 
𝑝𝑝𝑠𝑠 = 𝐾𝐾𝜎𝜎′𝑣𝑣 𝑤𝑤𝑣𝑣𝑎𝑎 tan𝛿𝛿 

𝑄𝑄𝑠𝑠 = 𝑝𝑝𝑠𝑠𝐴𝐴𝑠𝑠 
𝑄𝑄𝑠𝑠 = 𝐾𝐾𝜎𝜎′𝑣𝑣 𝑤𝑤𝑣𝑣𝑎𝑎 tan𝛿𝛿 ∗ 𝐴𝐴𝑠𝑠 

El. 3 feet to El. -3 feet 

𝜎𝜎′𝑣𝑣𝑤𝑤𝑣𝑣𝑎𝑎 =
360 𝑝𝑝𝑝𝑝𝑝𝑝 + 705.6 𝑝𝑝𝑝𝑝𝑝𝑝

2
= 532.8 𝑝𝑝𝑝𝑝𝑝𝑝 

𝐾𝐾𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 = 1.0 
𝐾𝐾𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 = 0.5 

𝐴𝐴𝑠𝑠 = 𝜋𝜋𝐷𝐷 ∗ (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐿𝐿𝑃𝑃𝐿𝐿𝐿𝐿𝑓𝑓ℎ 𝐵𝐵𝑃𝑃𝑃𝑃𝐵𝐵𝐵𝐵 𝐸𝐸𝑃𝑃.−1 𝑝𝑝𝐵𝐵𝐵𝐵𝑓𝑓 𝑁𝑁𝑁𝑁𝑁𝑁𝐷𝐷29) = 𝜋𝜋 ∗
20 𝑃𝑃𝐿𝐿𝑝𝑝ℎ𝑃𝑃𝑝𝑝

12 𝑃𝑃𝐿𝐿𝑝𝑝ℎ𝑃𝑃𝑝𝑝𝑝𝑝𝑓𝑓

∗ (2𝑝𝑝𝑓𝑓) = 10.5 𝑝𝑝𝑓𝑓2 

𝑄𝑄𝑠𝑠 𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 = 𝐾𝐾𝜎𝜎′𝑣𝑣 𝑤𝑤𝑣𝑣𝑎𝑎 tan𝛿𝛿 ∗ 𝐴𝐴𝑠𝑠 = 1.0 ∗ 532.8 𝑝𝑝𝑝𝑝𝑝𝑝 ∗ tan(0.67 ∗ 35°) ∗ 10.5 𝑝𝑝𝑓𝑓2 = 2420 𝑃𝑃𝑙𝑙 

𝑄𝑄𝑠𝑠 𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 = 𝐾𝐾𝜎𝜎′𝑣𝑣 𝑤𝑤𝑣𝑣𝑎𝑎 tan𝛿𝛿 ∗ 𝐴𝐴𝑠𝑠 = 0.5 ∗ 532.8 𝑝𝑝𝑝𝑝𝑝𝑝 ∗ tan(0.67 ∗ 35°) ∗ 10.5 𝑝𝑝𝑓𝑓2 = 1210 𝑃𝑃𝑙𝑙 

𝑄𝑄𝑠𝑠 𝑤𝑤𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤,𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 =
∑𝑄𝑄𝑠𝑠 𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 @ 𝐸𝐸𝑠𝑠.−3 𝑓𝑓𝑑𝑑

𝐹𝐹𝐹𝐹
=

2420 𝑃𝑃𝑙𝑙
2.25

= 1.1 𝑘𝑘𝑃𝑃𝑝𝑝𝑝𝑝 

𝑄𝑄𝑠𝑠 𝑤𝑤𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤,𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 =
∑𝑄𝑄𝑠𝑠 𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 @ 𝐸𝐸𝑠𝑠.−3 𝑓𝑓𝑑𝑑

𝐹𝐹𝐹𝐹
=

1210 𝑃𝑃𝑙𝑙
2.25

= 0.5 𝑘𝑘𝑃𝑃𝑝𝑝𝑝𝑝 
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El. -3 feet to El. -11 feet (Critical Depth) 
 
 

𝜎𝜎′𝑣𝑣𝑤𝑤𝑣𝑣𝑎𝑎 =
705.6 𝑝𝑝𝑝𝑝𝑝𝑝 + 1126 𝑝𝑝𝑝𝑝𝑝𝑝

2
= 915.8 𝑝𝑝𝑝𝑝𝑝𝑝 

 

𝐴𝐴𝑠𝑠 = 𝜋𝜋𝐷𝐷 ∗ (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐿𝐿𝑃𝑃𝐿𝐿𝐿𝐿𝑓𝑓ℎ 𝐵𝐵𝑃𝑃𝑃𝑃𝐵𝐵𝐵𝐵 𝐸𝐸𝑃𝑃.−1 𝑝𝑝𝐵𝐵𝐵𝐵𝑓𝑓 𝑁𝑁𝑁𝑁𝑁𝑁𝐷𝐷29) = 𝜋𝜋 ∗
20 𝑃𝑃𝐿𝐿𝑝𝑝ℎ𝑃𝑃𝑝𝑝

12 𝑃𝑃𝐿𝐿𝑝𝑝ℎ𝑃𝑃𝑝𝑝𝑝𝑝𝑓𝑓

∗ (8 𝑝𝑝𝑓𝑓) = 41.9 𝑝𝑝𝑓𝑓2 

𝑄𝑄𝑠𝑠 𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 = 𝐾𝐾𝜎𝜎′𝑣𝑣 𝑤𝑤𝑣𝑣𝑎𝑎 tan 𝛿𝛿 ∗ 𝐴𝐴𝑠𝑠 = 1.0 ∗ 915.8 𝑝𝑝𝑝𝑝𝑝𝑝 ∗ tan(0.67 ∗ 32°) ∗ 41.9 𝑝𝑝𝑓𝑓2 = 15069 𝑃𝑃𝑙𝑙  
 

𝑄𝑄𝑠𝑠 𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 = 𝐾𝐾𝜎𝜎′𝑣𝑣 𝑤𝑤𝑣𝑣𝑎𝑎 tan𝛿𝛿 ∗ 𝐴𝐴𝑠𝑠 = 0.5 ∗ 915.8 𝑝𝑝𝑝𝑝𝑝𝑝 ∗ tan(0.67 ∗ 32°) ∗ 41.9 𝑝𝑝𝑓𝑓2 = 7534 𝑃𝑃𝑙𝑙 
 

𝑄𝑄𝑠𝑠 𝑤𝑤𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤,𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 =
∑𝑄𝑄𝑠𝑠 𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 @ 𝐸𝐸𝑠𝑠.−11 𝑓𝑓𝑑𝑑

𝐹𝐹𝐹𝐹
=

15069 𝑝𝑝𝑝𝑝𝑝𝑝 + 2420 𝑝𝑝𝑝𝑝𝑝𝑝
2.25

= 7.8 𝑘𝑘𝑃𝑃𝑝𝑝𝑝𝑝 

𝑄𝑄𝑠𝑠 𝑤𝑤𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤,𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 =
∑𝑄𝑄𝑠𝑠 𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 @ 𝐸𝐸𝑠𝑠.−11 𝑓𝑓𝑑𝑑

𝐹𝐹𝐹𝐹
=

1210 𝑝𝑝𝑝𝑝𝑝𝑝 + 7534 𝑝𝑝𝑝𝑝𝑝𝑝
2.25

= 3.9 𝑘𝑘𝑃𝑃𝑝𝑝𝑝𝑝 
 
 
 
 
El. -11 feet to El. -14 feet (Below Critical) 
 
 

𝜎𝜎′𝑣𝑣𝑤𝑤𝑣𝑣𝑎𝑎 = 1126 𝑝𝑝𝑝𝑝𝑝𝑝 
 

𝐴𝐴𝑠𝑠 = 𝜋𝜋𝐷𝐷 ∗ (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐿𝐿𝑃𝑃𝐿𝐿𝐿𝐿𝑓𝑓ℎ 𝐵𝐵𝑃𝑃𝑃𝑃𝐵𝐵𝐵𝐵 𝐸𝐸𝑃𝑃.−1 𝑝𝑝𝐵𝐵𝐵𝐵𝑓𝑓 𝑁𝑁𝑁𝑁𝑁𝑁𝐷𝐷29) = 𝜋𝜋 ∗
20 𝑃𝑃𝐿𝐿𝑝𝑝ℎ𝑃𝑃𝑝𝑝

12 𝑃𝑃𝐿𝐿𝑝𝑝ℎ𝑃𝑃𝑝𝑝𝑝𝑝𝑓𝑓

∗ (3 𝑝𝑝𝑓𝑓) = 15.7 𝑝𝑝𝑓𝑓2 

𝑄𝑄𝑠𝑠 𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 = 𝐾𝐾𝜎𝜎′𝑣𝑣 𝑤𝑤𝑣𝑣𝑎𝑎 tan𝛿𝛿 ∗ 𝐴𝐴𝑠𝑠 = 1.0 ∗ 1126 𝑝𝑝𝑝𝑝𝑝𝑝 ∗ tan(0.67 ∗ 32°) ∗ 15.7 𝑝𝑝𝑓𝑓2 = 6948 𝑃𝑃𝑙𝑙  
 

𝑄𝑄𝑠𝑠 𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 = 𝐾𝐾𝜎𝜎′𝑣𝑣 𝑤𝑤𝑣𝑣𝑎𝑎 tan𝛿𝛿 ∗ 𝐴𝐴𝑠𝑠 = 0.5 ∗ 1126 𝑝𝑝𝑝𝑝𝑝𝑝 ∗ tan(0.67 ∗ 32°) ∗ 15.7 𝑝𝑝𝑓𝑓2 = 3474 𝑃𝑃𝑙𝑙 
 

𝑄𝑄𝑠𝑠 𝑤𝑤𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤,𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 =
∑𝑄𝑄𝑠𝑠 𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 @ 𝐸𝐸𝑠𝑠.−14 𝑓𝑓𝑑𝑑

𝐹𝐹𝐹𝐹
=

15069 𝑃𝑃𝑙𝑙 + 2420 𝑃𝑃𝑙𝑙 + 6948 𝑃𝑃𝑙𝑙
2.25

= 10.9 𝑘𝑘𝑃𝑃𝑝𝑝𝑝𝑝 

𝑄𝑄𝑠𝑠 𝑤𝑤𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤,𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 =
∑𝑄𝑄𝑠𝑠 𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 @ 𝐸𝐸𝑠𝑠.−14 𝑓𝑓𝑑𝑑

𝐹𝐹𝐹𝐹
=

1210 𝑃𝑃𝑙𝑙 + 7534 𝑃𝑃𝑙𝑙 + 3474 𝑃𝑃𝑙𝑙
2.25

= 5.4 𝑘𝑘𝑃𝑃𝑝𝑝𝑝𝑝 
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El. -14 feet to El. -40 feet (Below Critical) 
 

𝑄𝑄𝑠𝑠 𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 = 𝐾𝐾𝜎𝜎′𝑣𝑣 𝑤𝑤𝑣𝑣𝑎𝑎 tan𝛿𝛿 ∗ 𝐴𝐴𝑠𝑠 = 1.0 ∗ 1126 𝑝𝑝𝑝𝑝𝑝𝑝 ∗ tan(0.67 ∗ 22°) ∗ 136 𝑝𝑝𝑓𝑓2 = 40343 𝑃𝑃𝑙𝑙  
 

𝑄𝑄𝑠𝑠 𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 = 𝐾𝐾𝜎𝜎′𝑣𝑣 𝑤𝑤𝑣𝑣𝑎𝑎 tan𝛿𝛿 ∗ 𝐴𝐴𝑠𝑠 = 0.5 ∗ 1126 𝑝𝑝𝑝𝑝𝑝𝑝 ∗ tan(0.67 ∗ 22°) ∗ 136 𝑝𝑝𝑓𝑓2 = 20172 𝑃𝑃𝑙𝑙 
 

𝑄𝑄𝑠𝑠 𝑤𝑤𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤,𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 = �
𝑄𝑄𝑠𝑠 𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 @ 𝐸𝐸𝑠𝑠.−40 𝑓𝑓𝑑𝑑

𝐹𝐹𝐹𝐹
=

15069 𝑃𝑃𝑙𝑙 + 2420 𝑃𝑃𝑙𝑙 + 6948 𝑃𝑃𝑙𝑙 + 40343 𝑃𝑃𝑙𝑙
2.25

= 28.8 𝑘𝑘𝑃𝑃𝑝𝑝𝑝𝑝 

𝑄𝑄𝑠𝑠 𝑤𝑤𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤,𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 =
∑𝑄𝑄𝑠𝑠 𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 @ 𝐸𝐸𝑠𝑠.−40 𝑓𝑓𝑑𝑑

𝐹𝐹𝐹𝐹
=

1210 𝑃𝑃𝑙𝑙 + 7534 𝑃𝑃𝑙𝑙 + 3474 𝑃𝑃𝑙𝑙 + 20172 𝑃𝑃𝑙𝑙
2.25

= 14.4 𝑘𝑘𝑃𝑃𝑝𝑝𝑝𝑝 
 
 
 
 
El. -40 feet to El. -50 feet (Below Critical) 

 
𝑄𝑄𝑠𝑠 𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 = 𝐾𝐾𝜎𝜎′𝑣𝑣 𝑤𝑤𝑣𝑣𝑎𝑎 tan𝛿𝛿 ∗ 𝐴𝐴𝑠𝑠 = 1.0 ∗ 1126 𝑝𝑝𝑝𝑝𝑝𝑝 ∗ tan(0.67 ∗ 35°) ∗ 52.4 𝑝𝑝𝑓𝑓2 = 25583 𝑃𝑃𝑙𝑙  

 
𝑄𝑄𝑠𝑠 𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 = 𝐾𝐾𝜎𝜎′𝑣𝑣 𝑤𝑤𝑣𝑣𝑎𝑎 tan𝛿𝛿 ∗ 𝐴𝐴𝑠𝑠 = 0.5 ∗ 1126 𝑝𝑝𝑝𝑝𝑝𝑝 ∗ tan(0.67 ∗ 35°) ∗ 52.4 𝑝𝑝𝑓𝑓2 = 12792 𝑃𝑃𝑙𝑙 

 

𝑄𝑄𝑠𝑠 𝑤𝑤𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤,𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 = �
𝑄𝑄𝑠𝑠 𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 @ 𝐸𝐸𝑠𝑠.−50 𝑓𝑓𝑑𝑑

𝐹𝐹𝐹𝐹
=

15069 𝑃𝑃𝑙𝑙 + 2420 𝑃𝑃𝑙𝑙 + 6948 𝑃𝑃𝑙𝑙 + 40343 𝑃𝑃𝑙𝑙 + 25583 𝑃𝑃𝑙𝑙
2.25

= 40.2 𝑘𝑘𝑃𝑃𝑝𝑝𝑝𝑝 

𝑄𝑄𝑠𝑠 𝑤𝑤𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤,𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 =
∑𝑄𝑄𝑠𝑠 𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 @ 𝐸𝐸𝑠𝑠.−50 𝑓𝑓𝑑𝑑

𝐹𝐹𝐹𝐹
=

1210 𝑃𝑃𝑙𝑙 + 7534 𝑃𝑃𝑙𝑙 + 3474 𝑃𝑃𝑙𝑙 + 20172 𝑃𝑃𝑙𝑙 + 12792 𝑃𝑃𝑙𝑙
2.25

= 20.1 𝑘𝑘𝑃𝑃𝑝𝑝𝑝𝑝 
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El. -50 feet to El. -70 feet (Below Critical) 

𝑄𝑄𝑠𝑠 𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 = 𝐾𝐾𝜎𝜎′𝑣𝑣 𝑤𝑤𝑣𝑣𝑎𝑎 tan 𝛿𝛿 ∗ 𝐴𝐴𝑠𝑠 = 1.0 ∗ 1126 𝑝𝑝𝑝𝑝𝑝𝑝 ∗ tan(0.67 ∗ 27°) ∗ 104.7 𝑝𝑝𝑓𝑓2 = 38531 𝑃𝑃𝑙𝑙 

𝑄𝑄𝑠𝑠 𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 = 𝐾𝐾𝜎𝜎′𝑣𝑣 𝑤𝑤𝑣𝑣𝑎𝑎 tan 𝛿𝛿 ∗ 𝐴𝐴𝑠𝑠 = 0.5 ∗ 1126 𝑝𝑝𝑝𝑝𝑝𝑝 ∗ tan(0.67 ∗ 27°) ∗ 104.7 𝑝𝑝𝑓𝑓2 = 19266 𝑃𝑃𝑙𝑙 

𝑄𝑄𝑠𝑠 𝑤𝑤𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤,𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 =
∑𝑄𝑄𝑠𝑠 𝑐𝑐𝑣𝑣𝑐𝑐𝑑𝑑𝑤𝑤𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 @ 𝐸𝐸𝑠𝑠.−70 𝑓𝑓𝑑𝑑

𝐹𝐹𝐹𝐹
=

15069 𝑃𝑃𝑙𝑙 + 2420 𝑃𝑃𝑙𝑙 + 6948 𝑃𝑃𝑙𝑙 + 40343 𝑃𝑃𝑙𝑙 + 25583 𝑃𝑃𝑙𝑙 + 38531 𝑃𝑃𝑙𝑙
2.25

= 57.3 𝑘𝑘𝑃𝑃𝑝𝑝𝑝𝑝 

𝑄𝑄𝑠𝑠 𝑤𝑤𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤,𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 =
∑𝑄𝑄𝑠𝑠 𝑑𝑑𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑐𝑐 @ 𝐸𝐸𝑠𝑠.−70 𝑓𝑓𝑑𝑑

𝐹𝐹𝐹𝐹
=

1210 𝑃𝑃𝑙𝑙 + 7534 𝑃𝑃𝑙𝑙 + 3474 𝑃𝑃𝑙𝑙 + 20172 𝑃𝑃𝑙𝑙 + 12792 𝑃𝑃𝑙𝑙 + 19266 𝑃𝑃𝑙𝑙
2.25

= 28.6 𝑘𝑘𝑃𝑃𝑝𝑝𝑝𝑝 
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Figure 8: Example allowable axial capacities 
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While tip capacity was ultimately not included in the allowable compression axial loading, calculations for tip 
capacity were included in the excel sheet. Bearing capacity was calculated at the top and bottom of layers to 
indicate stratification changes. Calculations for bearing capacity used bearing capacity equations and end bearing 
factors from EM 1110-2-2916. A sample calculation is provided for a single elevation.  

End Bearing Calculations 
 Sand or Silt: 

𝑞𝑞 = 𝜎𝜎′𝑣𝑣𝑁𝑁𝑞𝑞 
𝜎𝜎′𝑣𝑣 =  𝛾𝛾′𝐷𝐷   for  D < Dc  
𝜎𝜎′𝑣𝑣 =  𝛾𝛾′𝐷𝐷𝑐𝑐     for  D > Dc  

𝑄𝑄𝑑𝑑 = 𝐴𝐴𝑑𝑑𝑞𝑞 
 Clay: 

𝑞𝑞 = 9𝑝𝑝 
𝑄𝑄𝑑𝑑 = 𝐴𝐴𝑑𝑑𝑞𝑞 

 

𝑄𝑄𝑑𝑑 𝑤𝑤𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤 =
𝑄𝑄𝑑𝑑
𝐹𝐹𝐹𝐹

 

 
𝑞𝑞 = unit tip-bearing capacity 
𝜎𝜎′𝑣𝑣 = effective overburden pressure 
𝑁𝑁𝑞𝑞 = Suggested bearing capacity factor determined from Fig. 4-4 in EM 1110-2-2906 
𝐴𝐴𝑑𝑑 = effective area of the pile tip in contact with the soil  

Figure 9: Bearing capacity figure from EM 1110-2-2916 



Project: New Haven GI Study Sheet No. 15   of 16 

Subject: Axial Pile Capacity Sample Calculations 

Computed by: DPF Date: 4/23/2019 Checked by: EWM Date: 5/6/2019 

El. -50 feet Bottom of Layer  
Note: As 50 feet is below the critical depth the effective stress at the top and bottom of this layer (between -40 
and -50 feet) is the same. 

𝑞𝑞 = 𝜎𝜎′𝑣𝑣𝑁𝑁𝑞𝑞 
𝜎𝜎′𝑣𝑣 =  𝛾𝛾′𝐷𝐷𝑐𝑐     for  D > Dc 

𝑄𝑄𝑑𝑑 = 𝐴𝐴𝑑𝑑𝜎𝜎′𝑣𝑣𝑁𝑁𝑞𝑞 

𝜙𝜙 = 27 →  𝑁𝑁𝑞𝑞 = 12 

𝑄𝑄𝑑𝑑 = 𝜋𝜋(
(1.67 𝑝𝑝𝑃𝑃𝑃𝑃𝑓𝑓)

2
)2 ∗ 1126.4 𝑝𝑝𝑝𝑝𝑝𝑝 ∗ 12 = 30.5 𝑘𝑘𝑃𝑃𝑝𝑝𝑝𝑝 

𝑄𝑄𝑑𝑑 𝑤𝑤𝑠𝑠𝑠𝑠𝑣𝑣𝑤𝑤 =
𝑄𝑄𝑑𝑑
𝐹𝐹𝐹𝐹

=
30.5 𝑘𝑘𝑃𝑃𝑝𝑝𝑝𝑝

2.25
= 13 𝑘𝑘𝑃𝑃𝑝𝑝𝑝𝑝 

CONCLUSIONS: 
A 20 inch pipe pile 65 feet in length will meet the 50 kip compression and 20 kip tension requirements 
along the north end of the New Haven shoreline. This method was applied to the attached excel sheets. 

REFERENCES: 
USACE EM 1110-2-2906 Design of Pile Foundations (1991) 
Bowles, J.E. Physical and Geotechnical Properties of Soils 2nd Edition (1984) 
Kishida, H. Ultimate Bearing Capacity of Pile Driven in Loose Sand Soils and Foundations, Vol. 7, No. 
3: 20-29  
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ATTACHMENT 1: CALCULATIONS 



PROJECT: New Haven General Investigation
SUBJECT: New Haven Allowable Axial Pile Loading

Sheet No.  1  of  12
COMPUTED BY:  DPFransioli  Date: 3/15/2019 

CHECKED BY:  WGG Date: 4/11/2019

New Haven
Southend Near I-95

Soil Type Layer Layer Top Elv. 
Layer 

Bottom 
Elv.

Depth to Layer 
Bottom

 Layer Thickness N60 γt Su φ c' φ' u σvo σvo' σvo critical depth σvo' critical depth Layer Thickness 
(Top 5 feet ignored)

Skin Friction Area
As

(ft) (ft) (ft) (ft) Blow Count (pcf) (psf) (degrees) (psf) (degrees) (psf) (psf) (psf) (psf) (psf) (ft)  (ft2)
Final Grade Sand trace silt (Fill) 1 6 6 0

Top of Piles (4 ft NGVD29) Sand trace silt (Fill) 2 6 4 2 2 15 115 0 32 0 32 0 230 230 230 230 0 0
Organic Silt (OH) 3 4 3 3 1 1 100 450 0 0 22 0 330 330 330 330 0 0.0

Ground Water Table 4 3 3 3 0 0 330 330 330 330 0 0.0
Organic Silt (OH) 5 3 -14 20 17 1 100 450 0 0 22 1060.8 2030 969.2 2030 969.2 13 81.7

Critical Depth 6 -14 -14 20 0 1060.8 2030 969.2 2030 969.2 0 0.0
Organic Silt (OH) 7 -14 -34 40 20 1 100 450 0 0 22 2308.8 4030 1721.2 2030 969.2 20 125.7

Medium to Fine Sand (SP) 8 -34 -41 47 7 10 125 0 30 0 30 2745.6 4905 2159.4 2030 969.2 7 44.0
Upper Silt trace Clay 9 -41 -58 64 17 12 128 0 25 0 25 3806.4 7081 3274.6 2030 969.2 17 106.8
Lower Silt trace Clay 10 -58 -100 106 42 20 132 0 25 0 25 6427.2 12625 6197.8 2030 969.2 42 263.9

Pile Type: Concrete Filled Steel Pipe Pile Compression Tension
Pile Designation: PP 24x0.500 2.25 2.25 Common Values for Corrected K

Diameter B (ft): 2.00 From page 4-2  in EM 1110-2-2906 assumes "Theoretical or empirical prediction not verified by load testing for Unusual Loading"
Cross Sectional Area (in^2): 36.91 Compression Tension

Pile Weight (lb/ft): 126 Sand 1.5 0.5
Effective Area of Pile Tip  (ft^2): 3.14 Dc = 10B 20 loose silts loose sands Silt 1 0.35

Perimeter: 6.28 Dc = 15B 30 medium silts medium dense sand Clay 1 0.7
Dc = 20B 40 dense silts dense sand From Table 4-5 in EM 1110-2-2906

From page 4-13  in EM 1110-2-2906, applicable to both skin friction and end bearing
Values of K for Driven Piles

Soil Type Kc Kt
Steel 0.67φ to 0.83 φ Sand 1 to 2 0.5 to 0.7
Concrete 0.9 φ to 1.0 φ Silt 1 0.5 to 0.7
Timber 0.80 φ to 1.0 φ Clay 1 0.7 to 1.0
Factor For Calculations 0.67 From Table 4-5 4n EM 1110-2-2906
Table 4-3 in EM 1110-2-2906

Water Unit Weight (pcf): 62.4

Layer Kc Kt δ Su/σvo' α1 L/B α2 α α*c σvo' avg fs compression avg Qs compression ΣQs compression
Qs allow 

compression
fstens avg Qs tension ΣQs tension Qs allow tension Nq q at Top of Layer q at Bottom of Layer 

Qt allow at 
Top of Layer 

Qt allow Bottom 
of Layer

Qa allow Compression 
(Undrained)

Qa allow Tension 
(Undrained)

(lbs) (lbs) (kips) (lbs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 21.44 0.0 1.0 0.0 1.0 1.0 0.0 115.0 45 0 0 0.0 22.6 0.0 0 0.0 25 0 5750 0 8 0.0 0.0
3 1 0.5 0 1.4 0.5 0.5 1.0 0.5 225.0 280.0 225 0 0 0.0 225.0 0.0 0 0.0 0 0 0 0 0 0.0 0.0
4 1 0.5 0 0.0 1.0 0.5 1.0 1.0 0.0 330.0 0 0 0 0.0 0.0 0.0 0 0.0 0 0 0 0 0 0.0 0.0
5 1 0.5 0 0.5 0.9 9.0 1.0 0.9 393.1 649.6 393 32112 32112 14.3 393.1 32111.6 32112 14.3 0 0 0 0 0 14.3 14.3
6 1 0.5 0 0.0 1.0 9.0 1.0 1.0 0.0 969.2 0 0 32112 14.3 0.0 0.0 32112 14.3 0 0 0 0 0 14.3 14.3
7 1 0.5 0 0.5 0.9 19.0 1.0 0.9 393.1 969.2 393 49402 81514 36.2 393.1 49402.4 81514 36.2 0 0 0 0 0 36.2 36.2
8 1 0.5 20.1 0.0 1.0 22.5 1.0 1.0 0.0 969.2 355 15600 97113 43.2 177.3 7799.8 89314 39.7 20 19384 19384 27 27 43.2 39.7
9 1 0.5 16.75 0.0 1.0 31.0 1.0 1.0 0.0 969.2 292 31157 128271 57.0 145.8 15578.6 104892 46.6 15 14538 14538 20 20 57.0 46.6

10 1 0.5 16.75 0.0 1.0 52.0 1.0 1.0 0.0 969.2 292 76977 205248 91.2 145.8 38488.4 143381 63.7 15 14538 14538 20 20 91.2 63.7

Layer Kc Kt δ Su/σvo' α1 L/B α2 α αc σvo' avg fs compression avg Qs compression ΣQs compression
Qs allow 

compression
fstens avg Qs tension ΣQs tension Qs allow tension Nq q at Top of Layer q at Bottom of Layer 

Qt allow at 
Top of Layer 

Qt allow  Bottom 
of Layer

Qa allow Compression 
(Drained)

Qa allow Tension 
(Drained)

(lbs) (lbs) (kips) (lbs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 21.44 0.0 1.0 0.0 1.0 1.0 0.0 115.0 45 0 0 0.0 22.6 0.0 0 0.0 25 0 5750 0 8 0.0 0.0
3 1 0.5 14.74 0.0 1.0 0.5 1.0 1.0 0.0 280.0 74 0 0 0.0 36.8 0.0 0 0.0 0 0 0 0 0 0.0 0.0
4 1 0.5 0 0.0 1.0 0.5 1.0 1.0 0.0 330.0 0 0 0 0.0 0.0 0.0 0 0.0 0 0 0 0 0 0.0 0.0
5 1 0.5 14.74 0.0 1.0 9.0 1.0 1.0 0.0 649.6 171 13960 13960 6.2 85.5 6979.8 6980 3.1 0 0 0 0 0 6.2 3.1
6 1 0.5 0 0.0 1.0 9.0 1.0 1.0 0.0 969.2 0 0 13960 6.2 0.0 0.0 6980 3.1 0 0 0 0 0 6.2 3.1
7 1 0.5 14.74 0.0 1.0 19.0 1.0 1.0 0.0 969.2 255 32043 46002 20.4 127.5 16021.4 23001 10.2 0 0 0 0 0 20.4 10.2
8 1 0.5 20.1 0.0 1.0 22.5 1.0 1.0 0.0 969.2 355 15600 61602 27.4 177.3 7799.8 30801 13.7 20 19384 19384 27 27 27.4 13.7
9 1 0.5 16.75 0.0 1.0 31.0 1.0 1.0 0.0 969.2 292 31157 92759 41.2 145.8 15578.6 46380 20.6 15 14538 14538 20 20 41.2 20.6

10 1 0.5 16.75 0.0 1.0 52.0 1.0 1.0 0.0 969.2 292 76977 169736 75.4 145.8 38488.4 84868 37.7 15 14538 14538 20 20 75.4 37.7
*Bearing capacity not included in allowable axial due to organic presence.

Soil Type
Non Displacemnt

Stratification Soil Properties Vertical Soil Pressures at Bottom of Layer

Pile Properties Factor Of Safety Criteria

Drained Analysis (S case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*

Critical Depth Criteria

Adhesion Factor δ 

Undrained Analysis (Q case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
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New Haven
Southend Near I-95

Soil Type Layer Layer Top Elv. 
Layer 

Bottom 
Elv.

Depth to Layer 
Bottom

 Layer Thickness N60 γt Su φ c' φ' u σvo σvo' σvo critical depth σvo' critical depth Layer Thickness 
(Top 5 feet ignored)

Skin Friction Area
As

(ft) (ft) (ft) (ft) Blow Count (pcf) (psf) (degrees) (psf) (degrees) (psf) (psf) (psf) (psf) (psf) (ft)  (ft2)
Final Grade Sand trace silt (Fill) 1 6 6 0

Top of Piles (4 ft NGVD29) Sand trace silt (Fill) 2 6 4 2 2 15 115 0 32 0 32 0 230 230 230 230 0 0
Organic Silt (OH) 3 4 3 3 1 1 100 450 0 0 22 0 330 330 330 330 0 0.0

Ground Water Table 4 3 3 3 0 0 330 330 330 330 0 0.0
Organic Silt (OH) 5 3 -14 20 17 1 100 450 0 0 22 1060.8 2030 969.2 2030 969.2 13 163.4
Organic Silt (OH) 6 -14 -34 40 20 1 100 450 0 0 22 2308.8 4030 1721.2 4030 1721.2 20 251.3

Critical Depth 7 -34 -34 40 0 2308.8 4030 1721.2 4030 1721.2 0 0.0
Medium to Fine Sand (SP) 8 -34 -41 47 7 10 125 0 30 0 30 2745.6 4905 2159.4 4030 1721.2 7 88.0

Upper Silt trace Clay 9 -41 -58 64 17 12 128 0 25 0 25 3806.4 7081 3274.6 4030 1721.2 17 213.6
Lower Silt trace Clay 10 -58 -100 106 42 20 132 0 25 0 25 6427.2 12625 6197.8 4030 1721.2 42 527.8

Pile Type: Drilled Shaft Compression Tension
Pile Designation: 4-foot dia 2.25 2.25 Common Values for Corrected K

Diameter B (ft): 4.00 From page 4-2  in EM 1110-2-2906 assumes "Theoretical or empirical prediction not verified by load testing for Unusual Loading"
Cross Sectional Area (in^2): 1810 Compression Tension

Pile Weight (lb/ft): 1885 Sand 1.5 0.5
Effective Area of Pile Tip  (ft^2): 12.57 Dc = 10B 40 loose silts loose sands Silt 1 0.35

Perimeter: 12.57 Dc = 15B 60 medium silts medium dense sand Clay 1 0.7
Dc = 20B 80 dense silts dense sand From Table 4-5 in EM 1110-2-2906

From page 4-13  in EM 1110-2-2906, applicable to both skin friction and end bearing
Values of K for Driven Piles

Soil Type Kc Kt
Steel 0.67φ to 0.83 φ Sand 1 to 2 0.5 to 0.7
Concrete 0.9 φ to 1.0 φ Silt 1 0.5 to 0.7
Timber 0.80 φ to 1.0 φ Clay 1 0.7 to 1.0
Factor For Calculations 0.9 From Table 4-5 4n EM 1110-2-2906
Table 4-3 in EM 1110-2-2906

Water Unit Weight (pcf): 62.4

Layer Kc Kt δ Su/σvo' α1 L/B α2 α α*c σvo' avg fs compression avg Qs compression ΣQs compression
Qs allow 

compression
fstens avg Qs tension ΣQs tension Qs allow tension Nq q at Top of Layer q at Bottom of Layer 

Qt allow at 
Top of Layer 

Qt allow Bottom 
of Layer

Qa allow Compression 
(Undrained)

Qa allow Tension 
(Undrained)

(lbs) (lbs) (kips) (lbs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 28.8 0.0 1.0 0.0 1.0 1.0 0.0 115.0 63 0 0 0.0 31.6 0.0 0 0.0 25 0 5750 0 32 0.0 0.0
3 1 0.35 0 1.4 0.5 0.3 1.0 0.5 225.0 280.0 225 0 0 0.0 225.0 0.0 0 0.0 25 5750 8250 32 46 0.0 0.0
4 1 0.35 0 0.0 1.0 0.3 1.0 1.0 0.0 330.0 0 0 0 0.0 0.0 0.0 0 0.0 0 0 0 0 0 0.0 0.0
5 1 0.35 0 0.5 0.9 4.5 1.0 0.9 393.1 649.6 393 64223 64223 28.5 393.1 64223.1 64223 28.5 0 0 0 0 0 28.5 28.5
6 1 0.35 0 0.3 1.0 9.5 1.0 1.0 450.0 1345.2 450 113097 177320 78.8 450.0 113097.3 177320 78.8 0 0 0 0 0 78.8 78.8
7 1 0.35 0 0.0 1.0 9.5 1.0 1.0 0.0 1721.2 0 0 177320 78.8 0.0 0.0 177320 78.8 0 0 0 0 0 78.8 78.8
8 1 0.5 27 0.0 1.0 11.3 1.0 1.0 0.0 1721.2 877 77145 254465 113.1 438.5 38572.3 215893 96.0 20 34424 34424 192 192 113.1 96.0
9 1 0.35 22.5 0.0 1.0 15.5 1.0 1.0 0.0 1721.2 713 152305 406770 180.8 249.5 53306.8 269200 119.6 15 25818 25818 144 144 180.8 119.6

10 1 0.35 22.5 0.0 1.0 26.0 1.0 1.0 0.0 1721.2 713 376283 783053 348.0 249.5 131699.1 400899 178.2 15 25818 25818 144 144 348.0 178.2

Layer Kc Kt δ Su/σvo' α1 L/B α2 α αc σvo' avg fs compression avg Qs compression ΣQs compression
Qs allow 

compression
fstens avg Qs tension ΣQs tension Qs allow tension Nq q at Top of Layer q at Bottom of Layer 

Qt allow at 
Top of Layer 

Qt allow  Bottom 
of Layer

Qa allow Compression 
(Drained)

Qa allow Tension 
(Drained)

(lbs) (lbs) (kips) (lbs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 28.8 0.0 1.0 0.0 1.0 1.0 0.0 115.0 63 0 0 0.0 31.6 0.0 0 0.0 25 0 5750 0 32 0.0 0.0
3 1 0.35 19.8 0.0 1.0 0.3 1.0 1.0 0.0 280.0 101 0 0 0.0 35.3 0.0 0 0.0 25 5750 8250 32 46 0.0 0.0
4 1 0.35 0 0.0 1.0 0.3 1.0 1.0 0.0 330.0 0 0 0 0.0 0.0 0.0 0 0.0 0 0 0 0 0 0.0 0.0
5 1 0.35 19.8 0.0 1.0 4.5 1.0 1.0 0.0 649.6 234 38206 38206 17.0 81.9 13372.0 13372 5.9 0 0 0 0 0 17.0 5.9
6 1 0.35 19.8 0.0 1.0 9.5 1.0 1.0 0.0 1345.2 484 121718 159924 71.1 169.5 42601.4 55973 24.9 0 0 0 0 0 71.1 24.9
7 1 0.35 0 0.0 1.0 9.5 1.0 1.0 0.0 1721.2 0 0 159924 71.1 0.0 0.0 55973 24.9 0 0 0 0 0 71.1 24.9
8 1 0.5 27 0.0 1.0 11.3 1.0 1.0 0.0 1721.2 877 77145 237069 105.4 438.5 38572.3 94546 42.0 20 34424 34424 192 192 105.4 42.0
9 1 0.35 22.5 0.0 1.0 15.5 1.0 1.0 0.0 1721.2 713 152305 389374 173.1 249.5 53306.8 147852 65.7 15 25818 25818 144 144 173.1 65.7

10 1 0.35 22.5 0.0 1.0 26.0 1.0 1.0 0.0 1721.2 713 376283 765657 340.3 249.5 131699.1 279552 124.2 15 25818 25818 144 144 340.3 124.2
*Bearing capacity not included in allowable axial due to organic presence.

Soil Type
Non Displacemnt

Stratification Soil Properties Vertical Soil Pressures at Bottom of Layer

Pile Properties Factor Of Safety Criteria

Drained Analysis (S case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*

Critical Depth Criteria

Adhesion Factor δ 

Undrained Analysis (Q case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
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New Haven
Southend Near Shoreline

Soil Type Layer Layer Top Elv. 
Layer 

Bottom 
Elv.

Depth to Layer 
Bottom

 Layer Thickness N60 γt Su φ c' φ' u σvo σvo' σvo critical depth σvo' critical depth Layer Thickness 
(Top 5 feet ignored)

Skin Friction Area
As

(ft) (ft) (ft) (ft) Blow Count (pcf) (psf) (degrees) (psf) (degrees) (psf) (psf) (psf) (psf) (psf) (ft)  (ft2)
Final Grade Sand trace silt (Fill) 1 6 6 0

Top of Piles (4 ft NGVD29) Sand trace silt (Fill) 2 6 4 2 2 15 115 0 32 0 32 0 230 230 230 230 0 0
Sand trace silt (Fill) 3 4 3 3 1 15 115 0 32 0 32 0 345 345 345 345 0 0.0

Ground Water Table 4 3 3 3 0 0 345 345 345 345 0 0.0
Sand trace silt (Fill) 5 3 0 6 3 15 115 0 32 0 32 187.2 690 502.8 690 502.8 0 0.0

Coarse to Fine Sand (SW) 6 0 -9 15 9 20 120 0 35 0 35 748.8 1770 1021.2 1770 1021.2 8 41.9
Organic Silt (OH) 7 -9 -11 17 2 1 100 450 0 0 22 873.6 1970 1096.4 1970 1096.4 2 10.5

Critical Depth 8 -11 -11 17 0 873.6 1970 1096.4 1970 1096.4 0 0.0
Organic Silt (OH) 9 -11 -20 26 9 1 100 450 0 0 22 1435.2 2870 1434.8 1970 1096.4 9 47.1
Organic Silt (OH) 10 -20 -37 43 17 1 100 450 0 0 22 2496 4570 2074 1970 1096.4 17 89.0

Sand 11 -37 -47 53 10 20 120 0 35 0 35 3120 5770 2650 1970 1096.4 10 52.4
Upper Silt trace Clay 12 -47 -75 81 28 12 128 0 25 0 25 4867.2 9354 4486.8 1970 1096.4 28 146.6
Lower Silt trace Clay 13 -75 -100 106 25 20 132 0 25 0 25 6427.2 12654 6226.8 1970 1096.4 25 130.9

Pile Type: Concrete Filled Steel Pipe Pile Compression Tension
Pile Designation: PP 20x0.500 2.25 2.25 Common Values for Corrected K

Diameter B (ft): 1.67 From page 4-2  in EM 1110-2-2906 assumes "Theoretical or empirical prediction not verified by load testing for Unusual Loading"
Cross Sectional Area (in^2): 30.63 Compression Tension

Pile Weight (lb/ft): 104 Sand 1.5 0.5
Effective Area of Pile Tip  (ft^2): 2.18 Dc = 10B 17 loose silts loose sands Silt 1 0.35

Perimeter: 5.24 Dc = 15B 25 medium silts medium dense sand Clay 1 0.7
Dc = 20B 33 dense silts dense sand From Table 4-5 in EM 1110-2-2906

From page 4-13  in EM 1110-2-2906, applicable to both skin friction and end bearing
Values of K for Driven Piles

Soil Type Kc Kt
Steel 0.67φ to 0.83 φ Sand 1 to 2 0.5 to 0.7
Concrete 0.9 φ to 1.0 φ Silt 1 0.5 to 0.7
Timber 0.80 φ to 1.0 φ Clay 1 0.7 to 1.0
Factor For Calculations 0.67 From Table 4-5 4n EM 1110-2-2906
Table 4-3 in EM 1110-2-2906

Water Unit Weight (pcf): 62.4

Layer Kc Kt δ Su/σvo' α1 L/B α2 α α*c σvo' avg fs compression avg Qs compression ΣQs compression
Qs allow 

compression
fstens avg Qs tension ΣQs tension Qs allow tension Nq q at Top of Layer q at Bottom of Layer 

Qt allow at 
Top of Layer 

Qt allow Bottom 
of Layer

Qa allow Compression 
(Undrained)

Qa allow Tension 
(Undrained)

(lbs) (lbs) (kips) (lbs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 21.44 0.0 1.0 0.0 1.0 1.0 0.0 115.0 45 0 0 0.0 22.6 0.0 0 0.0 25 0 5750 0 6 0.0 0.0
3 1 0.5 21.44 0.0 1.0 0.6 1.0 1.0 0.0 287.5 113 0 0 0.0 56.5 0.0 0 0.0 25 5750 8625 6 8 0.0 0.0
4 1 0.5 0 0.0 1.0 0.6 1.0 1.0 0.0 345.0 0 0 0 0.0 0.0 0.0 0 0.0 25 8625 8625 8 8 0.0 0.0
5 1 0.5 21.44 0.0 1.0 2.4 1.0 1.0 0.0 423.9 166 0 0 0.0 83.2 0.0 0 0.0 25 8625 12570 8 12 0.0 0.0
6 1 0.5 23.45 0.0 1.0 7.8 1.0 1.0 0.0 762.0 331 13845 13845 6.2 165.3 6922.7 6923 3.1 40 20112 40848 20 40 6.2 3.1
7 1 0.5 0 0.4 0.9 9.0 1.0 0.9 420.0 1058.8 420 4399 18244 8.1 420.0 4398.6 11321 5.0 0 0 0 0 0 8.1 5.0
8 1 0.5 0 0.0 1.0 9.0 1.0 1.0 0.0 1096.4 0 0 18244 8.1 0.0 0.0 11321 5.0 0 0 0 0 0 8.1 5.0
9 1 0.5 0 0.4 0.9 14.4 1.0 0.9 420.0 1096.4 420 19794 38038 16.9 420.0 19793.8 31115 13.8 0 0 0 0 0 16.9 13.8

10 1 0.5 0 0.4 0.9 24.6 1.0 0.9 420.0 1096.4 420 37388 75426 33.5 420.0 37388.3 68504 30.4 0 0 0 0 0 33.5 30.4
11 1 0.5 23.45 0.0 1.0 30.6 1.0 1.0 0.0 1096.4 476 24902 100328 44.6 237.8 12450.9 80954 36.0 40 43856 43856 43 43 44.6 36.0
12 1 0.5 16.75 0.0 1.0 47.4 1.0 1.0 0.0 1096.4 330 48377 148706 66.1 165.0 24188.7 105143 46.7 15 16446 16446 16 16 66.1 46.7
13 1 0.5 16.75 0.0 1.0 62.4 0.9 0.9 0.0 1096.4 330 43194 191900 85.3 165.0 21597.1 126740 56.3 15 16446 16446 16 16 85.3 56.3

Layer Kc Kt δ Su/σvo' α1 L/B α2 α αc σvo' avg fs compression avg Qs compression ΣQs compression
Qs allow 

compression
fstens avg Qs tension ΣQs tension Qs allow tension Nq q at Top of Layer q at Bottom of Layer 

Qt allow at 
Top of Layer 

Qt allow  Bottom 
of Layer

Qa allow Compression 
(Drained)

Qa allow Tension 
(Drained)

(lbs) (lbs) (kips) (lbs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 21.44 0.0 1.0 0.0 1.0 1.0 0.0 115.0 45 0 0 0.0 22.6 0.0 0 0.0 25 0 5750 0 6 0.0 0.0
3 1 0.5 21.44 0.0 1.0 0.6 1.0 1.0 0.0 287.5 113 0 0 0.0 56.5 0.0 0 0.0 25 5750 8625 6 8 0.0 0.0
4 1 0.5 0 0.0 1.0 0.6 1.0 1.0 0.0 345.0 0 0 0 0.0 0.0 0.0 0 0.0 25 8625 8625 8 8 0.0 0.0
5 1 0.5 21.44 0.0 1.0 2.4 1.0 1.0 0.0 423.9 166 0 0 0.0 83.2 0.0 0 0.0 25 8625 12570 8 12 0.0 0.0
6 1 0.5 23.45 0.0 1.0 7.8 1.0 1.0 0.0 762.0 331 13845 13845 6.2 165.3 6922.7 6923 3.1 40 20112 40848 20 40 6.2 3.1
7 1 0.5 14.74 0.0 1.0 9.0 1.0 1.0 0.0 1058.8 279 2917 16763 7.5 139.3 1458.5 8381 3.7 0 0 0 0 0 7.5 3.7
8 1 0.5 0 0.0 1.0 9.0 1.0 1.0 0.0 1096.4 0 0 16763 7.5 0.0 0.0 8381 3.7 0 0 0 0 0 7.5 3.7
9 1 0.5 14.74 0.0 1.0 14.4 1.0 1.0 0.0 1096.4 288 13593 30356 13.5 144.2 6796.5 15178 6.7 0 0 0 0 0 13.5 6.7

10 1 0.5 14.74 0.0 1.0 24.6 1.0 1.0 0.0 1096.4 288 25676 56031 24.9 144.2 12837.9 28016 12.5 0 0 0 0 0 24.9 12.5
11 1 0.5 23.45 0.0 1.0 30.6 1.0 1.0 0.0 1096.4 476 24902 80933 36.0 237.8 12450.9 40467 18.0 40 43856 43856 43 43 36.0 18.0
12 1 0.5 16.75 0.0 1.0 47.4 1.0 1.0 0.0 1096.4 330 48377 129311 57.5 165.0 24188.7 64655 28.7 15 16446 16446 16 16 57.5 28.7
13 1 0.5 16.75 0.0 1.0 62.4 0.9 0.9 0.0 1096.4 330 43194 172505 76.7 165.0 21597.1 86252 38.3 15 16446 16446 16 16 76.7 38.3

*Bearing capacity not included in allowable axial due to organic presence.

Soil Type
Non Displacemnt

Stratification Soil Properties Vertical Soil Pressures at Bottom of Layer

Pile Properties Factor Of Safety Criteria

Drained Analysis (S case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*

Critical Depth Criteria

Adhesion Factor δ 

Undrained Analysis (Q case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*



PROJECT: New Haven General Investigation
SUBJECT: New Haven Allowable Axial Pile 

Loading

Sheet No.  6  of  12
COMPUTED BY:  DPFransioli  Date: 3/15/2019 

CHECKED BY:  WGG Date: 4/11/2019

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

10

20

0 2000 4000 6000 8000 10000 12000 14000

El
ev

at
io

n 
(ft

, N
G

VD
29

)

Vertical Pressure (psf)

Vertical Soil Pressures

Total Vertical Pressure

Effective Vertical Pressure

Pile Limiting Vertical Pressure

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

10

20

0 10 20 30 40 50 60 70 80 90 100

El
ev

at
io

n 
(ft

, N
G

VD
29

)

Allowable Capacity (kips)

South End of New Haven Shoreline Allowable Axial Loading 
(20 inch Pipe Pile)

Qa allow Compression (Drained)

Qa allow Tension (Drained)

Note: End bearing capacity not included in allowable
 capacity due to potential presence of organic silts 
at the pile tip. 
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New Haven
Northend Near Shoreline

Soil Type Layer Layer Top Elv. 
Layer 

Bottom 
Elv.

Depth to Layer 
Bottom

 Layer Thickness N60 γt Su φ c' φ' u σvo σvo' σvo critical depth σvo' critical depth Layer Thickness 
(Top 5 feet ignored)

Skin Friction Area
As

(ft) (ft) (ft) (ft) Blow Count (pcf) (psf) (degrees) (psf) (degrees) (psf) (psf) (psf) (psf) (psf) (ft)  (ft2)
Final Grade Sand trace silt (Fill) 1 6 6 0

Top of Piles (4 ft NGVD29) Sand trace silt (Fill) 2 6 4 2 2 20 120 0 35 0 35 0 240 240 240 240 0 0
Sand trace silt (Fill) 3 4 3 3 1 20 120 0 35 0 35 0 360 360 360 360 0 0.0

Ground Water Table 4 3 3 3 0 0 360 360 360 360 0 0.0
Sand trace silt (Fill) 5 3 -3 9 6 20 120 0 35 0 35 374.4 1080 705.6 1080 705.6 2 10.5

Sand trace silt (SP/SW) 6 -3 -11 17 8 15 115 0 32 0 32 873.6 2000 1126.4 2000 1126.4 8 41.9
Critical Depth 7 -11 -11 17 0 873.6 2000 1126.4 2000 1126.4 0 0.0

Sand trace silt (SP/SW) 8 -11 -14 20 3 15 115 0 32 0 32 1060.8 2345 1284.2 2345 1126.4 3 15.7
Organic Silt (OH) 9 -14 -40 46 26 1 100 450 0 0 22 2683.2 4945 2261.8 2345 1126.4 26 136.1

Medium to Fine Sand (SP) 10 -40 -50 56 10 20 120 0 35 0 35 3307.2 6145 2837.8 2345 1126.4 10 52.4
Silt trace Clay 11 -50 -100 106 50 25 134 0 27 0 27 6427.2 12845 6417.8 2345 1126.4 50 261.8

Pile Type: Concrete Filled Steel Pipe Pile Compression Tension
Pile Designation: PP 20x0.500 2.25 2.25 Common Values for Corrected K

Diameter B (ft): 1.67 From page 4-2  in EM 1110-2-2906 assumes "Theoretical or empirical prediction not verified by load testing for Unusual Loading"
Cross Sectional Area (in^2): 30.63 Compression Tension

Pile Weight (lb/ft): 104 Sand 1.5 0.5
Effective Area of Pile Tip  (ft^2): 2.18 Dc = 10B 17 loose silts loose sands Silt 1 0.35

Perimeter: 5.24 Dc = 15B 25 medium silts medium dense sand Clay 1 0.7
Dc = 20B 33 dense silts dense sand From Table 4-5 in EM 1110-2-2906

From page 4-13  in EM 1110-2-2906, applicable to both skin friction and end bearing
Values of K for Driven Piles

Soil Type Kc Kt
Steel 0.67φ to 0.83 φ Sand 1 to 2 0.5 to 0.7
Concrete 0.9 φ to 1.0 φ Silt 1 0.5 to 0.7
Timber 0.80 φ to 1.0 φ Clay 1 0.7 to 1.0
Factor For Calculations 0.67 From Table 4-5 4n EM 1110-2-2906
Table 4-3 in EM 1110-2-2906

Water Unit Weight (pcf): 62.4

Layer Kc Kt δ Su/σvo' α1 L/B α2 α α*c σvo' avg fs compression avg Qs compression ΣQs compression
Qs allow 

compression
fstens avg Qs tension ΣQs tension Qs allow tension Nq q at Top of Layer q at Bottom of Layer 

Qt allow at 
Top of Layer 

Qt allow Bottom 
of Layer

Qa allow Compression 
(Undrained)

Qa allow Tension 
(Undrained)

(lbs) (lbs) (kips) (lbs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 23.45 0.0 1.0 0.0 1.0 1.0 0.0 120.0 52 0 0 0.0 26.0 0.0 0 0.0 40 0 9600 0 9 0.0 0.0
3 1 0.5 23.45 0.0 1.0 0.6 1.0 1.0 0.0 300.0 130 0 0 0.0 65.1 0.0 0 0.0 40 9600 14400 9 14 0.0 0.0
4 1 0.5 0 0.0 1.0 0.6 1.0 1.0 0.0 360.0 0 0 0 0.0 0.0 0.0 0 0.0 40 14400 14400 14 14 0.0 0.0
5 1 0.5 23.45 0.0 1.0 4.2 1.0 1.0 0.0 532.8 231 2420 2420 1.1 115.6 1210.1 1210 0.5 40 14400 28224 14 27 1.1 0.5
6 1 0.5 21.44 0.0 1.0 9.0 1.0 1.0 0.0 916.0 360 15068 17488 7.8 179.9 7533.8 8744 3.9 25 17640 28160 17 27 7.8 3.9
7 1 0.5 0 0.0 1.0 9.0 1.0 1.0 0.0 1126.4 0 0 17488 7.8 0.0 0.0 8744 3.9 25 28160 28160 27 27 7.8 3.9
8 1 0.5 21.44 0.0 1.0 10.8 1.0 1.0 0.0 1126.4 442 6948 24436 10.9 221.2 3474.1 12218 5.4 25 28160 28160 27 27 10.9 5.4
9 1 0.5 0 0.4 0.9 26.4 1.0 0.9 425.5 1126.4 425 57926 82362 36.6 425.5 57925.5 70144 31.2 0 0 0 0 0 36.6 31.2

10 1 0.5 23.45 0.0 1.0 32.4 1.0 1.0 0.0 1126.4 489 25583 107945 48.0 244.3 12791.6 82935 36.9 40 45056 45056 44 44 48.0 36.9
11 1 0.5 18.09 0.0 1.0 62.4 0.9 0.9 0.0 1126.4 368 96328 204273 90.8 184.0 48164.1 131099 58.3 12 13516.8 13516.8 13 13 90.8 58.3

Layer Kc Kt δ Su/σvo' α1 L/B α2 α αc σvo' avg fs compression avg Qs compression ΣQs compression
Qs allow 

compression
fstens avg Qs tension ΣQs tension Qs allow tension Nq q at Top of Layer q at Bottom of Layer 

Qt allow at 
Top of Layer 

Qt allow  Bottom 
of Layer

Qa allow Compression 
(Drained)

Qa allow Tension 
(Drained)

(lbs) (lbs) (kips) (lbs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 23.45 0.0 1.0 0.0 1.0 1.0 0.0 120.0 52 0 0 0.0 26.0 0.0 0 0.0 40 0 9600 0 9 0.0 0.0
3 1 0.5 23.45 0.0 1.0 0.6 1.0 1.0 0.0 300.0 130 0 0 0.0 65.1 0.0 0 0.0 40 9600 14400 9 14 0.0 0.0
4 1 0.5 0 0.0 1.0 0.6 1.0 1.0 0.0 360.0 0 0 0 0.0 0.0 0.0 0 0.0 40 14400 14400 14 14 0.0 0.0
5 1 0.5 23.45 0.0 1.0 4.2 1.0 1.0 0.0 532.8 231 2420 2420 1.1 115.6 1210.1 1210 0.5 40 14400 28224 14 27 1.1 0.5
6 1 0.5 21.44 0.0 1.0 9.0 1.0 1.0 0.0 916.0 360 15068 17488 7.8 179.9 7533.8 8744 3.9 25 17640 28160 17 27 7.8 3.9
7 1 0.5 0 0.0 1.0 9.0 1.0 1.0 0.0 1126.4 0 0 17488 7.8 0.0 0.0 8744 3.9 25 28160 28160 27 27 7.8 3.9
8 1 0.5 21.44 0.0 1.0 10.8 1.0 1.0 0.0 1126.4 442 6948 24436 10.9 221.2 3474.1 12218 5.4 25 28160 28160 27 27 10.9 5.4
9 1 0.5 14.74 0.0 1.0 26.4 1.0 1.0 0.0 1126.4 296 40343 64779 28.8 148.2 20171.6 32390 14.4 0 0 0 0 0 28.8 14.4

10 1 0.5 23.45 0.0 1.0 32.4 1.0 1.0 0.0 1126.4 489 25583 90363 40.2 244.3 12791.6 45181 20.1 40 45056 45056 44 44 40.2 20.1
11 1 0.5 18.09 0.0 1.0 62.4 0.9 0.9 0.0 1126.4 368 96328 186691 83.0 184.0 48164.1 93345 41.5 12 13516.8 13516.8 13 13 83.0 41.5

*Bearing capacity not included in allowable axial due to organic presence.

Soil Type
Non Displacemnt

Stratification Soil Properties Vertical Soil Pressures at Bottom of Layer

Pile Properties Factor Of Safety Criteria

Drained Analysis (S case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*

Critical Depth Criteria

Adhesion Factor δ 

Undrained Analysis (Q case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
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Note: End bearing capacity not included in allowable
 capacity due to potential presence of organic silts 
at the pile tip. 
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New Haven
Northend Near I-95

Soil Type Layer Layer Top Elv. 
Layer 

Bottom Elv.
Depth to Layer 

Bottom
 Layer Thickness N60 γt Su φ c' φ' u σvo σvo' σvo critical depth σvo' critical depth

Layer Thickness 
(Top 5 feet ignored)

Skin Friction Area
As

(ft) (ft) (ft) (ft) Blow Count (pcf) (psf) (degrees) (psf) (degrees) (psf) (psf) (psf) (psf) (psf) (ft)  (ft2)
Final Grade Sand trace silt (Fill) 1 6 6 0

Top of Piles (4 ft NGVD29) Sand trace silt (Fill) 2 6 4 2 2 15 115 0 32 0 32 0 230 230 230 230 0 0
Sand trace silt (Fill) 3 4 3 3 1 15 115 0 32 0 32 0 345 345 345 345 0 0.0

Ground Water Table 4 3 3 3 0 0 345 345 345 345 0 0.0
Sand trace silt (Fill) 5 3 1 5 2 15 115 0 32 0 32 124.8 575 450.2 575 450.2 0 0.0

Organic Silt (OH) 6 1 -14 20 15 1 100 450 0 0 22 1060.8 2075 1014.2 2075 1014.2 13 81.7
Critical Depth 7 -14 -14 20 0 1060.8 2075 1014.2 2075 1014.2 0 0.0

Organic Silt (OH) 8 -14 -39 45 25 1 100 450 0 0 22 2620.8 4575 1954.2 2075 1014.2 25 157.1
Medium to Fine Sand (SP) 9 -39 -50 56 11 30 125 0 35 0 35 3307.2 5950 2642.8 2075 1014.2 11 69.1

Silt trace Clay 10 -50 -100 106 50 20 132 0 25 0 25 6427.2 12550 6122.8 2075 1014.2 50 314.2

Pile Type: Concrete Filled Steel Pipe Pile Compression Tension
Pile Designation: PP 24x0.500 2.25 2.25 Common Values for Corrected K
Diameter B (ft): 2.00 From page 4-2  in EM 1110-2-2906 assumes "Theoretical or empirical prediction not verified by load testing for Unusual Loading"

Cross Sectional Area (in^2): 36.91 Compression Tension
Pile Weight (lb/ft): 126 Sand 1.5 0.5

Effective Area of Pile Tip  (ft^2): 3.14 Dc = 10B 20 loose silts loose sands Silt 1 0.35
Perimeter: 6.28 Dc = 15B 30 medium silts medium dense sand Clay 1 0.7

Dc = 20B 40 dense silts dense sand From Table 4-5 in EM 1110-2-2906
From page 4-13  in EM 1110-2-2906, applicable to both skin friction and end bearing

Values of K for Driven Piles
Soil Type Kc Kt

Steel 0.67φ to 0.83 φ Sand 1 to 2 0.5 to 0.7
Concrete 0.9 φ to 1.0 φ Silt 1 0.5 to 0.7
Timber 0.80 φ to 1.0 φ Clay 1 0.7 to 1.0
Factor For Calculations 0.67 From Table 4-5 4n EM 1110-2-2906
Table 4-3 in EM 1110-2-2906

Water Unit Weight (pcf): 62.4

Layer Kc Kt δ Su/σvo' α1 L/B α2 α α*c σvo' avg fs compression avg Qs compression ΣQs compression
Qs allow 

compression
fstens avg Qs tension ΣQs tension Qs allow tension Nq q at Top of Layer q at Bottom of Layer 

Qt allow at 
Top of Layer 

Qt allow Bottom of 
Layer

Qa allow Compression 
(Undrained)

Qa allow Tension 
(Undrained)

(lbs) (lbs) (kips) (lbs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 21.44 0.0 1.0 0.0 1.0 1.0 0.0 115.0 45 0 0 0.0 22.6 0.0 0 0.0 25 0 5750 0 8 0.0 0.0
3 1 0.5 21.44 0.0 1.0 0.5 1.0 1.0 0.0 287.5 113 0 0 0.0 56.5 0.0 0 0.0 25 5750 8625 8 12 0.0 0.0
4 1 0.5 0 0.0 1.0 0.5 1.0 1.0 0.0 345.0 0 0 0 0.0 0.0 0.0 0 0.0 25 8625 8625 12 12 0.0 0.0
5 1 0.5 21.44 0.0 1.0 1.5 1.0 1.0 0.0 397.6 156 0 0 0.0 78.1 0.0 0 0.0 25 8625 11255 12 16 0.0 0.0
6 1 0.5 0 0.4 0.9 9.0 1.0 0.9 403.4 732.2 403 32952 32952 14.6 403.4 32952.1 32952 14.6 0 0 0 0 0 14.6 14.6
7 1 0.5 0 0.0 1.0 9.0 1.0 1.0 0.0 1014.2 0 0 32952 14.6 0.0 0.0 32952 14.6 0 0 0 0 0 14.6 14.6
8 1 0.5 0 0.4 0.9 21.5 1.0 0.9 403.4 1014.2 403 63369 96321 42.8 403.4 63369.4 96321 42.8 0 0 0 0 0 42.8 42.8
9 1 0.5 23.45 0.0 1.0 27.0 1.0 1.0 0.0 1014.2 440 30406 126728 56.3 220.0 15203.1 111525 49.6 40 40568 40568 57 57 56.3 49.6

10 1 0.5 16.75 0.0 1.0 52.0 1.0 1.0 0.0 1014.2 305 95894 222621 98.9 152.6 47946.9 159471 70.9 15 15213 15213 21 21 98.9 70.9

Layer Kc Kt δ Su/σvo' α1 L/B α2 α αc σvo' avg fs compression avg Qs compression ΣQs compression
Qs allow 

compression
fstens avg Qs tension ΣQs tension Qs allow tension Nq q at Top of Layer q at Bottom of Layer 

Qt allow at 
Top of Layer 

Qt allow  Bottom 
of Layer

Qa allow Compression 
(Drained)

Qa allow Tension 
(Drained)

(lbs) (lbs) (kips) (lbs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 21.44 0.0 1.0 0.0 1.0 1.0 0.0 115.0 45 0 0 0.0 22.6 0.0 0 0.0 25 0 5750 0 8 0.0 0.0
3 1 0.5 21.44 0.0 1.0 0.5 1.0 1.0 0.0 287.5 113 0 0 0.0 56.5 0.0 0 0.0 25 5750 8625 8 12 0.0 0.0
4 1 0.5 0 0.0 1.0 0.5 1.0 1.0 0.0 345.0 0 0 0 0.0 0.0 0.0 0 0.0 25 8625 8625 12 12 0.0 0.0
5 1 0.5 21.44 0.0 1.0 1.5 1.0 1.0 0.0 397.6 156 0 0 0.0 78.1 0.0 0 0.0 25 8625 11255 12 16 0.0 0.0
6 1 0.5 14.74 0.0 1.0 9.0 1.0 1.0 0.0 732.2 193 15735 15735 7.0 96.3 7867.4 7867 3.5 0 0 0 0 0 7.0 3.5
7 1 0.5 0 0.0 1.0 9.0 1.0 1.0 0.0 1014.2 0 0 15735 7.0 0.0 0.0 7867 3.5 0 0 0 0 0 7.0 3.5
8 1 0.5 14.74 0.0 1.0 21.5 1.0 1.0 0.0 1014.2 267 41913 57648 25.6 133.4 20956.6 28824 12.8 0 0 0 0 0 25.6 12.8
9 1 0.5 23.45 0.0 1.0 27.0 1.0 1.0 0.0 1014.2 440 30406 88054 39.1 220.0 15203.1 44027 19.6 40 40568 40568 57 57 39.1 19.6

10 1 0.5 16.75 0.0 1.0 52.0 1.0 1.0 0.0 1014.2 305 95894 183948 81.8 152.6 47946.9 91974 40.9 15 15213 15213 21 21 81.8 40.9
*Bearing capacity not included in allowable axial due to organic presence.

Soil Type
Non Displacemnt

Stratification Soil Properties Vertical Soil Pressures at Bottom of Layer

Pile Properties Factor Of Safety Criteria

Drained Analysis (S case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*

Critical Depth Criteria

Adhesion Factor δ 

Undrained Analysis (Q case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
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 capacity due to potential presence of organic silts 
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New Haven
Northend Near I-95

Soil Type Layer Layer Top Elv. 
Layer 

Bottom 
Elv.

Depth to Layer 
Bottom

 Layer Thickness N60 γt Su φ c' φ' u σvo σvo' σvo critical depth σvo' critical depth Layer Thickness 
(Top 5 feet ignored)

Skin Friction Area
As

(ft) (ft) (ft) (ft) Blow Count (pcf) (psf) (degrees) (psf) (degrees) (psf) (psf) (psf) (psf) (psf) (ft)  (ft2)
Final Grade Sand trace silt (Fill) 1 6 6 0

Top of Piles (4 ft NGVD29) Sand trace silt (Fill) 2 6 4 2 2 15 115 0 32 0 32 0 230 230 230 230 0 0
Sand trace silt (Fill) 3 4 3 3 1 15 115 0 32 0 32 0 345 345 345 345 0 0.0

Ground Water Table 4 3 3 3 0 0 345 345 345 345 0 0.0
Sand trace silt (Fill) 5 3 1 5 2 15 115 0 32 0 32 124.8 575 450.2 575 450.2 0 0.0

Organic Silt (OH) 6 1 -34 40 35 1 100 450 0 0 22 2308.8 4075 1766.2 4075 1766.2 33 414.7
Critical Depth 7 -34 -34 40 0 2308.8 4075 1766.2 4075 1766.2 0 0.0

Organic Silt (OH) 8 -34 -39 45 5 1 100 450 0 0 22 2620.8 4575 1954.2 4075 1766.2 5 62.8
Medium to Fine Sand (SP) 9 -39 -50 56 11 30 125 0 35 0 35 3307.2 5950 2642.8 4075 1766.2 11 138.2

Silt trace Clay 10 -50 -100 106 50 20 132 0 25 0 25 6427.2 12550 6122.8 4075 1766.2 50 628.3

Pile Type: Drilled Shaft Compression Tension
Pile Designation: 4-foot dia 2.25 2.25 Common Values for Corrected K

Diameter B (ft): 4.00 From page 4-2  in EM 1110-2-2906 assumes "Theoretical or empirical prediction not verified by load testing for Unusual Loading"
Cross Sectional Area (in^2): 1810 Compression Tension

Pile Weight (lb/ft): 1885 Sand 1.5 0.5
Effective Area of Pile Tip  (ft^2): 12.57 Dc = 10B 40 loose silts loose sands Silt 1 0.35

Perimeter: 12.57 Dc = 15B 60 medium silts medium dense sand Clay 1 0.7
Dc = 20B 80 dense silts dense sand From Table 4-5 in EM 1110-2-2906

From page 4-13  in EM 1110-2-2906, applicable to both skin friction and end bearing
Values of K for Driven Piles

Soil Type Kc Kt
Steel 0.67φ to 0.83 φ Sand 1 to 2 0.5 to 0.7
Concrete 0.9 φ to 1.0 φ Silt 1 0.5 to 0.7
Timber 0.80 φ to 1.0 φ Clay 1 0.7 to 1.0
Factor For Calculations 0.9 From Table 4-5 4n EM 1110-2-2906
Table 4-3 in EM 1110-2-2906

Water Unit Weight (pcf): 62.4

Layer Kc Kt δ Su/σvo' α1 L/B α2 α α*c σvo' avg fs compression avg Qs compression ΣQs compression
Qs allow 

compression
fstens avg Qs tension ΣQs tension Qs allow tension Nq q at Top of Layer q at Bottom of Layer 

Qt allow at 
Top of Layer 

Qt allow Bottom 
of Layer

Qa allow Compression 
(Undrained)

Qa allow Tension 
(Undrained)

(lbs) (lbs) (kips) (lbs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 28.8 0.0 1.0 0.0 1.0 1.0 0.0 115.0 63 0 0 0.0 31.6 0.0 0 0.0 25 0 5750 0 32 0.0 0.0
3 1 0.5 28.8 0.0 1.0 0.3 1.0 1.0 0.0 287.5 158 0 0 0.0 79.0 0.0 0 0.0 25 5750 8625 32 48 0.0 0.0
4 1 0.5 0 0.0 1.0 0.3 1.0 1.0 0.0 345.0 0 0 0 0.0 0.0 0.0 0 0.0 25 8625 8625 48 48 0.0 0.0
5 1 0.5 28.8 0.0 1.0 0.8 1.0 1.0 0.0 397.6 219 0 0 0.0 109.3 0.0 0 0.0 25 8625 11255 48 63 0.0 0.0
6 1 0.35 0 0.3 1.0 9.5 1.0 1.0 450.0 1108.2 450 186611 186611 82.9 450.0 186610.6 186611 82.9 0 0 0 0 0 82.9 82.9
7 1 0.35 0 0.0 1.0 9.5 1.0 1.0 0.0 1766.2 0 0 186611 82.9 0.0 0.0 186611 82.9 0 0 0 0 0 82.9 82.9
8 1 0.35 0 0.3 1.0 10.8 1.0 1.0 450.0 1766.2 450 28274 214885 95.5 450.0 28274.3 214885 95.5 0 0 0 0 0 95.5 95.5
9 1 0.5 31.5 0.0 1.0 13.5 1.0 1.0 0.0 1766.2 1082 149610 364495 162.0 541.2 74805.2 289690 128.8 40 70648 70648 395 395 162.0 128.8

10 1 0.35 22.5 0.0 1.0 26.0 1.0 1.0 0.0 1766.2 732 459668 824163 366.3 256.1 160883.7 450574 200.3 15 26493 26493 148 148 366.3 200.3

Layer Kc Kt δ Su/σvo' α1 L/B α2 α αc σvo' avg fs compression avg Qs compression ΣQs compression
Qs allow 

compression
fstens avg Qs tension ΣQs tension Qs allow tension Nq q at Top of Layer q at Bottom of Layer 

Qt allow at 
Top of Layer 

Qt allow  Bottom 
of Layer

Qa allow Compression 
(Drained)

Qa allow Tension 
(Drained)

(lbs) (lbs) (kips) (lbs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 28.8 0.0 1.0 0.0 1.0 1.0 0.0 115.0 63 0 0 0.0 31.6 0.0 0 0.0 25 0 5750 0 32 0.0 0.0
3 1 0.5 28.8 0.0 1.0 0.3 1.0 1.0 0.0 287.5 158 0 0 0.0 79.0 0.0 0 0.0 25 5750 8625 32 48 0.0 0.0
4 1 0.5 0 0.0 1.0 0.3 1.0 1.0 0.0 345.0 0 0 0 0.0 0.0 0.0 0 0.0 25 8625 8625 48 48 0.0 0.0
5 1 0.5 28.8 0.0 1.0 0.8 1.0 1.0 0.0 397.6 219 0 0 0.0 109.3 0.0 0 0.0 25 8625 11255 48 63 0.0 0.0
6 1 0.35 19.8 0.0 1.0 9.5 1.0 1.0 0.0 1108.2 399 165452 165452 73.5 139.6 57908.1 57908 25.7 0 0 0 0 0 73.5 25.7
7 1 0.35 0 0.0 1.0 9.5 1.0 1.0 0.0 1766.2 0 0 165452 73.5 0.0 0.0 57908 25.7 0 0 0 0 0 73.5 25.7
8 1 0.35 19.8 0.0 1.0 10.8 1.0 1.0 0.0 1766.2 636 39953 205405 91.3 222.6 13983.5 71892 32.0 0 0 0 0 0 91.3 32.0
9 1 0.5 31.5 0.0 1.0 13.5 1.0 1.0 0.0 1766.2 1082 149610 355015 157.8 541.2 74805.2 146697 65.2 40 70648 70648 395 395 157.8 65.2

10 1 0.35 22.5 0.0 1.0 26.0 1.0 1.0 0.0 1766.2 732 459668 814683 362.1 256.1 160883.7 307581 136.7 15 26493 26493 148 148 362.1 136.7
*Bearing capacity not included in allowable axial due to organic presence.

Soil Type
Non Displacemnt

Stratification Soil Properties Vertical Soil Pressures at Bottom of Layer

Pile Properties Factor Of Safety Criteria

Drained Analysis (S case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*

Critical Depth Criteria

Adhesion Factor δ 

Undrained Analysis (Q case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
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ATTACHMENT B:  BORING LOGS 













Log of Boring LB-4 Sheet of 

_,No. 
L ••• Whatf Pall< 14003o6o435 

Ell!v3tioo and Ottlum 
Lonn Whatf Drive New Haven CT A=tox. 8.75 11929 NGVD\ 

D.teStaned Date Frished 
Seaboatd Otlino, Inc. 

llrlUngEqi-
IAobie Drill 8-53 Trud<,mounted 

Sze 81':d Typed 8h 4.114• HoOow Stem Auger, 2- t 5rt6• Tri--c:one rolter 
bit s =•" .,..._ r.,, 7 c-oe""' oo

z 4" 00 steel Ca-iinn 22 

0900 hr> 7/2/10 

52ft 

First 

l1 Ca•1ig - Auto I- (lbs) 300 I °"'P (>I) 30 
� San,ifer Jeff Nitsch 
•t-

1-,----,------'2'--"-"00"'-'Se,Sn,elil,_c,.,,,-�-n�, 3";,-,,Oa!!D�S!?he!!!ll>!!J'"LT!.!ube!!!!!_���--11-l'IJ &,g;n.,.. 
J Samp/ef,..mmer 11"'-o )'"'1!1l<(lbo) 140 l""'P[") 30 Dan Bearse 

1'30 his 7l2J10 

NIE 

19 1 1C«• 
8 

• �m.,leD-..tb'I: 
,�. l """Ill 1-_��-"''l""='l""'----I Remark.s . 
=(fl)· Sample Description Ji -,. • • • ' ...,..,. 
.• ' r Sch zt ! � ! J ji1 tao-d) <0'91'13 � �tiotc.�. _., , ... e 10,. '° •0 

Flvld\.oN.�RM1s11�,Ql.c.) 

•• 
\ 

4-inAsph.t1II Pavement / 
a O -f-"-t-d--l-::--l-',

1

-=-=nf-7.,:r.,on=ng:..sr"',a"",.-""'a•1, =-=,..,., ,.,,--t 
(ASPIW. TJ (dry) ,. � : 

! �s;c ,own:::.,:,:mc:::;, __ , ,;!.\ SAN;;f.Di-,"'11"'."' f-�--,.-v-e,..l ,"'t,-
. 
"'sh'"e"111'"s"',1r'".-•"'il,-l __ ....J f--� 1 • · 

� (FILL] (dry) 21 > 
- (I) 
<I, (I) 

5 

:! • 
2 -+-+-;,t�+-• 

5 1 

5 
Brown m-f SA.NO, tr. f..gravel, ft. shells, tr. silt 
[FILL] (dry) • 

3 - 'l' (I) 
(I) (I) e h, 10 

Brawn m-f SAND, Ir. f--gravtil, tr. sill 
(FILL] (weQ 

13 
• I-I- 4 -·+-+-t:!,-+-

� 
� 

i 
r0 

1tt.'. 
I�lt 

No Re00Very 

No Recovecy � 

•t.'1------...,-,--------------l 
Light Brown c-f SANO. sm. -I•. tr .... 
[SPJ(dry) 

Light Brown m4 SANO. tr. silt 
[SP){dry) 

@ �iic-:Qf 
SAND. tr. •ii 

� J ·''·i· -
�
-,=

-
�
-

Or
-g-an_i

_c_a_
.nd_C_

laye
--y-S-

IL-T-.-,-m-.-,.-
.,,,,
-d-s_e_

am
_s_,-1 ,

--l 

! >::: -::: [OHJ(molst) 
«� - -
��---=- 41•-,====..,,,====,..,,=-=====--.:----t 

! !i:ti; rs��::]-,
m-r -•u, - •·••nd ··� tr, 

� 5 -

� 6 

� 7 -

I- 8 

� 9 -

� 10 

i- 11 -

1- 12 

� 13 -

- 14 

- 15 -

- 16 

- 17 -

- 18 

t:. 19 -

20 

:z :z ., • • 11 

• 
• 

.., "' 
(I) (I) 

0 
• 

1 
1 

2 

�12 0 � 
1 

• 
:l:IZ !!! t • 

t 

7 

.. (I) 
<I, (I) 

., • 
5 11 

11 
8 

;x gi ., • 
t 

11 
• 

l�
1 

3 
10 

� � (I) 
!!! 5 

8 
3 

3 

•} 

n 

Hammer Casing to 441: 
Otil with water and clean out 
ho'At04-ft 

Hammer CilSing to &-ft 
Ofil �th water and dean out 
hole to a.n

Hammer Casing to 12-� 
Drill with water and de.an out 
hole to 12-ft 

Hammo, Casing to 14-ft 
Drill with water and dean out 
hole to 14-ft 

Hamme, Casing to 1a.tt 
Drill with water and dean out 
hole to ·18-ft 



























1. 
FORM NO. SM·1 ED. 1/71 . 

T.Panuettc STATE OF CONNECTICUT SHEET 1 OF 4 
BORING FOAEMAl'I DEPARTMENT OF TRANSPORTATION LOCA-rKlN LongWharfOt"r.'• 

BUA:EAU Of HlGHWAYS 

.J. Freitas/J. O'Brien BORING REPORT GuUd 0f11Una Co. 
INSPECTOR TOWN New Havon. Connectlet.1t BORING CONTRACTOA 

R. IL-w4ason PROJECT NAME 1.es New tt.wen H�rbor Program MIIMo-nwnt Parsons Brinckerhoff Quade & Douglas. Inc. 

SOU.S ENGINEER PROJECT NO. 92-505 CONTRACTING ENGINEER 
LOCATION Long Whart llriVe adJacont to Exit 46 off nimp from 1-95 North 
SURFACE ELEV. 11.1 AUGER CASING SAAFI..ER CORE BAR u,"""'""'NO. PB-7 
OA.TEFINISt-ED 3/30/00 lYPE MW 

GROIJIOWATER06S£RVATIONS SIZEI.D. .. 

AT .. , FT. 2• HRS. HAM MeRWT. JOO# 

AT FT. HRS. HAMMER FALL .... 

D SAMPLE BLOWS 

E o.smo PER81HCHES 
p 8LOWS DEPT11S PEN, REC. ON 
T PER NO. <NCH <NCH TYPE -

H FOOT FROM-TO .... �•2 12-18 1&.24 

a.er. z.or I .. 13 D • • • 7 

5 
S.O"· 7.0" 2 .. 15 D • • • I 

10 

10.D'. 12.0' 3 2' 10 D • 2 • • 

15 

1s.o•. n.o· • .. 20 D WOH 1 2 1 

20 

20.0' • 22.0" • 2' • D • z ' ' 

25 
2:$.0'•27.0" • 2• .. 0 . . 1 

30 
30# •32..IT 1 2• .. 0 -WOH WOH WOH 

35 

SS.O'•ff# • .. 22 I> -- ' • 1 

�OM GROUND SURFACE TO !19 FEET USED 4 INCH CASING 1llEN 

, .JOTAGE IN EARTH -�.o FOOTAGE., KULA 0 lYPE u

SAMPLE TYPE COOING. 0-0RY C=CORE �

PROPORT10NS USED: TRACE=O�t0% LITTLE= 10-20% SOME-=31·35,C. 

ss 

u,r 

·-

:,o• 

STRATA 

DEPTH, 

ELEV. 

NIA 

BIT 

ILIC &STATION 
:»'FSET 
N. COORDINATE 
E. COORDINATE 

166 379.9 

552 603.9 

Aa.D IOENTtFICATION OF SOU •• 
REMARl<S QNCL. COi.CA. LOISS OF 

WASH WATER. SEAMS IN ROCK. ETC,) 

Top 3"": Datk brown Stl T. $0fl'le f sand. (TOPSOIL) 
BottGm 10'": Rd-brown f $ANO,� �It. (FILL) 

Top 1.C": R.-d� f SAND. some sllt. 
BOUIOffl t"": Oan:grayORGAHIC SlL'f. 

Red��wn k SAND, nee &ftt, trac. $hells. (FlLL) 

..• 

Datte ... n,,,gray ORGANIC Sit. T. orpnlc odor. 
PP- 0.15- 0.A. 0.5 TSF 

oairttg� fSN«>, llttie-31t., petroa.um odor. 

Dropped rods to 26.5 ft. 
DwttgrNn-11�YORGAMC SLT, tric. 1>9al llbers, 
shels,, Of'IPll'lk odoir. 
PP-0.>5. 0.2� US TSF 

Oal'll gl'Nft,,,Q,ay ORGAHIC SILT, trac::. peat fibe,,s, 
•hell:s.. organic: odor. 
�0..2STSF 

Dlldt� ORGANIC SILT• tnc:. PN1- t'l»en, 
shels, cwg;anlc odcw� 
ppa0..25TSF 

OPEN HOt.E FOR 83 FEET 

NO. OF SAAll'I.ES 25 HOt.ENO. PB-,7 

lJP,,UIOOST\JRBD. PISTON V=V/IINE TEST 
AN0=3S--









I 
- FOAM NO. s-...1 ED. 1n1 

�Mason STATE OF CONNECTICUT SHEET 1 OF 4 

80R1NG FOREMAN DEPARTMENT OF TFtAHSPORTATOf LOCATION Long What Offlle 

BUREAU OF HIGHWAVS 

J. Freitas BORING REPORT Guild lirtUlnn Co. 

INSPECTOR TO-YN New Haven. Connecticut SORING CONTRACTOA 

R.B-'eson PRO.ECT NAME 145 N....,. Ka.,., H-1)04-P,ograra If.vi� hnons &inc:kef'hoft Quade & Douglas. Inc. 

SOLS ENGINEER PROJECT NO. 92-505 CONTRACTlNG etGINE.ER 

LOCATION Long Wh.-f Drive 
SURFACE ELEV. 10.0 AUGER CASING SAMPLER CORE BAR HOI.ENO. PB-8 

DATE ANISHEO .,.,.,. · 1P"E HW ss NIA UNE &. STATION 

�O WATER OBSERVATK'.lNS size 1.0. 4• .. , .. OFFSET 

AT - FT. HRS. HAMMER.WT. - ·- BIT N, COORDttiA.TE 167.179..4 

AT FT. HRS. tw.1MER FALL 2.- ..,.. E. COOROONATE 553.106..3 

0 SAMPLE BLOWS 

e CASINO PER6 INCtES STRATA ABD IOENTIFICATION Of SOIL. 

p 81.0\¥5 ll€PT1<S PEt-l REC. ON CH,.NGe REMARKS (Net.. COi.CA. LOSS OF 

T PER NO. INCH NCH TYPE - OEPTH. WASH WATER. SEAMS IN R()Ct(, ETC.) 

H FOOT mor.c-To o,; 6-12 12-18 1&-2A ElEV. 

0..o"-2.0" 1 24 20 0 2 2 4 1 Tops-: 8,own SILT,� fund, some oroa,nlc mattM-9rass. 
roots. (TOPSOIL) 
Bottom 1S-: Red-brown fSANO and SILT, lt'ace fgA.wl,, dry. 

(FIU.J 

5 4.0' -&.O' 2 24 "' 0 7 • 11 .. Red brown n11-c SAN.O, tn!1Ce t gnvet. trxe sill. wet. (FL� 

t.O 

10 •. .--1ur 3 2A .. 0 2 1 1 1 1.0 Gt'Nn.g� ORGANN: SLT, 1rXe fs-Met� trace s:llells; 
top r bl�k wNh sffght shffft. 

15 14-0'-11,.0' • 24 24 0 1 • WOH WON Blldc:ORGANIC SILT, trace sh .. 111� sllgl'd: org,ank odor, 
.rig.ht �sn odor. 
pp• 0.0, O.O. 0.0 TSF 

20 11.o·-21..v • 24 24 0 WOR W0H WOH WON BtK.k ORGANIC SILT, traot •Wis• slight orgar\k odor, 
pp= 0.0, 0.0 TSF 

22Jt' •24.0"' 1 2A 24 UP PUSH Black ORGAMC SII..T, sllght organic odor, 
pp• cu. O.S. OA TSF 

25 2&.0'•2LO" • 24 24 0 WON 1 t 1 Black ORGANIC StLT, allght or,pnie odor, 
pps-OJl,U.5TSF 

30 -za.o•.3ur T 24 24 0 ' ' t 1 Bladt ORCAH1C SILT, $llght<><g,nlC odor. 
pp= G.M,. t.3, 0.25 TSF 

35 34.0'·-.D" I 24 •• D WON WOH WOH z lllac:ltORGNGCSILT,allQld:o,vanlcodor. 
ptP'O.ZSTSF 

•41# • .. .. 0 WOH WOH 1 1 Black ORGANIC SILT, sllghlorgank:.odor. 

CffCMGROUNO -•v •• 4 . 

• .JOTAGE IN EARnt 1zz.O FOOTAGE IN l«I� 0 TYPE Lftft' HO. OF SAMPl.ES 2511 t-n.ENO. PB-8 

SAMA.E TYPE C()Ojl'IG: O=ORY O=OOR£ - IJl>sl.l,l�ED. PISTON �VANE TEST 

pROPORTl()NS USED: TRACE =O •tO"I. lJTTl.,E = 10 -20'K. SOME•2D•!l!PS. N<O = 35- 501' 
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ATTACHMENT C:  LABORATORY ANALYSES 



CDOT Borings









Langan Engineering Borings
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