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1.0 Introduction 

The Kinnickinnic River flows primarily east through the southeast corner of Wisconsin, discharging 

into Lake Michigan after convergence with the Milwaukee River in Milwaukee, Wisconsin.  The 

project area is the north and south shores of the Kinnickinnic River beginning at the State Highway 

32 Bridge, Kinnickinnic Ave. and extending approximately 1,800 ft. upstream to the Becher Street 

Bridge (Figure 1). 

The Wisconsin Department of Natural Resources (WDNR) has proposed to remove sediments within 
this portion of the Kinnickinnic River and there is a concern for the stability of the seawalls and 
unprotected areas within this portion (Figure 1).  Because the stability of the riverbank within the 
study area may be affected by the sediment removal, the Great Lakes National Project Office 
(GLNPO) and WNDR has requested that the US Army Corps of Engineers (USACE) perform a 
geotechnical investigation and evaluate the existing condition of the seawalls and the unprotected 
riverbanks along this stretch of the river. Barr Engineering (Barr) was contracted by the USACE 
under delivery order W911XK-04-D0005-0002, Amendment 01 dated August 4, 2006, to perform the 
stability analysis summarized in this report. This work was performed in general accordance with the 
Stability Analysis Plan (Barr, 2006) approved by the USACE. 

The objectives of the stability analysis were: 

1. To assist in the evaluation of suitable shoreline protection alternatives for the Kinnickinnic 

River Dredging project. 

2. To evaluate the stability of the seawalls and unprotected slopes under the assumed dredging 

specification as proposed. 

3. To provide a recommendation of the stable cut depth for each property parcel as identified in 

Figure 2. 

The stability analysis was performed on the walls and unprotected shoreline. For the bridge 

abutments, proposed dredging limits were compared against original abutment design elevations. The 

analysis is summarized in Table 1. The geotechnical properties are summarized in Section 2 and were 

derived from the geotechnical investigation and lab testing performed previously (Coleman, 2006).  

The stability analysis evaluated existing and proposed post dredging conditions for each area to help 

determine the acceptable limits of dredging for the final design plan. The proposed dredging channel 
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was selected by WDNR to be 20.5 to 24.5 feet below Lake Michigan Chart Datum (LMCD) (IGLD 

85) for an 80-foot wide channel with side slope transitioning to 11 feet below LMCD (IGLD 85) 

adjacent to the riverbank as shown in Figures 2 through 19 and further described in the Concept 

Design Documentation Report (Barr, 2004).  For cases where the proposed channel did not provide 

an acceptable factor of safety, a modified channel for that cross-section was developed to represent 

stable conditions. Table 1 identifies the cross-sections that will maintain an acceptable factor of 

safety under the proposed dredging conditions. Figures 3 – 19 show the modified dredging cross-

section that provides an acceptable factor of safety for sections that did not maintain an acceptable 

factor of safety under the proposed channel. The modified cross-sections show stable conditions at 

each specific section, it does not consider the whole length of the channel. Based on the stability 

analysis described in this report, the proposed dredging channel selected by the WDNR will not 

provide an acceptable factor of safety for the existing walls, unprotected shoreline and bridge 

abutments. Further evaluation by and discussion with stakeholders is needed to determine a dredging 

channel that meets the needs for this section of the Kinnickinnic River.  
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Table 1:  Proposed Channel Stability Analysis Summary  
 

Section Figure Parcel Wall Type 

Does Proposed 
Channel Have an 

Acceptable 
Factor of Safety? 

1 3 432 Steel Sheet Pile NO 
2 4 429 Steel Sheet Pile NO 
3 5 433 Steel Sheet Pile NO 

4 6 428 Unprotected/ 
Timber Wall?* 

NO 

5 7 427 Unprotected/ 
Timber Wall?* 

NO 

6 8 433 Steel Sheet Pile NO 
7 9 426B Timber Wall NO 
8 10 436 Unprotected NO 
9 11 426A Timber Wall NO 

10 12 437 Concrete Wall NO 
11 13 426 Bridge Abutment NO 
12 14 425 Timber Wall NO 
13 15 439 Unprotected NO 
14 16 440 Steel Sheet Pile NO 
15 17 441 Unprotected NO 
16 18 441 Timber Pile Fence YES** 
17 19 423/443 Bridge Abutment NO 

 
* Analyzed as unprotected shoreline, actual construction is uncertain and has not been verified – 

See Section 3.6 for details.  
**  Applied lateral load ranges from 0.35 to 3.25 kips – See Section 3.4 for details.  
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2.0 Geotechnical Parameters 

The geotechnical parameters for the soils along the Kinnickinnic River were estimated based on field 

and laboratory testing data (Coleman, 2002 and Coleman, 2006). Data from other geotechnical 

investigations were reviewed, but not used in the stability analyses for this report since geotechnical 

data specific to the areas analyzed was collected (Coleman, 2002 and Coleman, 2006). The failure 

modes, generalized stratigraphic units, and geotechnical parameters for each soil type are detailed in 

this section. 

2.1  Failure Modes 
The shear strength of soils is dependent on the manner in which the soils are sheared. When a low-

permeability soil is sheared very quickly, shear-induced porewater pressures tend to develop as the 

soil skeleton changes its configuration from a loose structure to a dense structure or vice-versa. These 

shear-induced porewater pressures can be positive or negative depending on the tendency of the soil 

to contract or dilate upon shearing. This is called the “undrained” condition because the rate of 

shearing is rapid relative to the permeability of the soil and the porewater pressures have no time to 

drain away. Thus, this failure mode corresponds to the short-term or “end-of-construction” stability 

of a slope or wall.  

On the other hand, if a low-permeability soil is sheared very slowly, or if a high-permeability soil is 

sheared either slowly or quickly, no shear-induced porewater pressures are allowed to develop as the 

soil skeleton contracts or dilates. This is called the “drained” condition because no excess, shear-

induced porewater pressures develop. Applied to the long-term stability of a slope or wall, this 

failure mode is typically always applied to high-permeability, or “granular” soils. 

Both of the failure modes mentioned above were analyzed as part of the dredging feasibility study. 

Hereafter, they are termed End-of-Construction (Undrained) and Long-Term (Drained). It was 

especially important to consider the End-of-Construction case in addition to the Long-Term case 

because it is anticipated that the dredging will take place rapidly relative to the low permeability of 

the silt and till layers. These layers are described in greater detail below. 
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2.2  Stratigraphy 
Based on the geotechnical investigation and subsequent laboratory testing, the materials at the site 

were divided into seven stratigraphic units. Descriptions of the individual units are summarized as 

follows: 

2.2.1    Fill 

Sand, silty sand, and silt with sand; various colors; moist to wet; concrete and asphalt chunks in some 

boring locations, topsoil in one boring location, trace roots; considered a “granular” material in 

stability analysis. 

2.2.2    Silt 

Clayey silt, slightly plastic, trace sand, trace gravel; brown to dark brown and greenish brown; moist 

to wet; very soft; trace wood and trace organics at some boring locations; USCS classification was 

ML in the field and MH in the laboratory based on Atterberg limits and grain size analysis; 

considered a “cohesive” material in stability analysis. 

2.2.3    Organic Silt 

Organic silt, slightly to highly plastic, trace sand, trace gravel; greenish brown, gray, and black; wet; 

very soft; trace to with wood, trace to with shells, trace roots at some boring locations; USCS 

classification was OL and OH in the field and ML, MH, and CH in the laboratory based on Atterberg 

limits and grain size analysis; considered a “cohesive” material in stability analysis. 

2.2.4    Peat 

Peat, fibrous, non to slightly plastic, trace sand; medium brown to greenish brown; wet; very soft; 

trace to with wood, trace to with shells, trace to with roots; USCS classification was PT in the field; 

considered a “cohesive” material in stability analysis. 

2.2.5    Sand 

Sand, with silt, fine- to coarse-grained, poorly graded, trace gravel; light brown to grayish brown; 

wet; very loose to loose; USCS classification was SP-SM and SM in the field and SP-SM in the 

laboratory based on grain size analysis; considered a “granular” material in stability analysis. 
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2.2.6    Till 

Clay, none to with silt, slightly plastic, trace sand, trace gravel; light brown to brown; moist to wet; 

stiff to very stiff (soft at boring location S-3); USCS classification was CL in the field and CL in the 

laboratory based on Atterberg limits; considered a “cohesive” material in stability analysis. 

2.2.7    Bedrock 

Limestone; indicated by auger refusal, identified by residue on split spoon; considered an infinitely 

strong layer in stability analysis. 

Figures 3 through 19 in the appendix show the stratigraphy used in modeling at each cross-section.  

2.3  Parameters 
The information collected during the geotechnical field investigation and subsequent laboratory 

testing was interpreted to estimate the unit weights and strength parameters of the various 

stratigraphic units. Table 2 summarizes the unit weight and shear strength parameters used in the 

stability analysis. Table 2 includes shear strength parameters corresponding to both the undrained 

and drained failure modes. 

Table 2 Strength Parameters Used in Stability Analyses 

Shear Strength 

Undrained Drained 

Saturated 
Unit 

Weight 

Moist Unit 
Weight 

USSR Mohr-Coulumb Mohr-Coulumb Material 
γsat [pcf] γmoist [pcf] su/σ'vo φcu [deg.] c [psf] φ' [deg.] c' [psf] 

Fill 130 122 -- 30 0 30 0 

Silt 112 102 0.231 01 2501 30 0 

Organic Silt 103 93 0.231 01 2501 30 0 

Peat 80 50 0.50 -- -- 30 0 

Sand 128 117 -- 28 0 28 0 

Till 135 129 -- 0 7502 33 0 

Bedrock -- -- -- -- -- -- -- 

Notes: 
1- See Section 2.3.2.3 below. 
2- See Section 2.3.2.6 below. 
 
It should be noted that the geotechnical properties of the river sediment, which has been deposited 

since the last time the river was dredged, were assumed to be similar to those of the organic silt layer. 
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This assumption is based on data from previous river sediment borings in this section of the river 

(Coleman, 2002). Laboratory data show that while some coarser grained material was encountered in 

the borings, most of the samples were very similar in grain size, moisture content, and Atterberg 

limits to the organic silt tested in the 2006 investigation. No blow counts were available from the 

previous investigation (Coleman, 2002), but it is assumed that the hydraulically deposited material is 

very soft as is the organic silt found in the 2006 borings from land. 

The unit weights and shear strength parameters shown in Table 2 are detailed in the following 

sections.  

2.3.1 Unit Weight 

Dry unit weight laboratory tests were performed on samples from the silty clay, organic clay and clay 

till layers and specific gravity tests were performed on the sands, silty clay, and clay till. These units 

were selected for more extensive testing related to unit weight because of their impact on stability of 

the dock. In addition, a number of natural water content tests were performed on the fine-grained soil 

units. The results from these tests were used to compute saturated unit weights for the silt clay, 

organic clay, and clay till layers.  

The saturated unit weight for the peat layer was computed based on its natural moisture content 

(saturated) and an assumed specific gravity of 2.50. Saturated unit weights for the fill, silt, and sand 

were assumed based on typical values. 

Moist unit weights were then computed based on assumed water contents that are expected to be 

found in the soils above the water table. 

2.3.2 Strength Parameters 

The strength parameters assigned to the soil units are described in detail below. 

2.3.2.1 Fill 

Blow counts and general material descriptions were used to estimate the Mohr-Coulomb strength 

envelope for this material. The blow counts were in the range of 2 to 60 blows/ft. with an average of 

16 blows/ft. Though the blow counts for this material were generally quite high, the friction angle φ’ 

was conservatively estimated to be 30º. Because this unit is generally granular, the same friction 

angle φ’ was selected for both the drained and undrained failure envelopes. 
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2.3.2.2 Silt 

Very few hand penetrometer tests were performed on this soil in the field because the samples were 

not holding their shape well upon retrieval from the split spoon. Furthermore, no laboratory strength 

testing was performed on this material, but the average blow counts were 5.5 blows/ft, with a range 

of 0 to 32 blows/ft. It was concluded that the silt should have the same strength parameters as the 

organic silt primarily because the blow counts were very similar, although they were slightly higher 

than those for the organic silt. See the following section for a description of the silt strength 

parameters. 

2.3.2.3 Organic Silt 

Because of the significant impact of the organic silt on slope and wall stability at the site, two 3-inch-

diameter thin-wall samples of the organic silt were collected in borings S-4 (26.0-28.3 ft.) and S-5 

(14.0-16.3 ft.). Each of the samples were subjected to a consolidated-undrained (CU) triaxial 

compression test with porewater pressure measurements. This was done so that both the drained and 

undrained failure envelopes could be estimated. The three confining pressures used in each test were 

0.5, 1.0, and 2.0 tsf, which correspond to the range of in-situ stresses at the site. 

As shown in the Coleman Engineering Company report (Coleman, 2006), the undrained failure 

envelopes for the two tests based on the maximum deviator stress failure criterion were φcu=21.3º, 

c=0.49 tsf and φcu=26.6º, c=0.46 tsf. These results were for the samples from borings S-4 and S-5, 

respectively. Given that the blow counts were very low (less than 1 blow/ft.) in the vicinity of the 

thin-wall samples and that the blow counts for the entire unit were low (average N=4.4, ranges from 

0-20), it was determined that the undrained shear strength for the organic silt as estimated from the 

triaxial tests was too high. It was then concluded that the samples must have been disturbed to some 

degree before they were tested. This is due to the following reasons: (1) most of the specimens 

dilated upon shearing, which is very uncharacteristic for a very soft deposit that is assumed to be 

close to normally consolidated, and (2) the volumetric strains that occurred as the sample was 

consolidated to its in-situ state of stress was on the order of 15%. This indicates a disturbed 

specimen. 

Because the undrained failure envelope from the triaxial tests appeared to provide erroneous results, 

the blow counts, hand penetrometer values, unconfined compression tests, and research in the 

literature were used to estimate undrained shear strength. With average blow counts of 4.4 blows/ft., 

and many blow counts “weight of hammer”, the relative consistency was considered to be on the 
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boundary between “very soft” and “soft”. This corresponds to an unconfined compressive strength qu 

of 0.25 tsf, which gives an undrained shear strength su of 250 psf. The few hand penetrometer values 

in the organic silt and the three unconfined compression tests support this undrained shear strength. 

This undrained shear strength value was then normalized in the form of an undrained shear strength 

ratio su/σ’vo, where σ’vo is the in-situ effective vertical stress. Terzaghi et al. (1996) includes tests 

performed on clays by various researchers, which show that for a plasticity index (PI) of about 15% 

(lowest measured PI), the su/σ’vo values would be as follows: 

 su/σ’vo, = 0.32 for the triaxial compression mode 

 su/σ’vo, = 0.23 for the direct simple shear (DSS) mode 

 su/σ’vo, = 0.15 for the triaxial extension mode 

Because all three failure modes would be important in the stability analysis of the unprotected 

riverbank and the triaxial compression and extension modes would be important in the wall sections, 

these values were averaged. Thus, the undrained shear strength ratio used in the analysis was 0.23. 

The software programs used for the analysis accepted undrained shear strength values in different 

ways. The inputs into the software programs are summarized as follows: 

 GeoStudio (SLOPE/W): su/σ’vo, = 0.23 with a minimum su = 250 psf  

 Allpile: su = 250 psf 

 CWALSHT: su/σ’vo, = 0.23 with a minimum su = 0 psf  

 Shoringsuite: su/σ’vo, = 0.23 with a minimum su = 0 psf  

It was concluded that even though the thin-wall samples were considered disturbed, the drained 

failure envelope would be acceptable for use in the analysis. This is because much of the initial soil 

fabric still existed in the samples when they were tested and the results from the triaxial device 

would likely provide a more accurate strength envelope than a direct shear test. The drained failure 

envelopes for the two tests based on the maximum deviator stress failure criterion were φ’=29.7º, 

c’=0.21 tsf and φ’=32.9º, c’=0.24 tsf. These results were for the samples from borings S-4 and S-5, 

respectively. A friction angle φ’ of 30º was used in the analysis with the apparent cohesion c’ 
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conservatively neglected. This value was corroborated by drained tests performed on clays in the 

literature (Terzaghi, et al., pg. 152). Using this method, a soil with a PI of around 30% should exhibit 

a peak friction angle φ’ of about 30º, especially with a low clay-size fraction (CF) on the order of 

10%. The organic silt unit at the site has these characteristics. 

2.3.2.4 Peat 

The blow counts for the peat were very low (between 0 and 1 blow/ft.) and no hand penetrometer 

values were reported. Data in the literature suggest that a reasonable undrained shear strength ratio 

su/σ’vo is on the order of 0.60 (Ajlouni, 2000). To be conservative, an su/σ’vo ratio of 0.5 was selected 

as the strength value to be used in the analysis. Furthermore, a typical drained envelope is φ’=30º, 

c’=0. Even though the blow counts were low, fibrous peat typically exhibits relatively high shear 

strength. 

2.3.2.5 Sand 

Blow counts were also very low in the sand unit. They averaged 4.8 blows/ft. and ranged from 2 to 

10 blows/ft. This indicates that the sand is very loose. Consequently, a drained failure envelope of 

φ’=28º, c’=0 was selected. It is likely that the actual drained failure envelope is higher than this value 

and probably higher than that for the organic silt and silt units, but this value was conservatively 

chosen because the only available data were blow counts. 

The undrained failure envelope was also φ’=28º, c’=0 because the sand is a granular soil unit. 

2.3.2.6 Till 

Due to the prevalence of the till unit and its possible impact on stability, a thin-wall sample was 

recovered at boring S-1 from 27.0 to 29.3 feet. It was also tested using the consolidated-undrained 

(CU) triaxial compression method with porewater pressure measurements. Its confining pressures 

were 0.5, 1.0, and 2.0 tsf, which are in the range of in-situ stresses.  

In contrast to the thin-wall samples of the organic silt, these specimens were considered much higher 

quality, with volumetric strains only in the 1 to 2% range. However, the undrained failure envelope 

was still higher than the indicated hand penetrometer and unconfined compression values. The blow 

counts averaged 12.5 blow/ft., ranging from 7 to 35 blows/ft. These values correspond to “stiff” to 

“very stiff”. Typical hand penetrometer values, however, ranged from 0.5 to 1.5 tsf, which 

correspond to undrained shear strength values of 500 to 1,500 psf. Given that the two unconfined 

compression test values were 0.31 and 0.76 tsf, an undrained shear strength su of 750 psf was 
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selected for use in the analysis. However, the unconfined compression test value of 0.31 tsf was 

encountered in boring S-3. Thus, the undrained shear strength value used in the analysis only at the 

cross-sections near this boring was 310 psf. 

The drained failure envelope used in the analysis was based on the results from the triaxial test. The 

envelope from the test was φ’=24.9º, c’=1.01 tsf based on the maximum deviator stress failure 

criterion. Because the apparent cohesion of a soil should be zero for a long-term (drained) analysis, 

the friction angle was adjusted such that the failure envelope goes through the origin and is tangent to 

the Mohr circles. The resulting envelope used for the long-term condition was φ’=33.0º, c’=0.    

2.3.2.7 Bedrock 

It was assumed in the analysis that the bedrock would play no role in the stability of the slopes and 

walls. Thus, an infinite strength was assigned to the limestone bedrock. 
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3.0 Stability Analysis 

Stability analyses were performed on the walls and unprotected shoreline for 17 representative cross-

sections (Figure 2). For the bridge abutments, the proposed channel limits were compared against 

original abutment design river bottom elevations. The geotechnical properties are summarized in 

Section 2 and were derived from the geotechnical investigation and lab testing performed previously 

(Coleman, 2006).  The stability analysis evaluated existing and proposed post dredging conditions for 

each area to help determine acceptable limits of dredging for the final design plan.  When evaluation 

of the proposed channel section indicated an unacceptable factor of safety, a modified channel for 

that cross-section was developed to represent stable conditions.  

3.1 Timber Walls 
The timber walls were analyzed for global stability. Individual member stresses were not evaluated 

due to the poor condition of the visible portions of the timber walls. The global stability analyses 

indicate that the walls will fail under the proposed channel limits. Modified channel geometries that 

provide for global stability under all load cases are provided in Figures 9, 11, and 14. 

3.1.1   Methods 
The timber wall sections were analyzed using the Shoringsuite computer analysis program.  The soil 

properties input into the program were developed as described in Section 2.0 of this report. 

Shoringsuite is used to design and analyze several different types of earth retaining structures, 

including sheet pile walls and driven/drilled piles with lagging.  The program calculates active and 

passive soil bearing pressures, moments, bracing forces, vertical bearing capacity, required 

embedment length and system factor of safety.  Soil pressures are computed using the Shoringsuite 

Earth Pressure module and transferred to the program’s Shoring module, where the wall properties 

are added and a global factor of safety is obtained.  

Shoring Suite is a software package that contains 4 Modules: Shoring, EarthPres, Surcharge, and 

Heave. These modules are sophisticated design and analysis tools developed by experienced 

engineers and professors. The program has been widely used by engineers, contractors, universities, 

and government agencies nationwide and overseas. The program is flexible, powerful, and has high 

performance qualities.   The calculation is based on Federal Highway Administration (FHWA) 

methods, US Navy DM-7 (NAVFAC) manual, the Steel Sheet Design manual (USS), and Trenching 
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and Shoring Manual - California Department of Transportation. It can be used for complex ground 

conditions, surcharge loads, and many types of shoring walls including: braced cuts, cantilever walls, 

bulkhead walls, sheet pile walls, soldier piles & lagging systems, tangent pile walls, slurry walls, and 

any flexible walls. The program shows diagrams of pressures, shear, moment, and deflection. It 

calculates the moment of the piles and selects the five most suitable piles. The program not only 

presents the major properties of these piles but also calculates the top deflection of each pile. For 

braced systems, the program supports calculation for wale and strut. For tieback systems, the 

program can determine the free length, bound length, and non-load zone of tieback anchors. 

Additional information is available at www.civiltechsoftware.com. 

Record drawings indicate that the timber walls involved in this analysis consist of wakefield timber 

sheet pile sections 28 feet in depth, or 16 to 18 feet below the existing mudline.  The wakefield walls 

are braced by 50-foot long, 12-inch diameter timber piles spaced at 6 foot intervals along the length 

of the wall.  These piles extend to a depth of 32 to 35 feet below the existing mudline.  In addition, 

these exterior piles and the wall are anchored by secondary and tertiary reinforcing piles located on 

the non-channel side of the wall.   Record drawings for the timber walls are provided in Appendix A. 

The wall system was analyzed as a timber soldier pile system with the wakefield sheet piles 

considered as lagging between the soldier piles.  This method was selected because the exterior 

soldier piles extend to a greater depth than the timber sheeting and are the controlling factor for 

global stability of the system.  Therefore, modeling the wall as a sheet pile wall would not be 

accurate. 

The base iteration in the timber wall sections was modeled for the proposed channel geometry 

selected by the WDNR and soil configurations determined from borings conducted in the vicinity of 

the walls.  The goal of the initial iteration was to determine if the proposed section could achieve a 

factor of safety of 1.3 at low water in an undrained (end-of-construction) state, as this condition is 

most likely to result in failure. If this initial iteration failed to achieve the minimum factor of safety, 

the geometry of the channel was modified to determine a channel configuration that met the 

minimum stability requirements.   The final modified configuration was analyzed in both undrained 

and drained states, for both low water and flood conditions. Deep-seated failure analysis of soils 

beneath the timber walls was not performed since the condition of the walls was poor and the walls 

will likely require additional reinforcement/replacement prior to dredging.  

Barr Engineering Co. 
Slope and Wall Stability Analysis Report, Revision 1 January 2008 

 13 

http://www.civiltechsoftware.com/


  

3.1.2   Assumptions 
The following assumptions were made for analysis of the timber walls: 

1. The timber piles are moderately to severely deteriorated and the structural capacity of the 

piles would be reduced as a result.  To account for the poor quality of the piles, the diameter 

of the timber piles was reduced from 12-inches to 6-inches for all analyses. This was chosen 

as a conservative baseline and the section found to be globally stable for revised dredging 

limits; thus, using some other increment such as 9-inch diameter piles is not warranted as 

global stability results will not change from the range analyzed here. 

2. The existing secondary and tertiary reinforcing piles were modeled as a “deadman” anchor, 

with an anchored depth of 2 feet, 6-foot spacing and an angle of 0º. 

3. A 15º wall friction angle was assumed on both sides of the wall. 

The 2’x3’ concrete cap bearing on the wall at Section 12 was modeled as a 5.4 k downward force on 

each pile (assuming 150 pcf concrete weight and a 6 foot long section of cap bearing on each pile). 

The dock at section 7 and the concrete slab at section 9 were modeled as 100’ wide strip loads 

adjacent to the timber walls with a weight of 75 psf.  These loads were applied to the controlling 

scenario (Minimum Passing Geometry Undrained). 

3.1.3   Results 
The analysis results indicate that the proposed channel sections will not be adequate to provide short-

term stability immediately after the dredging process.   In no case was the proposed channel 

geometry able to provide a 1.3 factor of safety in an undrained (end-of-construction) state.  The most 

significant factor affecting the stability of the walls was the depth of the mudline directly adjacent to 

the wall.  During analysis, the desired channel depth at the wall and center of channel was taken into 

account, and a channel geometry was developed to maximize the usable channel area while providing 

a factor of safety that meets the minimum requirements. The modified channel geometries that would 

provide an acceptable factor of safety are provided in Figures 9, 11, and 14. The results of these 

analyses are included in Appendix B, along with analysis of the existing and proposed conditions in 

drained and undrained states, a sample of the soil properties input used in the Earth Pressure module 

and results of the surcharge calculations for sections 7 and 9.  A summary of the global factors of 

safety obtained in the analyses is included in Table 3. 
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Table 3:  Summary of Timber Wall Stability Analyses – Factors of Safety  

Section Geometry Normal Water Flood Water 
  Undrained1 Drained2 Undrained1 Drained2

7 Existing 1.77 2.83 -- -- 
7 Proposed 0.88 1.69 -- -- 
7 Modified 1.30 2.46 1.43 2.63 
9 Existing 1.86 3.08 -- -- 
9 Proposed 0.96 1.89 -- -- 
9 Modified 1.30 2.64 1.51 2.80 
12 Existing 3.04 3.45 -- -- 
12 Proposed 1.14 2.10 -- -- 
12 Modified 1.30 2.44 1.43 2.65 

   Note: 

   1 – Required Factor of Safety = 1.3 

   2 – Required Factor of Safety = 1.5 

It should be noted that the Shoringsuite analysis program computes global stability of the piles and 

walls under varying conditions.  The model considers the piles and walls as of uniform quality and 

does not take into account localized areas of deteriorating wood elements. The results included with 

this report are based on these uniform global factors.  Although analysis of individual members was 

outlined in the Structural Analysis Plan (Barr, 2006), member stresses were not evaluated due to the 

poor condition of visible areas of the timber walls. Upon further assessment, it was determined that 

evaluating the stresses in rotted members is not practical. It is possible that a local failure of one or 

more structural elements or connections due to decay could occur.   

Additional analyses of the timber walls are not warranted as the exposed portion of the timber walls 

is severely deteriorated. It appears that remedial measures during/prior to dredging to stabilize the 

timber wall sections are warranted. 

3.2 Reinforced Concrete Wall 
The reinforced concrete wall on Parcel 437 was evaluated for overturning and sliding stability based 

on the conservative assumption that the wall is a concrete gravity structure and not a cantilevered 

retaining wall or pile supported structure. There is no available information on this wall and the 

assumptions made will require verification prior to completing any dredging. A deep-seated failure 

analysis of soils beneath the wall may also be required dependant upon the wall construction and 

extent.  
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3.2.1   Methods 
Basic statics methods were used in evaluating the global sliding and overturning stability of the 

concrete wall. The horizontal driving forces and overturning moments were calculated based on 

active soil pressures developed from the soil properties described in Section 2.0. The resisting 

moments were calculated using gravity loads and the horizontal resisting forces were calculated 

using passive soil pressure. Foundation friction coefficient was determined based on foundation 

material type interfaced with concrete. 

3.2.2   Assumptions 
The concrete wall was assumed to be a mass concrete gravity structure and not a cantilevered wall 

and foundation. The wall dimensions were assumed based on engineering judgment and experience 

with this type of structure. The concrete soil interface coefficient of friction was assumed to be 0.35 

based on published values for concrete founded on clay/silt. 

3.2.3   Results 
The stability analysis indicates that the concrete wall is unstable for the proposed dredging limits. In 

order to maintain at least a factor of safety of 1.50 for sliding, a 10-foot wide bench at an elevation 

10-feet down from the top of the wall is required. The river bottom could be excavated from the 

bench sloped down to the proposed channel depth. Figure 12 shows the modified dredge limits and 

Appendix C for detailed analysis. 

3.3 Steel Sheet Pile Walls  
The steel sheet pile (SSP) walls were analyzed for global stability and individual member stresses 

were compared to allowable stresses. The individual members evaluated included the SSP, wales, 

and anchor rods. The global stability analyses indicate that the walls will fail under the proposed 

channel limits. A section geometry was developed that results in adequate global stability under all 

load cases and is presented in Figures 3, 4, 5, 8, and 16. The section geometries were developed by 

using CWALSHT in “design” mode and adjusting the 10-foot wide bench elevation until the design 

mode determined a required pile length of less than 30-feet. After a stable section geometry was 

determined in CWALSHT it was analyzed for deep-seated failure. The final modified section 

geometry was determined after evaluating the deep-seated failure of the soils beneath the wall in 

Section 1, Section 2, Section 3, and Section 6. These sections covered a range of conditions for all 

SSP wall sections from worst case (SSP embedded in silt and organic silt – Sections 2 and 6) to best 
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case (SSP embedded in till – Sections 1 and 3). The final modified geometry for these sections is 

presented in Figures 3, 4, 5 and 8.  

3.3.1   Methods 
The steel sheet pile walls were analyzed using the USACE CWALSHT computer program to obtain 

values for global stability, wall moment and anchor loads.  The current program version uses free 

earth and fixed earth methods. Equivalent beam methods are not computed by current version of 

CWALSHT. The soil properties input into the program were developed as described in Section 2.0 of 

this report. The base iteration in the steel wall sections was the proposed channel geometry selected 

by the WDNR.  If this iteration failed to achieve a factor of safety of 1.5 in a drained state, the 

geometry of the channel was modified to determine a channel configuration that would provide a 

sheet pile length of less than 30-feet for undrained conditions. Iterations were completed in 0.5 foot 

bench elevation increments until computed design length was less than actual length in the undrained 

condition. Once the geometry was set with the undrained conditions, the sections were checked in 

design mode for drained conditions with a passive factor of safety equal to 2.0. If the results 

indicated a pile length less than 30-feet, then the section was considered stable for both drained and 

undrained conditions. During the analysis it was determined that the low normal pool undrained case 

was the controlling case versus the high normal pool case.  

The deadmen anchors for Section 2 and Section 6 were evaluated to determine if their location is 

within the passive wedge of the system. For Section 2, there are two rows of deadmen and the front 

wall is outside the passive wedge and is therefore adequate. In addition, the load at these deadmen 

was calculated to be 5 kips per anchor which is minimal compared to two rows of 35-foot deep 

deadman piles. For Section 6, the deadman was found to be within the passive wedge of the system 

and therefore the capacity of the deadman was further evaluated. The analyses found the capacity of 

the deadman exceeded the applied anchor loads with an adequate factor of safety and is therefore 

adequate. Because the deadman at Section 3 is an A-frame pile section of depth equal to sheet pile 

depth, the passive wedge analysis is not warranted. The A-frame deadman was assumed adequate. 

Individual member stresses were determined in accordance with allowable stress design methods of 

the American Institute of Steel Construction and generally in accordance with EM 1110-2-2504 - 

Design of Sheet Pile Walls. The calculated stresses were compared to the allowable stresses for each 

member analyzed. 
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Member connections were not analyzed as information is not available on the connections. 

The deep-seated stability of the soil beneath the sheet pile walls in Section 1, Section 2, Section 3, 

and Section 6 were analyzed using limit equilibrium methods with the software package SLOPE/W. 

No strength parameters were assigned to the sheet pile wall itself because the critical potential failure 

surface was adjusted such that it was located beneath the bottom tip of the wall. This was done by 

increasing the minimum slip surface thickness until the critical potential failure surface was just 

underneath the wall. All structural components were assumed to rotate with the soil in the case of 

failure. The results of this analysis are provided in Appendix E. 

3.3.2   Assumptions  
The following assumptions were made during analysis of the SSP walls: 

1. The steel sheet piles were modeled as MZ27 sections and MP116 section as 

indicated on record drawings.  Plans for the steel walls at Sections 1, 2, 3 and 6 

indicate that this section (or equivalent) was used during construction.  The steel 

wall type for Section 14 is unknown and was also modeled as MZ27.  MZ27 sections 

have a moment of inertia of 184. in4 and MP116 has a moment of inertia of 39.75 in4 

2. Anchored sections were analyzed using both Free Earth and Fixed Earth methods. 

The Fixed Earth method provides more conservative values for factors of safety and 

was used to determine the modified channel section where member stresses 

controlled. The Free Earth method for factors of safety was used to determine 

modified channel section where global stability controlled. 

3. The Level 1 active factor of safety equals the passive factor of safety and was set at 

1.0 for the analysis mode. A passive factor of safety of 1.30 was used for the design 

mode cases for undrained conditions and 2.0 for drained conditions. EM 1110-2-

2504, “Design of Sheet Pile Walls,” recommends a factor of safety of 1.50 for 

extreme conditions. The undrained condition is a post-construction extreme 

temporary condition. Several conservative assumptions were used in the 

analyses and extensive testing of soil materials was completed which 

gives confidence in the soil properties used in the analyses. Therefore, using a factor 

of safety of 1.30 is justifiable (using a factor of safety of 1.50 increases the 

undrained design length in Table 4 by only a few feet, thus still indicating SSP less 

than 30 feet long).  
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4. SSP yield strength was assumed to be 38.5 ksi. 

5. Anchor rod and wale yield strength was assumed to be 36 ksi. 

6. For the sections where CWALSHT could not resolve a factor of safety in analysis 

mode using 30-foot long piles, the lengths determined from the design mode cases 

were input into CWALSHT to develop moments and anchor forces. A range of 

moments and anchor forces were evaluated and a due to the uncertainty in results an 

additional factor of safety of 1.30 was placed on member stresses. 

7. Individual members were assumed to be full dimension with no reduction for 

deterioration and member connections were assumed to provide original design 

connection strength. 

8. WL2/9 was used instead of WL2/10 to account for some corrosion of the wales. 

9. Wall adhesion was not included in analyses. 

10. No surcharge was placed adjacent to the walls. Although some walls may have 

materials which cause surcharges adjacent to them, the exact nature of these loads is 

unknown. We recommend any materials within 30 feet of the walls be moved away 

during the dredging operations. 
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3.3.3   Results 
The analysis determined that no wall section was stable under the proposed channel limits. The 

following table provides a summary of the SSP wall global stability analyses. 

Table 4:  Summary of CWALSHT Analyses for SSP Wall Global Stability 

Wall Length (ft) 

Parcel 
Number 

Section 
No. 

Geophysical 
Study 

Permit 
Drawings 

Drained 
Design 
Passive 

(FS) 

Undrained 
Design 
Passive 

(FS) 

Design 
Length 

Drained(ft)

Design 
Length 

Undrained 
(ft) 

432 1 33 NA 2.0 1.3 29.68 27.41 

429 2 30 34 2.0 1.3 21.45 13.81 

433 3 30** 46 2.0 1.3 25.09 22.67 

433 6 30 25 2.0 1.3 22.14 19.84 

440 14 NA NA 2.0 1.3 29.63 24.85 

 
Notes: 
1. Free earth analysis results presented. 
2. Iterations completed in 0.5 foot bench elevation increments until computed design length was less than actual length in 
undrained condition. 
3. Once geometry set with undrained conditions, the sections were checked for drained conditions with passive FS = 2.0. 
4. Wall adhesion for cohesive layers not included as results were non-conservative and unrealistic. 
5. For example of results with wall adhesion included see CWALSHT output file included in computations Appendix E labeled 
"Example section w/ adhesion included." 
6. Design lengths less than geophysical study documented lengths means wall condition is globally stable. 
 
 
The stress analysis found all member stresses to be below the allowable stresses. This indicates 

members have the required strength to resist the applied loads under the modified dredge conditions 

provided the design assumptions on no deterioration are correct. 

The modified channel limits as determined using CWALSHT are shown in Figures 3, 4, 5, 8, and 16. 

It should be noted that Sections 2 and 6 were modified further from the geometry determined in the 

CWALSHT analysis since the results of the deep-seated failure of soil beneath the walls provided an 

unacceptable factor of safety.   
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3.4 Timber Pile Fence 
This section summarizes the analysis, methods, assumptions, and results for the timber pile fence 

located adjacent to parcel 441. The river bottom and soil profile in the vicinity of the timber pile 

fence is provided in Figure 18. 

The soil profile at the timber pile fence was assumed from soil borings included in the geotechnical 

report (Coleman, 2006). The soil profile generally shows organic silt at the river bottom, underlain 

by sand, and glacial till (clay) to the termination depth. The soil properties are summarized in Table 

2. The pile cross section supporting the timber pile fence was developed based on construction 

documents from the Chicago, Milwaukee, St. Paul & Pacific Railroad, entitled Pier Protection 

Renewal, A-314 196’-3 ¾” Counterbalanced Swing Span over Kinnickinnic River in Milw., Wisc., 

Drawing H-981, May 17, 1962, included as Appendix F. The pile cross section indicates that there 

are three piles per group and each pile group is spaced at 5 feet. The timber pile diameter is 14-

inches.  Each group of piles consists of one vertical 70 foot pile and two battered 65 foot piles. Of the 

shorter piles, one is battered at roughly 6 degrees and the other is battered at 12 degrees. Please refer 

to Figure 18 for the assumed soil and pile cross section. 

3.4.1   Methods 
To determine the correct mode of analysis for the laterally loaded timber piles, the piles must be 

calculated as “short” or “long” (Terzaghi, et al., 1996). The lateral capacity of a “short” pile is 

quantified by the passive resistance of the surrounding soils. The lateral capacity of a “long” pile is 

governed based upon the bending and shear developed in the pile during loading. The relative 

stiffness factor of the pile must be computed to correctly classify the pile. The relative stiffness 

factor is defined as follows 

 4
hk

EIR =        (Terzaghi, et al., page 444) 

where: 

R = relative stiffness factor 

E = elastic modulus = 1600 ksi 

I = moment of inertia = 1867 in4 (pile diameter = 14 in) 
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kh = modulus of subgrade reaction = 1.16 x 10-1 ksi/in (cohesive soil with su 250 psf)  

       (Terzaghi, et al., page 444) 

The modulus of subgrade reaction was estimated assuming a cohesive soil and using the strength 

parameters of the organic silt layer (most conservative). The calculated relative stiffness was 

determined to be 5.93 feet. The ratio of the pile embedment length to the relative stiffness was then 

used to classify the piles. For a ratio of 2 or less, the pile is considered “short”, while a ratio of 3.5 or 

more corresponds to a “long” pile (Terzaghi, et al., 1996). The minimum length occurs in the battered 

piles after the proposed dredging and is computed to approximately 43 feet. The corresponding ratio 

is then 7.25, classifying the piles as “long.” 

Based on the above-mentioned classification, the maximum allowable shear and bending moment 

need to be computed. The ultimate bending moment capacity is defined as follows 

 SFM bbult 'λφ=       (LRFD, page 42) 

where: 

 λ = time effect factor = 1.25     (LRFD, page 129) 

 φb = resistance factor = 0.85     (LRFD, page 3) 

 Fb’ = Fb = reference bending strength =1.6 ksi   (Derucher, et al., page 190) 

 S = section modulus = 269 in3 (pile diameter = 14 in) or 34 in3 (pile diameter = 7 in) 

The reference bending strength is unfactored (Fb’ = Fb), meaning that it is assumed the timbers are in 

good condition and that no strength reduction factor is needed. The calculated ultimate bending 

capacity is 38.2 foot-kips (14-inch pile) and 4.77 foot-kips (7-inch pile). With a live load factor of 

1.6 (LRFD, page 3), the allowable bending capacity (fb) becomes 23.9 foot-kips (14-inch pile) and 

3.0 foot-kips (7-inch pile). 

The ultimate shear capacity is defined as follows 

 ( AFV vvult '3
2 λφ= )       (LRFD, page 43) 
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where: 

 λ = time effect factor = 1.25     (LRFD, page 129) 

 φb = resistance factor = 0.75     (LRFD, page 3) 

 Fv’ = Fv = reference bending strength =0.12 ksi   (Derucher, et al., page 190) 

 A = cross sectional area = 154 in2 (pile diameter = 14 in) or 38 in2 (pile diameter = 7 in) 

The reference shear strength is unfactored (Fv’ = Fv), meaning that it is assumed the timbers are in 

good condition and that no strength reduction factor is needed. However, separate analyses were 

conducted assuming the pile diameters are (1) as built diameter (14-inches), and (2) half of as-built 

diameter (7-inches). The calculated ultimate shear capacity is 11.6 kips (14-inch pile) and 2.9 kips 

(7-inch pile). With a live load factor of 1.6 (LRFD, page 3), the allowable shear capacity (V) 

becomes 7.2 kips (14-inch pile) and 1.8 kips (7-inch pile). 

The program Allpile for Windows, Version 6, was used to analyze the piles. Allpile is manufactured 

and distributed by CivilTech Corporation and was copyrighted in 2005. Allpile can analyze a variety 

of piles and other deep foundation systems, including driving timber piles with vertical and laterally 

loads. Users can define pile properties, pile loading conditions, and soil stratigraphy as inputs to the 

program. The program analyzes the piles and outputs bending moment and shear diagrams along the 

length of the piles. The program also computes deflection along the pile and displays the user-

defined soil profile. 

3.4.2   Assumptions 
To complete the analysis of the timber pile fence, a number of assumptions were made. The soil 

profile was assumed to be the same as that encountered in the nearest soil boring (boring S-4) from 

the above-mentioned geotechnical report (Coleman, 2006). Based on record drawings, the timber 

piles are Douglas Fir. However, the exact strength parameters are not known since no testing of the 

wall materials was performed. Below is a summary of the Douglas Fir properties used in the 

analyses. 

• maximum 1600 psi bending stress in compression and tension (Derucher, et al., page 190) 

• maximum 120 psi shear stress     (Derucher, et al, page 190) 

• modulus of elasticity of 1600 ksi    (LRFD Supplement, page 19) 
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The above values are conservative, but deemed necessary given the age of the timbers. It is assumed 

that the piles are in good condition. Therefore, a strength reduction factor was not incorporated into 

the analysis. However, to account for the potential loss in strength, each case was analyzed with the 

as-built pile diameter and with a diameter of half of the as-built diameter.   

The program used for the analysis, Allpile, allows the user to input either a “free” or “fixed” 

boundary condition at the pile top. The actual timber pile fence has a semi-free boundary condition at 

the pile top due to the connections between the wall and the supporting piles. Since the piles are 

acting as a group, individual pile tops are not completely free to move laterally, but they are also 

only slightly fixed. For the analysis, the piles were conservatively analyzed assuming a “free” 

boundary condition at the pile top. 

Due to the limitations of the program, Allpile, a sloped soil surface and overlying horizontal water 

layer (such as the post-dredged condition) cannot be simulated. In the post-dredged condition, the top 

layer (water) has a horizontal upper surface, while the interface between the water and upper soil 

surface is sloped at an angle as a result of dredging. This scenario cannot be modeled directly due to 

the limitations of the program. To overcome this shortcoming of the program, the water layer was 

modeled as surcharge that simulates the average vertical pressure from the water applied to the soil at 

the river bottom (Appendix G).  

3.4.3   Results 
The individual piles within the 3-pile cross section are unique. Therefore, the piles cannot be 

analyzed as a group. As a result, each pile is analyzed individually and assumes the pile top is free to 

move. Based on the profile shown in Figure 18, the piles were analyzed first for existing condition 

and then for river bottom geometry under proposed dredging limits (both undrained and drained 

conditions). Using the calculated allowable shear and bending moment capacity, the maximum lateral 

load capacity of each pile was determined for each condition. Appendix G shows deflection, shear, 

and bending moment diagrams for the maximum computed lateral load, as well as the soil profile. To 

simulate the variability in water levels, both low-water (NLW Datum 577.5) and high-water flood 

(NHWM 581.5) conditions were analyzed. Additionally, each case was also analyzed assuming the 

as-built pile diameter (piles in good condition, 14-inch diameter) and assuming half the as-built pile 

diameter (piles in poor condition, 7-inch diameter). The tables below summarize the results of the 

analysis. 
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Table 5:  Summary of Timber Pile Fence Analyses - Low Water, 14-inch Piles 

Pile 
Length 

[ft] 

Batter 
[º] 

Condition 

Maximum 
Allowable 

Bending (fb) 
[ft-kip] 

Maximum 
Allowable 
Shear (V)  

[kip] 

Pile Top 
Displacement 

[in] 

Maximum 
Lateral Load 

[kip] 

70 0 Initial 23.3 2.4 4.30 1.25 

70 0 Drained 23.7 3.4 5.73 0.90 

70 0 Undrained 23.6 3.8 5.09 0.90 

65 6 Initial 23.3 2.4 4.33 1.25 

65 6 Drained 23.0 3.2 4.20 1.05 

65 6 Undrained 22.9 3.9 3.81 1.05 

65 12 Initial 23.3 2.4 4.34 1.30 

65 12 Drained 23.5 3.3 3.34 1.30 

65 12 Undrained 23.4 3.9 3.01 1.30 
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Table 6:  Summary of Timber Pile Fence Analyses - Low Water, 7-inch Piles  

Pile 
Length 

[ft] 

Batter 
[º] 

Condition 

Maximum 
Allowable 

Bending (fb) 
[ft-kip] 

Maximum 
Allowable 
Shear (V)  

[kip] 

Pile Top 
Displacement 

[in] 

Maximum 
Lateral Load 

[kip] 

70 0 Initial 2.7 0.5 4.52 0.15 

70 0 Drained 2.6 0.7 7.28 0.10 

70 0 Undrained 2.6 0.9 6.91 0.10 

65 6 Initial 2.7 0.5 4.60 0.15 

65 6 Drained 2.2 0.6 4.31 0.10 

65 6 Undrained 2.2 0.8 4.12 0.10 

65 12 Initial 2.7 0.5 4.60 0.15 

65 12 Drained 2.7 0.7 3.88 0.15 

65 12 Undrained 2.7 0.9 3.69 0.15 
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Table 7:  Summary of Timber Pile Fence Analyses - High Water, 14-inch Piles 

Pile 
Length 

[ft] 

Batter 
[º] 

Condition 

Maximum 
Allowable 

Bending (fb) 
[ft-kip] 

Maximum 
Allowable 
Shear (V)  

[kip] 

Pile Top 
Displacement 

[in] 

Maximum 
Lateral Load 

[kip] 

70 0 Initial 23.2 2.4 4.27 1.25 

70 0 Drained 23.7 3.4 5.73 0.90 

70 0 Undrained 23.6 3.7 5.05 0.90 

65 6 Initial 23.3 2.4 4.30 1.25 

65 6 Drained 23.0 3.2 4.20 1.05 

65 6 Undrained 22.9 3.9 3.72 1.05 

65 12 Initial 23.3 2.4 4.31 1.30 

65 12 Drained 23.4 3.3 3.31 1.30 

65 12 Undrained 23.3 3.8 2.91 1.30 
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Table 8:  Summary of Timber Pile Fence Analyses - Low Water, 14-inch Piles  

Pile 
Length 

[ft] 

Batter 
[º] 

Condition 

Maximum 
Allowable 

Bending (fb) 
[ft-kip] 

Maximum 
Allowable 
Shear (V)  

[kip] 

Pile Top 
Displacement 

[in] 

Maximum 
Lateral Load 

[kip] 

70 0 Initial 2.7 0.5 4.54 0.15 

70 0 Drained 2.6 0.7 7.28 0.10 

70 0 Undrained 2.6 0.9 6.87 0.10 

65 6 Initial 2.7 0.5 4.54 0.15 

65 6 Drained 2.2 0.6 4.31 0.10 

65 6 Undrained 2.2 0.7 4.07 0.10 

65 12 Initial 2.7 0.5 4.58 0.15 

65 12 Drained 2.7 0.7 3.87 0.15 

65 12 Undrained 2.7 0.9 3.62 0.15 

 

Please note that the global stability of the piles is not considered an issue in this analysis. That is, 

upon dredging the piles should not be expected to fail under normal working dead loads (e.g. the 

weight of the piles and Timber Pile Fence). This was shown in Section 3.4.1, where the piles were 

characterized as “long”. A pile that is characterized as “long” is governed based upon bending and 

shear developed in the pile during loading, and not based on the passive resistance of the surrounding 

soils (Terzaghi et al., 1996). The results of the individual piles shown above are combined to 

determine the total lateral capacity of the 3-pile group along the timber pile fence. The table below 

shows the estimated total capacity of each 3-pile group for the different analysis conditions. 
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Table 9:  Summary of Timber Pile Fence Analyses - Maximum Total Lateral Load Capacity 

 

Water Level [ft] 
Pile Diameter 

[in] 
Condition 

Maximum 
Allowable 

Lateral Load 
 

[kip] 
 

577.5 (Low) 14 Initial 3.80 

577.5 (Low) 14 Drained 3.25 

577.5 (Low) 14 Undrained 3.25 

577.5 (Low) 7 Initial 0.45 

577.5 (Low) 7 Drained 0.35 

577.5 (Low) 7 Undrained 0.35 

581.5 (High) 14 Initial 3.80 

581.5 (High) 14 Drained 3.25 

581.5 (High) 14 Undrained 3.25 

581.5 (High) 7 Initial 0.45 

581.5 (High) 7 Drained 0.35 

581.5 (High) 7 Undrained 0.35 

 

The results indicate that the change in water level, which corresponds to a change in vertical stress 

placed on the soils at the river bottom, results in no change in the total lateral capacity of the piles. 

Please note that the analysis was performed in increments of 0.05 kips. With higher resolution, it is 

likely that an increase in water level would generate a slight increase in the total lateral capacity of 

the piles, but would be on the order of less than 0.05 kips. 

Barr Engineering Co. 
Slope and Wall Stability Analysis Report, Revision 1 January 2008 

 29 



  

A significant reduction in total pile capacity is noted when the pile diameter is reduced to half of the 

original diameter. This is largely due to the significant reduction in cross-sectional area of the piles. 

It is recommended that dive inspections be performed on the piles to determine the existing pile 

condition and estimate if a reduction in pile diameter is warranted for the analysis. A more thorough 

investigation of the piles, including destructive and non-destructive testing would be required to 

determine the effective section, bending strength (fb), and shear strength (V).  

The results indicate that the maximum lateral capacity of the 3-pile groups prior to dredging is 

approximately 3.8 kips (14-inch piles) and 0.45 kips (7-inch piles). The lateral resistance of the pile 

group was similar in both the drained and undrained conditions following river bottom dredging. 

These values were approximately 3.25 kips (14-inch pile) and 0.35 kips (7-inch pile) following 

dredging. 

3.5 Bridge Abutments 
The bridge abutments were not analyzed in detail. Instead the proposed channel limits were 

compared to the original abutment design channel bottom elevations. Excavating below the original 

bridge abutment design channel bottom elevation is not recommended and would likely not be 

allowed by the State. The comparison found that the proposed channel dredging is not acceptable at 

either the First Street Bridge abutments or the Kinnickinnic Avenue Bridge abutments.  Drawings 

showing the original abutment design channel bottom elevation are provided in Appendix H. 

3.6 Unprotected Riverbank 
The slope stability analysis used limit equilibrium methods to determine the stability of the slopes 

under existing, proposed, and modified conditions. The modified conditions were intermediate 

configurations that exhibited adequate factors of safety in both the end-of-construction and long-term 

scenarios.  

The five analyzed cross-sections of unprotected riverbank were 4, 5, 8, 13, and 15. See Figure 2 for 

their respective locations along the river. 

3.6.1   Methods 
The slope stability analysis was conducted using SLOPE/W, a computer-modeling program 

developed by GEO-SLOPE International, Ltd. SLOPE/W uses the limit equilibrium theory to 

compute a factor of safety on earth and rock slopes. It is capable of using a variety of methods to 

compute the factor of safety of a slope while analyzing complex geometry, stratigraphy, and loading 
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conditions. The limit equilibrium method is usually carried out by establishing a grid and factors of 

safety are computed for concentric arcs at each point in the grid. When the software is finished 

computing the factors of safety along each arc, the lowest overall factor of safety is reported. The arc 

corresponding to this factor of safety is called the potential failure surface.  

Spencer’s method was used as the search technique to determine the factor of safety of the 

unprotected riverbank in the stability analysis. This method is considered the most adequate because 

it satisfies all conditions of static equilibrium and provides a factor of safety based on both force and 

moment equilibrium. 

The existing conditions were modeled to obtain a factor of safety estimate for End-of-Construction 

and Long-Term conditions. The slopes are currently in their Long-Term condition because no 

unloading has occurred since the last time the river was dredged and the loading of the river sediment 

has taken place over a long period of time. The End-of-Construction case was modeled, along with 

the long-term case, to provide a baseline upon which the other modeling can be compared. If a factor 

of safety is determined to be below 1.0 for the existing case and no evidence of failure is evident in 

the field, there are likely discrepancies between actual field conditions and assumptions for 

geotechnical parameters, groundwater conditions, geometry, or modeling technique. If the factors of 

safety indicate adequate stability, more confidence can be expressed in the model and its inputs. 

As the proposed conditions were modeled and resulting factors of safety were not adequate (i.e. <1.3 

for End-of-Construction and <1.5 for Long-Term), then the proposed channel geometry was changed 

such that these minimum required factors of safety were achieved. The geometry was changed by 

maintaining the center of channel elevation, maintaining 2H:1V side slopes, and changing the toe of 

the side slopes. If the factor of safety was too low, the toe of this slope was moved toward the river 

centerline until the factor of safety reached a minimum acceptable value. To prevent overdesign, the 

same point was moved toward the shore if the factor of safety was too high, again keeping the slope 

fixed at 2H:1V. 

The pool elevation for the cases described above was set at the normal elevation of 577.5 feet. When 

acceptable factors of safety were achieved after modifying the proposed geometry, the pool elevation 

was increased to the flood stage of 581.5 feet to determine its impact on stability. The flood elevation 

was not modeled for the existing or the proposed geometry. Performing the analysis based on the 

normal pool elevation yields lower factors of safety, and therefore is considered the critical load case. 
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3.6.2   Assumptions 
Limited information is available for the groundwater regime at the site. Water levels in the river and 

the depth at which water was encountered in the borings comprise the entirety of the available 

groundwater data. It is possible that upward or downward flow exists in the vicinity of the 

Kinnickinnic River, but piezometric lines were drawn in each cross-section to simulate steady-state, 

hydrostatic porewater pressures. For the normal pool elevation cases, the piezometric line was drawn 

as a straight line from the shoreline to the elevation at which water was encountered in the respective 

boring. From here, the line was drawn horizontally to the upslope (i.e. away from the river) edge of 

the model. In the flood pool cases, the piezometric line was established at the flood pool elevation 

across the entire model. 

The minimum slip surface thickness and location of the grid were changed to obtain the most 

meaningful factors of safety. For example, in the model runs where iterations were being done to find 

an adequate factor of safety, the potential failure surface would occasionally be a thin slice on the 

2H:1V slope. This potential failure surface is genuine, but it only provides information about the face 

of the slope. To ensure that the more meaningful global factor of safety was computed, the minimum 

slip surface thickness was set at 20 feet for most cases, but went as low as 10 feet and as high as 28 

feet.   

Cross-Sections 4 and 5 (Figures 6 and 7) were analyzed as unprotected shorelines since there was no 

definitive information that timber walls existed in those areas. More recent information suggests that 

timber walls may exist, but that the condition of the walls is unknown and likely very poor. A timber 

wall was not observed at Section 4 during field inspections. A recent photograph of Section 5 

identified a deteriorated timber wall; all prior photographs of this section had vegetation over the 

timber wall and therefore it was assumed to be unprotected. As described previously in Section 3.1.3, 

the exposed portions of timber walls (at other known timber wall locations) is severely deteriorated 

and remedial measures during/prior to dredging to stabilize the timber wall sections are warranted. 

Therefore, it is assumed that analysis of Cross-Sections 4 and 5 as an unprotected shoreline is a 

reasonable estimate of stability for these sections since little is known about these walls or their 

condition.   

Cross-Section 5 was modeled as an unprotected slope because the timber wall is assumed to be in 

poor condition at this location. The timber wall at Cross-Section 5 is adjacent to a shallow channel 
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created by the outfall from a concrete storm sewer pipe. The channel geometry was included in the 

model of the unprotected section with the following assumptions: 

• Top of timber wall is at the lowest survey point elevation (nearest the river) in the vicinity of 

the wall. 

• Bottom of timber wall is at Elevation 565.5. This is just for purposes of stratigraphy, the wall 

itself is assumed to add no strength to the slope. In reality, the wall may extend deeper than 

this elevation, but this bottom elevation is perceived to be a conservative assumption. 

• Channel bottom is assumed to be horizontal and 14 feet wide at Elevation 574.5. This 

corresponds to a channel depth of 3 feet from NLW datum. 

• On the channel side away from the timber wall, the underwater slope is 6H:1V and slopes 

upward to then match with the original surveyed river bottom geometry.     

• The minimum slip surface thickness was chosen as 15 feet in the model (only at this cross-

section) such that no failure surface went through the wall, but all of them went underneath 

the wall. 

3.6.3   Results 
Table 10 summarizes the results of the slope stability analysis in terms of the factor of safety. 

Table 10 also includes the suggested factor of safety under each condition analyzed. Figures 6, 7, 10, 

15, and 17 show the existing, proposed, and modified sections of the unprotected sections. 
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Table 10:  Summary of Unprotected Riverbank Analyses – Factors of Safety 

Normal Pool Elevation Flood Pool Elevation 

Section Geometry 

End-of-
Construction 
(Undrained)1

Long-
Term 

(Drained)2

End-of-
Construction 
(Undrained)1

Long-
Term 

(Drained)2

4 Existing 1.67 2.41 -- -- 

4 Proposed 1.18 1.64 -- -- 

4 Modified 1.30 2.40 1.48 2.67 

5 Existing 1.27 1.79 -- -- 

5 Proposed 0.91 1.06 -- -- 

5 Modified 1.30 1.80 1.46 2.06 

8 Existing 1.74 2.94 -- -- 

8 Proposed 0.89 1.05 -- -- 

8 Modified 1.30 1.60 1.47 1.64 

13 Existing 1.74 2.67 -- -- 

13 Proposed 1.08 1.13 -- -- 

13 Modified 1.30 1.89 1.44 2.03 

15 Existing 1.40 1.65 -- -- 

15 Proposed 1.09 1.36 -- -- 

15 Modified 1.30 1.65 1.40 1.67 

  Notes: 
  1- Required Factor of Safety =1.30 
  2- Required Factor of Safety =1.50 
 

Table 10 shows that the existing geometry has acceptable factors of safety. If this were not the case, 

there could be uncertainty in geotechnical parameters, groundwater conditions, geometry, or 

modeling technique. Because it is unlikely that the last three are questionable in this case, more 

confidence can be expressed in the geotechnical parameters such as unit weight and shear strength. 

Table 10 also shows that under normal pool elevation the proposed geometry does not meet the 

required factor of safety. At sections 4, 13, and 15, the End-of-Construction factors of safety are in 

the range of 1.08 to 1.18, indicating that the slopes would not likely fail if constructed to the 

proposed geometry, but their stability would be marginal. The other two sections, on the other hand, 
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have factors of safety below one, which show that the slopes would likely fail during dredging. All of 

the Long-Term factors of safety are above one, but only one of them (Section 4) is adequate.  

The End-of-Construction factors of safety for the modified proposed geometry are all 1.30 using the 

normal pool elevation because these are the cases in which the geometry was adjusted to meet this 

factor of safety. All Long-Term factors of safety are adequate. In addition, factors of safety increased 

by varying amounts when the pool elevation was raised to the flood stage.  

The graphical results of the slope stability analysis, including the outputs with the critical potential 

failure surfaces, can be found in Appendix I. 

3.6.4   Verification of Computer Analyses and Results 
The SLOPE/W limit equilibrium software was verified by independent means as a check on the 

results. The procedure followed the USACE manual EM 1110-2-1902, Section 4-2 using a 

combination of the graphical (force polygon) method and spreadsheet calculations. 

The case selected for the verification was Cross-Section 4 using the proposed geometry with 

undrained conditions. This cross-section was chosen because it had fairly simple geometry, which 

allowed the fewest number of slices (17) to be used in the verification process. Undrained conditions 

were selected because both friction angle and cohesion values were used for different materials in the 

analysis, which provided a check on a case with wide-ranging inputs. The figure called Software 

Verification in Appendix I shows the geometry, soil parameters, and critical potential failure surface. 

For this case, the output data for each slice are shown in the table in Appendix I, and the force 

polygons for each slice are also shown in Appendix I.  

As mentioned above, Spencer’s method satisfies both force and moment equilibrium. Using this 

procedure, the orientation of the interslice forces is iterated until the resulting factors of safety from 

force and moment equilibrium are identical. In this case, lambda was 0.072. The force polygons for 

each slice show that the ratio of shear (vertical) to horizontal interslice forces on each slice is the 

same: 0.072. In addition to the interslice forces, the force polygons also comprise the total slice 

weight, the base normal force, and the mobilized base shear force. The moment acting on the base of 

the each slice is then the distance from the center of rotation to the slice base multiplied by the 

mobilized base shear force. When these moments are summed, they constitute the overall driving 

moment ΣMd. The spreadsheet calculations show that ΣMd= -2703545 lb*ft. 
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The base resisting stress is computed by the available shear strength τ at the slice base. It follows the 

basic equation: 

 )'tan('' ϕστ ⋅+= c   

 where  c’= cohesion 

   σ’= effective normal stress (effective base normal stress) 

   φ’= friction angle 

The base resisting force is then computed by multiplying the base resisting stress by the base length. 

As above, the base resisting force for each slice is then multiplied by the radius and summed to give 

the overall resisting moment ΣMr. The spreadsheet calculations show that ΣMr= -3514800 lb*ft. 

The factor of safety is confirmed by the following equation: 
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4.0 Discussion 

The reported factors of safety for the slopes and walls were generally based on large potential failure 

surfaces in which the ground surface on the river bank will be impacted. The factors of safety for the 

underwater slopes (2H:1V) are likely somewhat lower than the reported factors of safety. Thus, there 

is a possibility that the underwater slopes could slump into the channel during construction or long 

term. This should not, however, have a major impact on global stability of the river banks, assuming 

the post-failure geometry of the slopes is not changed significantly from the initial geometry. 

As previously mentioned, both normal and flood pool elevations were considered in the analysis 

presented above. It should be noted that the factors of safety are generally higher for the case using 

the flood pool elevation. A more critical case, which was not part of this scope, is a rapid, or sudden, 

drawdown. The scenario leading to this condition would comprise a flood event in which water levels 

were elevated for an extended period of time. After steady-state or near steady-state groundwater 

flow was achieved based on these elevated water levels, the river level would drop quickly, leaving 

elevated porewater pressures in the soils and less weight of water at the toe of the slope or wall to 

provide counteracting pressures. It is believed that this is the only way a rapid drawdown condition 

could be created in the Kinnickinnic River through Milwaukee. Due to its close proximity to Lake 

Michigan, there is a limit on how low the river level can drop because of the large body of water 

nearby. 

The critical failure mode for most cross-sections using the proposed geometry was the End-of-

Construction case while many of the cross-sections achieved an acceptable factor of safety for the 

Long-Term condition. However, the End-of-Construction case assumes that the river sediment is 

dredged instantaneously. In reality, the material will be dredged incrementally over a period of time. 

If the construction sequence and schedule were altered such that length of time of the dredging 

operation was extended to allow dissipation of excess porewater pressures, it is possible that 

acceptable factors of safety could be achieved. Adequately determining these intermediate factors of 

safety would likely require further testing and more sophisticated analysis. One of these analysis 

tools could be FLAC or PLAXIS. Both are finite difference/element software packages that can 

model complex constitutive models and construction sequences. Furthermore, they have the ability to 

accurately model structural elements, such as walls and piles. 
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Deep-seated failure analysis of soils beneath the SSP walls showed that the SSP walls embedded in 

the silt and organic silt requires a shallower dredging geometry than the geometry determined in 

CWALSHT. Therefore, the dredging geometry for those walls was altered (less sediment removed) to 

provide an acceptable factor of safety based on the deep-seated failure analysis. The deep-seated 

failure analysis was not performed on the timber walls or the concrete wall, because the condition of 

the timber walls was poor and would likely require reinforcement prior to any dredging and the 

construction of the concrete wall is unknown.  

Overall, the proposed dredging channel selected by the WDNR does not provide an acceptable factor 

of safety for the majority of the shoreline without reinforcement of the shoreline. This report 

provides a modified dredging geometry that would provide an acceptable factor of safety for each 

section analyzed without further reinforcement; it does not provide a continuous modified channel 

geometry for the entire project area. At some locations the proposed depth of water next to the 

shoreline (11 ft bws) was not met, the modified cut went as shallow as the existing top of sediment. 

In addition, the modified dredging geometry would not maintain the proposed 80-ft wide center 

channel, with some sections cutting this width in more than half.  
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Appendix A – Timber Wall Record Drawings 
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Kinnickinnic River - Section 7 Existing Drained

<ShoringSuite>   CIVILTECH SOFTWARE  USA   www.civiltechsoftware.com

1
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0 1 ksf

Licensed to   Geotechnical User     Barr Engineering Company

Date: 10/17/2006             File Name: 

Wall Height=12.0 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=13.42,     Pile Length=25.42

MOMENT IN PILE: Max. Moment=65.91  per Pile Spacing=6.0  at Depth=10.09

 

VERTICAL BEARING CAPACITY: Vertical Loading=0.0,    Resistance=30.7,    Vertical Factor of Safety=999.00

 

SYSTEM FACTOR OF SAFETY (Approximate)=2.83

The request embedment is 13.4, the user input fixed embedment = 38.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 13.4 13.4 0.0 13.3 3.3

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 12.00 0.50

 

PASSIVE SPACING: Z depth Spacing

1 12.00 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 4.5 0.16 0.036

2 4.5 0.16 4.8 0.17 0.029

3 4.8 0.17 5.1 0.17 0.022

4 5.1 0.17 6.3 0.20 0.020

5 6.3 0.20 6.6 0.20 0.018

6 6.6 0.20 7.2 0.21 0.016



7 7.2 0.21 7.5 0.23 0.045

8 7.5 0.23 7.8 0.24 0.048

9 7.8 0.24 12.0 0.33 0.021

10 12.0 0.33 13.2 0.36 0.021

11 13.2 0.36 13.5 0.36 0.006

12 13.5 0.36 13.8 0.35 -0.026

13 13.8 0.35 14.1 0.35 -0.014

14 14.1 0.35 18.9 0.42 0.015

15 18.9 0.42 19.2 0.42 0.013

16 19.2 0.42 25.4 0.93 0.012

17 4.7 0.00 7.0 0.14 0.062

18 7.0 0.14 25.4 0.14 0.000

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 12.00 0.00 17.10 0.29 0.0574

2 17.10 0.29 17.40 0.35 0.1980

3 17.40 0.35 17.70 0.40 0.1574

4 17.70 0.40 18.00 0.44 0.1449

5 18.00 0.44 18.30 0.48 0.1242

6 18.30 0.48 18.60 0.49 0.0334

7 18.60 0.49 18.90 0.54 0.1572

8 18.90 0.54 19.20 0.59 0.1748

9 19.20 0.59 19.80 0.69 0.1649

10 19.80 0.69 20.10 0.74 0.1691

11 20.10 0.74 20.40 0.79 0.1536

12 20.40 0.79 20.70 0.83 0.1647

13 20.70 0.83 21.00 0.89 0.2001

14 21.00 0.89 21.30 0.95 0.1909

15 21.30 0.95 21.60 1.00 0.1759

16 21.60 1.00 21.90 1.07 0.2107

17 21.90 1.07 22.20 1.13 0.1894

18 22.20 1.13 22.50 1.19 0.2028

19 22.50 1.19 22.80 1.25 0.2087

20 22.80 1.25 23.10 1.31 0.1989

21 23.10 1.31 23.40 1.38 0.2331

22 23.40 1.38 23.70 1.44 0.1983

23 23.70 1.44 24.00 1.50 0.2226

24 24.00 1.50 24.30 1.58 0.2405

25 24.30 1.58 24.60 1.64 0.1973

26 24.60 1.64 24.90 1.70 0.2181

27 24.90 1.70 25.20 1.78 0.2581

28 25.20 1.78 25.42 1.85 0.2319

29 1024.42 1.85 1024.42 1.91 0.1978

30 1024.42 1.91 1024.42 1.97 0.2217

31 1024.42 1.97 1024.42 2.20 0.2534

32 1024.42 2.20 1024.42 2.26 0.2026

33 1024.42 2.26 1024.42 2.32 0.1997

34 1024.42 2.32 1024.42 2.40 0.2488

35 1024.42 2.40 1024.42 2.77 0.2500

36 1024.42 2.77 1024.42 2.84 0.2377

37 1024.42 2.84 1024.42 2.91 0.2062

38 1024.42 2.91 1024.42 2.97 0.2173

39 1024.42 2.97 1024.42 3.57 0.2477

40 1024.42 3.57 1024.42 3.64 0.2460

41 1024.42 3.64 1024.42 3.71 0.2275

42 1024.42 3.71 1024.42 3.77 0.2068

43 1024.42 3.77 1024.42 4.86 0.2027

44 1024.42 4.86 1024.42 4.92 0.1881



45 1024.42 4.92 1024.42 4.97 0.1790

46 1024.42 4.97 1024.42 5.03 0.1932

47 1024.42 5.03 1024.42 9.09 0.2021

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in



Kinnickinnic River  - Section 7 Existing Undrained

<ShoringSuite>   CIVILTECH SOFTWARE  USA   www.civiltechsoftware.com
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Licensed to   Geotechnical User     Barr Engineering Company

Date: 10/17/2006             File Name: 

Wall Height=12.0 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=21.48,     Pile Length=33.48

MOMENT IN PILE: Max. Moment=88.51  per Pile Spacing=6.0  at Depth=10.85

 

VERTICAL BEARING CAPACITY: Vertical Loading=0.0,    Resistance=43.4,    Vertical Factor of Safety=999.00

 

SYSTEM FACTOR OF SAFETY (Approximate)=1.77

The request embedment is 21.5, the user input fixed embedment = 38.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 16.5 16.5 0.0 14.0 4.1

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 12.00 0.50

 

PASSIVE SPACING: Z depth Spacing

1 12.00 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 4.5 0.16 0.036

2 4.5 0.16 4.8 0.17 0.029

3 4.8 0.17 5.1 0.17 0.022

4 5.1 0.17 6.0 0.19 0.020

5 6.0 0.19 6.3 0.23 0.109

6 6.3 0.23 6.6 0.31 0.292



7 6.6 0.31 6.9 0.38 0.207

8 6.9 0.38 7.2 0.38 0.027

9 7.2 0.38 7.5 0.31 -0.236

10 7.5 0.31 7.8 0.24 -0.238

11 7.8 0.24 12.0 0.33 0.022

12 12.0 0.33 13.2 0.36 0.021

13 13.2 0.36 13.5 0.41 0.158

14 13.5 0.41 13.8 0.53 0.432

15 13.8 0.53 14.1 0.62 0.300

16 14.1 0.62 14.4 0.63 0.031

17 14.4 0.63 14.7 0.64 0.028

18 14.7 0.64 15.0 0.65 0.024

19 15.0 0.65 15.6 0.67 0.032

20 15.6 0.67 15.9 0.68 0.024

21 15.9 0.68 16.2 0.68 0.027

22 16.2 0.68 16.5 0.69 0.033

23 16.5 0.69 16.8 0.70 0.031

24 16.8 0.70 17.4 0.72 0.025

25 17.4 0.72 17.7 0.73 0.031

26 17.7 0.73 18.0 0.74 0.033

27 18.0 0.74 18.3 0.75 0.028

28 18.3 0.75 18.9 0.76 0.026

29 18.9 0.76 19.2 0.77 0.024

30 19.2 0.77 19.5 0.78 0.028

31 19.5 0.78 19.8 0.78 0.027

32 19.8 0.78 21.0 0.81 0.021

33 21.0 0.81 21.3 0.82 0.024

34 21.3 0.82 21.6 0.82 0.028

35 21.6 0.82 21.9 0.83 0.026

36 21.9 0.83 23.7 0.87 0.022

37 23.7 0.87 24.0 0.88 0.026

38 24.0 0.88 24.3 0.89 0.028

39 24.3 0.89 24.6 0.89 0.024

40 24.6 0.89 27.3 0.95 0.022

41 27.3 0.95 27.9 0.97 0.028

42 27.9 0.97 32.1 1.06 0.022

43 32.1 1.07 32.4 1.07 0.025

44 32.4 1.07 32.7 1.08 0.027

45 32.7 1.08 33.0 1.09 0.024

46 33.0 1.09 33.5 1.24 0.022

47 1032.5 1.24 1032.5 1.26 0.026

48 1032.5 1.26 1032.5 1.57 0.023

49 1032.5 1.57 1032.5 1.58 0.026

50 1032.5 1.58 1032.5 1.70 0.023

51 4.7 0.00 7.0 0.14 0.062

52 7.0 0.14 33.5 0.14 0.000

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 12.00 0.00 17.10 0.11 0.0207

2 17.10 0.11 17.40 0.17 0.2008

3 17.40 0.17 17.70 0.21 0.1352

4 17.70 0.21 18.00 0.23 0.0725

5 18.00 0.23 18.30 0.23 0.0125

6 18.30 0.23 18.60 0.23 -0.0164

7 18.60 0.23 18.90 0.27 0.1345

8 18.90 0.27 19.50 0.31 0.0700

9 19.50 0.31 19.80 0.33 0.0711

10 19.80 0.33 20.10 0.35 0.0734



11 20.10 0.35 20.70 0.40 0.0759

12 20.70 0.40 21.00 0.42 0.0675

13 21.00 0.42 21.30 0.44 0.0729

14 21.30 0.44 21.60 0.47 0.0878

15 21.60 0.47 21.90 0.49 0.0806

16 21.90 0.49 22.20 0.51 0.0749

17 22.20 0.51 22.50 0.54 0.0888

18 22.50 0.54 23.10 0.59 0.0816

19 23.10 0.59 23.40 0.62 0.0896

20 23.40 0.62 23.70 0.64 0.0858

21 23.70 0.64 24.00 0.67 0.0881

22 24.00 0.67 24.30 0.69 0.0908

23 24.30 0.69 24.60 0.72 0.0874

24 24.60 0.72 24.90 0.75 0.0953

25 24.90 0.75 25.20 0.78 0.0883

26 25.20 0.78 25.50 0.80 0.0860

27 25.50 0.80 25.80 0.83 0.1042

28 25.80 0.83 26.10 0.86 0.0865

29 26.10 0.86 26.40 0.89 0.0917

30 26.40 0.89 26.70 0.92 0.1072

31 26.70 0.92 27.00 0.94 0.0865

32 27.00 0.94 27.30 0.97 0.0882

33 27.30 0.97 27.60 1.00 0.1081

34 27.60 1.00 27.90 1.03 0.1005

35 27.90 1.03 28.20 1.06 0.0866

36 28.20 1.06 28.50 1.09 0.0935

37 28.50 1.09 29.10 1.15 0.1068

38 29.10 1.15 29.40 1.18 0.0927

39 29.40 1.18 29.70 1.21 0.0870

40 29.70 1.21 30.00 1.24 0.1006

41 30.00 1.24 30.90 1.33 0.1057

42 30.90 1.33 31.20 1.36 0.0928

43 31.20 1.36 31.50 1.39 0.0880

44 31.50 1.39 31.80 1.42 0.1006

45 31.80 1.42 33.30 1.57 0.1049

46 33.30 1.57 33.48 1.60 0.0983

47 1032.48 1.60 1032.48 1.63 0.0895

48 1032.48 1.63 1032.48 1.66 0.0958

49 1032.48 1.66 1032.48 1.97 0.1044

50 1032.48 1.97 1032.48 2.00 0.0985

51 1032.48 2.00 1032.48 2.03 0.0914

52 1032.48 2.03 1032.48 2.06 0.0971

53 1032.48 2.06 1032.48 2.12 0.1040

54 1032.48 2.12 1032.48 2.15 0.0981

55 1032.48 2.15 1032.48 2.17 0.0799

56 1032.48 2.17 1032.48 2.20 0.0783

57 1032.48 2.20 1032.48 2.71 0.0893

58 1032.48 2.71 1032.48 2.75 0.0805

59 1032.48 2.75 1032.48 4.01 0.0891

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Date: 10/17/2006             File Name: 

Wall Height=18.0 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=18.96,     Pile Length=36.96

MOMENT IN PILE: Max. Moment=189.34  per Pile Spacing=6.0  at Depth=14.25

 

SYSTEM FACTOR OF SAFETY (Approximate)=1.69

The request embedment is 19.0, the user input fixed embedment = 32.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 25.6 25.6 0.0 19.4 6.4

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 18.00 0.50

 

PASSIVE SPACING: Z depth Spacing

1 18.00 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 4.1 0.15 0.037

2 4.1 0.15 4.5 0.17 0.036

3 4.5 0.17 4.9 0.18 0.028

4 4.9 0.18 5.8 0.20 0.021

5 5.8 0.20 6.3 0.20 0.020

6 6.3 0.20 6.8 0.21 0.018

7 6.8 0.21 7.2 0.22 0.022

8 7.2 0.22 7.7 0.24 0.037



9 7.7 0.24 8.1 0.25 0.033

10 8.1 0.25 13.1 0.36 0.021

11 13.1 0.36 13.5 0.36 0.004

12 13.5 0.36 13.9 0.36 -0.012

13 13.9 0.36 14.4 0.36 0.002

14 14.4 0.36 18.0 0.41 0.015

15 18.0 0.41 18.9 0.43 0.015

16 18.9 0.42 37.0 1.36 0.013

17 4.7 0.00 7.0 0.14 0.062

18 7.0 0.14 37.0 0.14 0.000

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 18.00 0.00 35.10 1.74 0.1019

2 35.10 1.74 35.55 1.80 0.1388

3 35.55 1.80 36.00 1.85 0.1074

4 36.00 1.85 36.45 1.92 0.1423

5 36.45 1.92 36.90 1.99 0.1545

6 36.90 1.99 36.96 2.04 0.1181

7 1035.96 2.04 1035.96 2.13 0.1976

8 1035.96 2.13 1035.96 2.18 0.1199

9 1035.96 2.18 1035.96 2.24 0.1375

10 1035.96 2.24 1035.96 2.34 0.2029

11 1035.96 2.34 1035.96 2.39 0.1163

12 1035.96 2.39 1035.96 2.46 0.1649

13 1035.96 2.46 1035.96 2.56 0.2064

14 1035.96 2.56 1035.96 2.61 0.1161

15 1035.96 2.61 1035.96 2.67 0.1496

16 1035.96 2.67 1035.96 2.78 0.2347

17 1035.96 2.78 1035.96 2.85 0.1416

18 1035.96 2.85 1035.96 2.90 0.1144

19 1035.96 2.90 1035.96 2.99 0.2034

20 1035.96 2.99 1035.96 3.09 0.2263

21 1035.96 3.09 1035.96 3.16 0.1473

22 1035.96 3.16 1035.96 3.21 0.1164

23 1035.96 3.21 1035.96 3.29 0.1921

24 1035.96 3.29 1035.96 3.49 0.2196

25 1035.96 3.49 1035.96 3.55 0.1293

26 1035.96 3.55 1035.96 3.60 0.1185

27 1035.96 3.60 1035.96 3.70 0.2062

28 1035.96 3.70 1035.96 3.99 0.2143

29 1035.96 3.99 1035.96 4.04 0.1251

30 1035.96 4.04 1035.96 4.10 0.1222

31 1035.96 4.10 1035.96 4.57 0.2093

32 1035.96 4.57 1035.96 4.65 0.1817

33 1035.96 4.65 1035.96 4.71 0.1285

34 1035.96 4.71 1035.96 4.78 0.1553

35 1035.96 4.78 1035.96 5.52 0.2069

36 1035.96 5.52 1035.96 5.59 0.1523

37 1035.96 5.59 1035.96 5.65 0.1347

38 1035.96 5.65 1035.96 5.74 0.1881

39 1035.96 5.74 1035.96 6.93 0.2045

40 1035.96 6.93 1035.96 7.02 0.1931

41 1035.96 7.02 1035.96 7.09 0.1446

42 1035.96 7.09 1035.96 7.16 0.1552

43 1035.96 7.16 1035.96 9.99 0.2030

44 1035.96 9.99 1035.96 10.06 0.1705

45 1035.96 10.06 1035.96 10.14 0.1580

46 1035.96 10.14 1035.96 10.22 0.1900



47 1035.96 10.22 1035.96 12.13 0.2022

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in



Kinnickinnic River - Section 7 Proposed Geometry Undrained

<ShoringSuite>   CIVILTECH SOFTWARE  USA   www.civiltechsoftware.com

1

Depth(ft)
0

5

10

15

20

25

30

35

40

45

50

55

60

0 1 ksf
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Date: 10/17/2006             File Name: 

Wall Height=18.0 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=32.00,     Pile Length=50.00

MOMENT IN PILE: Max. Moment=324.47  per Pile Spacing=6.0  at Depth=16.08

 

SYSTEM FACTOR OF SAFETY=0.88

The request embedment is 19.0, the user input fixed embedment = 32. The system may be not stable!

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 36.6 36.6 0.0 21.8 9.2

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 18.00 0.50

 

PASSIVE SPACING: Z depth Spacing

1 18.00 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 4.1 0.15 0.037

2 4.1 0.15 4.5 0.17 0.036

3 4.5 0.17 4.9 0.18 0.028

4 4.9 0.18 5.8 0.20 0.021

5 5.8 0.20 6.3 0.25 0.123

6 6.3 0.25 6.8 0.34 0.209

7 6.8 0.34 7.2 0.37 0.049

8 7.2 0.37 7.7 0.30 -0.154



9 7.7 0.30 8.1 0.25 -0.097

10 8.1 0.25 13.1 0.36 0.021

11 13.1 0.36 13.5 0.44 0.176

12 13.5 0.44 13.9 0.57 0.302

13 13.9 0.57 14.4 0.64 0.152

14 14.4 0.64 14.9 0.66 0.028

15 14.9 0.66 15.8 0.68 0.029

16 15.8 0.68 16.2 0.69 0.027

17 16.2 0.69 16.6 0.71 0.030

18 16.6 0.71 17.5 0.73 0.028

19 17.5 0.73 18.0 0.75 0.031

20 18.0 0.75 18.5 0.76 0.029

21 18.5 0.76 18.9 0.77 0.025

22 18.9 0.77 19.8 0.79 0.026

23 19.8 0.79 20.3 0.80 0.023

24 20.3 0.80 21.1 0.82 0.021

25 21.1 0.82 22.0 0.85 0.026

26 22.0 0.85 23.4 0.88 0.022

27 23.4 0.88 23.9 0.89 0.023

28 23.9 0.89 24.8 0.91 0.026

29 24.8 0.91 27.0 0.96 0.022

30 27.0 0.96 27.5 0.97 0.024

31 27.5 0.97 27.9 0.98 0.026

32 27.9 0.98 28.4 0.99 0.024

33 28.4 0.99 32.0 1.07 0.022

34 32.0 1.07 32.4 1.08 0.023

35 32.4 1.08 32.8 1.09 0.026

36 32.8 1.09 33.3 1.11 0.025

37 33.3 1.11 40.0 1.26 0.022

38 40.0 1.26 41.0 1.28 0.025

39 41.0 1.28 50.0 1.58 0.022

40 1049.0 1.58 1049.0 1.60 0.025

41 1049.0 1.60 1049.0 2.39 0.023

42 4.7 0.00 7.0 0.14 0.062

43 7.0 0.14 50.0 0.14 0.000

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 18.00 0.00 29.25 0.44 0.0388

2 29.25 0.44 29.70 0.51 0.1730

3 29.70 0.51 30.15 0.54 0.0489

4 30.15 0.54 30.60 0.52 -0.0328

5 30.60 0.52 31.05 0.59 0.1465

6 31.05 0.59 31.50 0.61 0.0525

7 31.50 0.61 31.95 0.64 0.0651

8 31.95 0.64 32.40 0.67 0.0587

9 32.40 0.67 32.85 0.70 0.0658

10 32.85 0.70 33.30 0.72 0.0574

11 33.30 0.72 34.20 0.78 0.0633

12 34.20 0.78 34.65 0.80 0.0421

13 34.65 0.80 35.10 0.84 0.0876

14 35.10 0.84 35.55 0.86 0.0472

15 35.55 0.86 36.00 0.90 0.0865

16 36.00 0.90 36.45 0.92 0.0506

17 36.45 0.92 36.90 0.95 0.0722

18 36.90 0.95 37.35 0.98 0.0684

19 37.35 0.98 37.80 1.00 0.0481

20 37.80 1.00 38.25 1.05 0.0967

21 38.25 1.05 38.70 1.07 0.0513



22 38.70 1.07 39.15 1.10 0.0634

23 39.15 1.10 39.60 1.14 0.0887

24 39.60 1.14 40.05 1.16 0.0510

25 40.05 1.16 40.95 1.24 0.0795

26 40.95 1.24 41.40 1.26 0.0515

27 41.40 1.26 41.85 1.29 0.0828

28 41.85 1.29 42.30 1.33 0.0852

29 42.30 1.33 42.75 1.36 0.0525

30 42.75 1.36 43.20 1.39 0.0747

31 43.20 1.39 43.65 1.44 0.1017

32 43.65 1.44 44.10 1.46 0.0540

33 44.10 1.46 44.55 1.49 0.0560

34 44.55 1.49 45.00 1.53 0.1021

35 45.00 1.53 45.45 1.57 0.0829

36 45.45 1.57 45.90 1.59 0.0543

37 45.90 1.59 46.35 1.63 0.0723

38 46.35 1.63 46.80 1.67 0.0995

39 46.80 1.67 47.25 1.71 0.0829

40 47.25 1.71 47.70 1.73 0.0554

41 47.70 1.73 48.15 1.76 0.0709

42 48.15 1.76 49.05 1.85 0.0973

43 49.05 1.85 49.50 1.88 0.0611

44 49.50 1.88 49.95 1.91 0.0560

45 49.95 1.91 50.00 1.95 0.0913

46 1049.00 1.95 1049.00 2.03 0.0954

47 1049.00 2.03 1049.00 2.06 0.0648

48 1049.00 2.06 1049.00 2.09 0.0574

49 1049.00 2.09 1049.00 2.13 0.0873

50 1049.00 2.13 1049.00 2.25 0.0939

51 1049.00 2.25 1049.00 2.28 0.0605

52 1049.00 2.28 1049.00 2.31 0.0588

53 1049.00 2.31 1049.00 2.35 0.0916

54 1049.00 2.35 1049.00 2.47 0.0926

55 1049.00 2.47 1049.00 2.51 0.0907

56 1049.00 2.51 1049.00 2.54 0.0609

57 1049.00 2.54 1049.00 2.57 0.0624

58 1049.00 2.57 1049.00 2.82 0.0916

59 1049.00 2.82 1049.00 2.85 0.0727

60 1049.00 2.85 1049.00 2.88 0.0624

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Wall Height=13.0 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=15.06,     Pile Length=28.06

MOMENT IN PILE: Max. Moment=81.70  per Pile Spacing=6.0  at Depth=10.75

 

VERTICAL BEARING CAPACITY: Vertical Loading=0.0,    Resistance=34.1,    Vertical Factor of Safety=999.00

 

SYSTEM FACTOR OF SAFETY (Approximate)=2.46

The request embedment is 15.1, the user input fixed embedment = 37.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 15.4 15.4 0.0 14.3 3.8

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 13.00 0.50

 

PASSIVE SPACING: Z depth Spacing

1 13.00 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 4.2 0.16 0.037

2 4.2 0.16 4.6 0.17 0.036

3 4.6 0.17 4.9 0.18 0.028

4 4.9 0.18 6.2 0.20 0.021

5 6.2 0.20 6.5 0.21 0.019

6 6.5 0.21 6.8 0.21 0.016



7 6.8 0.21 7.2 0.22 0.015

8 7.2 0.22 7.5 0.23 0.041

9 7.5 0.23 7.8 0.25 0.046

10 7.8 0.25 8.1 0.25 0.023

11 8.1 0.25 13.0 0.36 0.021

12 13.0 0.36 13.3 0.37 0.021

13 13.3 0.37 13.6 0.36 -0.015

14 13.6 0.36 14.0 0.35 -0.025

15 14.0 0.35 14.3 0.36 0.008

16 14.3 0.36 18.9 0.42 0.015

17 18.9 0.42 19.2 0.43 0.014

18 19.2 0.43 28.1 1.00 0.012

19 4.7 0.00 7.0 0.14 0.062

20 7.0 0.14 28.1 0.14 0.000

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 13.00 0.00 28.06 1.66 0.0962

2 1027.06 1.66 1027.06 1.69 0.1095

3 1027.06 1.69 1027.06 1.76 0.2065

4 1027.06 1.76 1027.06 1.79 0.0875

5 1027.06 1.79 1027.06 1.80 0.0471

6 1027.06 1.80 1027.06 1.89 0.2664

7 1027.06 1.89 1027.06 1.93 0.1116

8 1027.06 1.93 1027.06 1.94 0.0394

9 1027.06 1.94 1027.06 2.02 0.2371

10 1027.06 2.02 1027.06 2.08 0.1869

11 1027.06 2.08 1027.06 2.09 0.0479

12 1027.06 2.09 1027.06 2.14 0.1459

13 1027.06 2.14 1027.06 2.23 0.2745

14 1027.06 2.23 1027.06 2.26 0.0938

15 1027.06 2.26 1027.06 2.28 0.0488

16 1027.06 2.28 1027.06 2.35 0.2212

17 1027.06 2.35 1027.06 2.43 0.2580

18 1027.06 2.43 1027.06 2.46 0.0924

19 1027.06 2.46 1027.06 2.48 0.0535

20 1027.06 2.48 1027.06 2.55 0.2127

21 1027.06 2.55 1027.06 2.63 0.2450

22 1027.06 2.63 1027.06 2.69 0.1771

23 1027.06 2.69 1027.06 2.70 0.0608

24 1027.06 2.70 1027.06 2.75 0.1236

25 1027.06 2.75 1027.06 2.90 0.2347

26 1027.06 2.90 1027.06 2.96 0.1816

27 1027.06 2.96 1027.06 2.98 0.0658

28 1027.06 2.98 1027.06 3.02 0.1146

29 1027.06 3.02 1027.06 3.24 0.2263

30 1027.06 3.24 1027.06 3.29 0.1548

31 1027.06 3.29 1027.06 3.31 0.0706

32 1027.06 3.31 1027.06 3.36 0.1388

33 1027.06 3.36 1027.06 3.64 0.2196

34 1027.06 3.64 1027.06 3.69 0.1467

35 1027.06 3.69 1027.06 3.71 0.0767

36 1027.06 3.71 1027.06 3.76 0.1470

37 1027.06 3.76 1027.06 4.18 0.2143

38 1027.06 4.18 1027.06 4.21 0.0878

39 1027.06 4.21 1027.06 4.23 0.0830

40 1027.06 4.23 1027.06 4.30 0.2074

41 1027.06 4.30 1027.06 4.85 0.2101

42 1027.06 4.85 1027.06 4.88 0.0971



43 1027.06 4.88 1027.06 4.91 0.0921

44 1027.06 4.91 1027.06 4.97 0.2035

45 1027.06 4.97 1027.06 5.78 0.2069

46 1027.06 5.78 1027.06 5.83 0.1338

47 1027.06 5.83 1027.06 5.86 0.1036

48 1027.06 5.86 1027.06 5.92 0.1755

49 1027.06 5.92 1027.06 7.31 0.2045

50 1027.06 7.31 1027.06 7.36 0.1333

51 1027.06 7.36 1027.06 7.39 0.1179

52 1027.06 7.39 1027.06 7.45 0.1883

53 1027.06 7.45 1027.06 7.92 0.2030

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Licensed to   Geotechnical User     Barr Engineering Company

Date: 10/17/2006             File Name: 

Wall Height=13.0 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=27.83,     Pile Length=40.83

MOMENT IN PILE: Max. Moment=120.37  per Pile Spacing=6.0  at Depth=12.01

 

VERTICAL BEARING CAPACITY: Vertical Loading=0.0,    Resistance=54.1,    Vertical Factor of Safety=999.00

 

SYSTEM FACTOR OF SAFETY (Approximate)=1.33

The request embedment is 27.8, the user input fixed embedment = 37.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 20.0 20.0 0.0 15.3 5.0

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 13.00 0.50

 

PASSIVE SPACING: Z depth Spacing

1 13.00 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 4.2 0.16 0.037

2 4.2 0.16 4.6 0.17 0.036

3 4.6 0.17 4.9 0.18 0.028

4 4.9 0.18 6.2 0.20 0.021

5 6.2 0.20 6.5 0.29 0.277

6 6.5 0.29 6.8 0.38 0.281



7 6.8 0.38 7.2 0.39 0.028

8 7.2 0.39 7.5 0.33 -0.202

9 7.5 0.33 7.8 0.25 -0.224

10 7.8 0.25 8.1 0.26 0.003

11 8.1 0.26 13.0 0.36 0.021

12 13.0 0.36 13.3 0.37 0.021

13 13.3 0.37 13.6 0.48 0.347

14 13.6 0.48 14.0 0.61 0.408

15 14.0 0.61 14.3 0.64 0.090

16 14.3 0.64 14.6 0.65 0.030

17 14.6 0.65 14.9 0.66 0.023

18 14.9 0.66 15.6 0.68 0.031

19 15.6 0.68 15.9 0.69 0.024

20 15.9 0.69 16.3 0.69 0.027

21 16.3 0.69 16.6 0.71 0.032

22 16.6 0.71 16.9 0.71 0.029

23 16.9 0.71 17.2 0.72 0.025

24 17.2 0.72 17.5 0.73 0.026

25 17.5 0.73 18.2 0.75 0.033

26 18.2 0.75 18.9 0.77 0.026

27 18.9 0.77 19.2 0.78 0.024

28 19.2 0.78 19.8 0.80 0.028

29 19.8 0.80 21.1 0.82 0.021

30 21.1 0.82 21.5 0.83 0.026

31 21.5 0.83 21.8 0.84 0.028

32 21.8 0.84 22.1 0.85 0.023

33 22.1 0.85 23.7 0.88 0.022

34 23.7 0.88 24.0 0.89 0.025

35 24.0 0.89 24.4 0.90 0.028

36 24.4 0.90 24.7 0.91 0.024

37 24.7 0.91 27.3 0.96 0.022

38 27.3 0.96 27.6 0.97 0.026

39 27.6 0.97 28.0 0.98 0.027

40 28.0 0.98 28.3 0.99 0.024

41 28.3 0.99 32.2 1.08 0.022

42 32.2 1.08 32.5 1.09 0.024

43 32.5 1.09 32.8 1.09 0.027

44 32.8 1.09 33.2 1.10 0.025

45 33.2 1.10 40.0 1.25 0.022

46 40.0 1.25 40.3 1.26 0.024

47 40.3 1.26 40.6 1.27 0.026

48 40.6 1.27 40.8 1.28 0.025

49 1039.8 1.28 1039.8 1.59 0.022

50 1039.8 1.59 1039.8 1.60 0.025

51 1039.8 1.60 1039.8 1.82 0.023

52 4.7 0.00 7.0 0.14 0.062

53 7.0 0.14 40.8 0.14 0.000

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 13.00 0.00 25.67 0.45 0.0358

2 25.67 0.45 26.00 0.58 0.3943

3 26.00 0.58 26.32 0.60 0.0535

4 26.32 0.60 26.65 0.52 -0.2529

5 26.65 0.52 26.97 0.64 0.3652

6 26.97 0.64 27.30 0.64 0.0187

7 27.30 0.64 27.62 0.59 -0.1704

8 27.62 0.59 27.95 0.68 0.2800

9 27.95 0.68 28.27 0.69 0.0505



10 28.27 0.69 28.60 0.67 -0.0705

11 28.60 0.67 28.92 0.73 0.1772

12 28.92 0.73 29.25 0.75 0.0721

13 29.25 0.75 29.57 0.74 -0.0323

14 29.57 0.74 29.90 0.78 0.1202

15 29.90 0.78 30.22 0.81 0.1027

16 30.22 0.81 30.55 0.81 -0.0114

17 30.55 0.81 30.87 0.83 0.0715

18 30.87 0.83 31.20 0.88 0.1401

19 31.20 0.88 31.52 0.88 0.0022

20 31.52 0.88 31.85 0.89 0.0234

21 31.85 0.89 32.17 0.94 0.1517

22 32.17 0.94 32.50 0.95 0.0439

23 32.50 0.95 32.82 0.95 0.0051

24 32.82 0.95 33.15 0.99 0.1061

25 33.15 0.99 33.47 1.02 0.1145

26 33.47 1.02 33.80 1.03 0.0144

27 33.80 1.03 34.12 1.04 0.0330

28 34.12 1.04 34.45 1.08 0.1280

29 34.45 1.08 34.77 1.11 0.0799

30 34.77 1.11 35.10 1.11 0.0178

31 35.10 1.11 35.42 1.13 0.0620

32 35.42 1.13 35.75 1.17 0.1202

33 35.75 1.17 36.07 1.20 0.0728

34 36.07 1.20 36.40 1.20 0.0216

35 36.40 1.20 36.72 1.22 0.0660

36 36.72 1.22 37.05 1.26 0.1142

37 37.05 1.26 37.37 1.29 0.0889

38 37.37 1.29 37.70 1.30 0.0256

39 37.70 1.30 38.02 1.32 0.0484

40 38.02 1.32 38.67 1.39 0.1093

41 38.67 1.39 39.00 1.40 0.0457

42 39.00 1.40 39.32 1.41 0.0276

43 39.32 1.41 39.65 1.44 0.0892

44 39.65 1.44 40.30 1.51 0.1054

45 40.30 1.51 40.62 1.52 0.0357

46 40.62 1.52 40.83 1.53 0.0303

47 1039.83 1.53 1039.83 1.56 0.0984

48 1039.83 1.56 1039.83 1.63 0.1021

49 1039.83 1.63 1039.83 1.64 0.0567

50 1039.83 1.64 1039.83 1.66 0.0334

51 1039.83 1.66 1039.83 1.68 0.0775

52 1039.83 1.68 1039.83 1.78 0.0995

53 1039.83 1.78 1039.83 1.79 0.0452

54 1039.83 1.79 1039.83 1.80 0.0358

55 1039.83 1.80 1039.83 1.83 0.0891

56 1039.83 1.83 1039.83 1.93 0.0973

57 1039.83 1.93 1039.83 1.95 0.0741

58 1039.83 1.95 1039.83 1.97 0.0389

59 1039.83 1.97 1039.83 1.99 0.0611

60 1039.83 1.99 1039.83 2.11 0.0954

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Licensed to   Geotechnical User     Barr Engineering Company

Date: 10/17/2006             File Name: 

Wall Height=13.0 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=14.08,     Pile Length=27.08

MOMENT IN PILE: Max. Moment=69.45  per Pile Spacing=6.0  at Depth=10.57

 

SYSTEM FACTOR OF SAFETY (Approximate)=2.63

The request embedment is 14.1, the user input fixed embedment = 37.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 15.2 15.2 0.0 14.3 3.8

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 13.00 0.50

 

PASSIVE SPACING: Z depth Spacing

1 13.00 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 0.3 0.01 0.037

2 0.3 0.01 0.6 0.02 0.034

3 0.6 0.02 1.0 0.03 0.026

4 1.0 0.03 6.2 0.14 0.020

5 6.2 0.14 6.5 0.14 0.019

6 6.5 0.14 6.8 0.15 0.016

7 6.8 0.15 7.2 0.15 0.015

8 7.2 0.15 7.5 0.17 0.034



9 7.5 0.17 7.8 0.18 0.038

10 7.8 0.18 8.1 0.18 0.023

11 8.1 0.18 13.0 0.29 0.021

12 13.0 0.29 13.3 0.30 0.021

13 13.3 0.30 13.6 0.29 -0.009

14 13.6 0.29 14.0 0.29 -0.017

15 14.0 0.29 14.3 0.29 0.010

16 14.3 0.29 18.9 0.36 0.015

17 18.9 0.36 19.2 0.36 0.014

18 19.2 0.36 27.1 0.93 0.012

19 0.7 0.00 3.0 0.14 0.062

20 3.0 0.14 27.1 0.14 0.000

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 13.00 0.00 27.08 1.66 0.0962

2 1026.08 1.66 1026.08 1.69 0.1095

3 1026.08 1.69 1026.08 1.76 0.2065

4 1026.08 1.76 1026.08 1.79 0.0875

5 1026.08 1.79 1026.08 1.80 0.0471

6 1026.08 1.80 1026.08 1.89 0.2664

7 1026.08 1.89 1026.08 1.93 0.1116

8 1026.08 1.93 1026.08 1.94 0.0394

9 1026.08 1.94 1026.08 2.02 0.2371

10 1026.08 2.02 1026.08 2.08 0.1869

11 1026.08 2.08 1026.08 2.09 0.0479

12 1026.08 2.09 1026.08 2.14 0.1459

13 1026.08 2.14 1026.08 2.23 0.2745

14 1026.08 2.23 1026.08 2.26 0.0938

15 1026.08 2.26 1026.08 2.28 0.0488

16 1026.08 2.28 1026.08 2.35 0.2212

17 1026.08 2.35 1026.08 2.43 0.2580

18 1026.08 2.43 1026.08 2.46 0.0924

19 1026.08 2.46 1026.08 2.48 0.0535

20 1026.08 2.48 1026.08 2.55 0.2127

21 1026.08 2.55 1026.08 2.63 0.2450

22 1026.08 2.63 1026.08 2.69 0.1771

23 1026.08 2.69 1026.08 2.70 0.0608

24 1026.08 2.70 1026.08 2.75 0.1236

25 1026.08 2.75 1026.08 2.90 0.2347

26 1026.08 2.90 1026.08 2.96 0.1816

27 1026.08 2.96 1026.08 2.98 0.0658

28 1026.08 2.98 1026.08 3.02 0.1146

29 1026.08 3.02 1026.08 3.24 0.2263

30 1026.08 3.24 1026.08 3.29 0.1548

31 1026.08 3.29 1026.08 3.31 0.0706

32 1026.08 3.31 1026.08 3.36 0.1388

33 1026.08 3.36 1026.08 3.64 0.2196

34 1026.08 3.64 1026.08 3.69 0.1467

35 1026.08 3.69 1026.08 3.71 0.0767

36 1026.08 3.71 1026.08 3.76 0.1470

37 1026.08 3.76 1026.08 4.18 0.2143

38 1026.08 4.18 1026.08 4.21 0.0878

39 1026.08 4.21 1026.08 4.23 0.0830

40 1026.08 4.23 1026.08 4.30 0.2074

41 1026.08 4.30 1026.08 4.85 0.2101

42 1026.08 4.85 1026.08 4.88 0.0971

43 1026.08 4.88 1026.08 4.91 0.0921

44 1026.08 4.91 1026.08 4.97 0.2035



45 1026.08 4.97 1026.08 5.78 0.2069

46 1026.08 5.78 1026.08 5.83 0.1338

47 1026.08 5.83 1026.08 5.86 0.1036

48 1026.08 5.86 1026.08 5.92 0.1755

49 1026.08 5.92 1026.08 7.31 0.2045

50 1026.08 7.31 1026.08 7.36 0.1333

51 1026.08 7.36 1026.08 7.39 0.1179

52 1026.08 7.39 1026.08 7.45 0.1883

53 1026.08 7.45 1026.08 7.92 0.2030

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Licensed to   Geotechnical User     Barr Engineering Company

Date: 10/17/2006             File Name: 

Wall Height=13.0 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=25.87,     Pile Length=38.87

MOMENT IN PILE: Max. Moment=100.52  per Pile Spacing=6.0  at Depth=11.82

 

SYSTEM FACTOR OF SAFETY (Approximate)=1.43

The request embedment is 25.9, the user input fixed embedment = 37.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 18.9 18.9 0.0 15.1 4.7

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 13.00 0.50

 

PASSIVE SPACING: Z depth Spacing

1 13.00 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 0.3 0.01 0.037

2 0.3 0.01 0.6 0.02 0.034

3 0.6 0.02 1.0 0.03 0.026

4 1.0 0.03 6.2 0.14 0.020

5 6.2 0.14 6.5 0.20 0.197

6 6.5 0.20 6.8 0.27 0.201

7 6.8 0.27 7.2 0.28 0.028

8 7.2 0.28 7.5 0.23 -0.136



9 7.5 0.23 7.8 0.18 -0.152

10 7.8 0.18 8.1 0.19 0.008

11 8.1 0.19 13.0 0.29 0.022

12 13.0 0.29 13.3 0.30 0.021

13 13.3 0.30 13.6 0.39 0.286

14 13.6 0.39 14.0 0.50 0.336

15 14.0 0.50 14.3 0.52 0.078

16 14.3 0.52 14.6 0.53 0.028

17 14.6 0.53 14.9 0.54 0.027

18 14.9 0.54 15.3 0.55 0.030

19 15.3 0.55 15.6 0.56 0.028

20 15.6 0.56 15.9 0.57 0.026

21 15.9 0.57 16.3 0.58 0.031

22 16.3 0.58 16.6 0.59 0.030

23 16.6 0.59 16.9 0.60 0.025

24 16.9 0.60 17.2 0.61 0.028

25 17.2 0.61 17.5 0.62 0.031

26 17.5 0.62 17.9 0.63 0.029

27 17.9 0.63 18.5 0.64 0.026

28 18.5 0.64 18.9 0.65 0.030

29 18.9 0.65 19.2 0.66 0.029

30 19.2 0.66 19.5 0.67 0.022

31 19.5 0.67 20.1 0.68 0.021

32 20.1 0.68 20.5 0.69 0.023

33 20.5 0.69 20.8 0.70 0.027

34 20.8 0.70 21.1 0.71 0.026

35 21.1 0.71 22.8 0.74 0.022

36 22.8 0.74 23.4 0.76 0.027

37 23.4 0.76 25.7 0.81 0.022

38 25.7 0.81 26.0 0.82 0.024

39 26.0 0.82 26.3 0.83 0.027

40 26.3 0.83 26.6 0.83 0.024

41 26.6 0.83 30.2 0.91 0.022

42 30.2 0.91 30.9 0.93 0.026

43 30.9 0.93 37.0 1.07 0.022

44 37.0 1.07 37.7 1.09 0.026

45 37.7 1.09 38.9 1.35 0.022

46 1037.9 1.35 1037.9 1.36 0.024

47 1037.9 1.36 1037.9 1.71 0.023

48 0.7 0.00 3.0 0.14 0.062

49 3.0 0.14 38.9 0.14 0.000

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 13.00 0.00 25.67 0.45 0.0358

2 25.67 0.45 26.00 0.58 0.3943

3 26.00 0.58 26.33 0.60 0.0535

4 26.33 0.60 26.65 0.52 -0.2529

5 26.65 0.52 26.98 0.64 0.3652

6 26.98 0.64 27.30 0.64 0.0187

7 27.30 0.64 27.63 0.59 -0.1704

8 27.63 0.59 27.95 0.68 0.2800

9 27.95 0.68 28.27 0.69 0.0505

10 28.27 0.69 28.60 0.67 -0.0705

11 28.60 0.67 28.92 0.73 0.1772

12 28.92 0.73 29.25 0.75 0.0721

13 29.25 0.75 29.58 0.74 -0.0323

14 29.58 0.74 29.90 0.78 0.1202

15 29.90 0.78 30.23 0.81 0.1027



16 30.23 0.81 30.55 0.81 -0.0114

17 30.55 0.81 30.88 0.83 0.0715

18 30.88 0.83 31.20 0.88 0.1401

19 31.20 0.88 31.52 0.88 0.0022

20 31.52 0.88 31.85 0.89 0.0234

21 31.85 0.89 32.17 0.94 0.1517

22 32.17 0.94 32.50 0.95 0.0439

23 32.50 0.95 32.83 0.95 0.0051

24 32.83 0.95 33.15 0.99 0.1061

25 33.15 0.99 33.47 1.02 0.1145

26 33.47 1.02 33.80 1.03 0.0144

27 33.80 1.03 34.13 1.04 0.0330

28 34.13 1.04 34.45 1.08 0.1280

29 34.45 1.08 34.78 1.11 0.0799

30 34.78 1.11 35.10 1.11 0.0178

31 35.10 1.11 35.42 1.13 0.0620

32 35.42 1.13 35.75 1.17 0.1202

33 35.75 1.17 36.08 1.20 0.0728

34 36.08 1.20 36.40 1.20 0.0216

35 36.40 1.20 36.72 1.22 0.0660

36 36.72 1.22 37.05 1.26 0.1142

37 37.05 1.26 37.38 1.29 0.0889

38 37.38 1.29 37.70 1.30 0.0256

39 37.70 1.30 38.03 1.32 0.0484

40 38.03 1.32 38.67 1.39 0.1093

41 38.67 1.39 38.87 1.40 0.0457

42 1037.87 1.40 1037.87 1.41 0.0276

43 1037.87 1.41 1037.87 1.44 0.0892

44 1037.87 1.44 1037.87 1.51 0.1054

45 1037.87 1.51 1037.87 1.52 0.0357

46 1037.87 1.52 1037.87 1.53 0.0303

47 1037.87 1.53 1037.87 1.56 0.0984

48 1037.87 1.56 1037.87 1.63 0.1021

49 1037.87 1.63 1037.87 1.64 0.0567

50 1037.87 1.64 1037.87 1.66 0.0334

51 1037.87 1.66 1037.87 1.68 0.0775

52 1037.87 1.68 1037.87 1.78 0.0995

53 1037.87 1.78 1037.87 1.79 0.0452

54 1037.87 1.79 1037.87 1.80 0.0358

55 1037.87 1.80 1037.87 1.83 0.0891

56 1037.87 1.83 1037.87 1.93 0.0973

57 1037.87 1.93 1037.87 1.95 0.0741

58 1037.87 1.95 1037.87 1.97 0.0389

59 1037.87 1.97 1037.87 1.99 0.0611

60 1037.87 1.99 1037.87 2.11 0.0954

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Date: 10/17/2006             File Name: 

Wall Height=10.0 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=13.00,     Pile Length=23.00

MOMENT IN PILE: Max. Moment=42.84  per Pile Spacing=6.0  at Depth=8.73

 

VERTICAL BEARING CAPACITY: Vertical Loading=0.0,    Resistance=28.5,    Vertical Factor of Safety=999.00

 

SYSTEM FACTOR OF SAFETY (Approximate)=3.08

The request embedment is 13.0, the user input fixed embedment = 40.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 10.6 10.6 0.0 11.5 2.7

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 10.00 0.50

 

PASSIVE SPACING: Z depth Spacing

1 10.00 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 4.3 0.17 0.039

2 4.3 0.17 4.5 0.18 0.037

3 4.5 0.18 4.8 0.18 0.029

4 4.8 0.18 6.3 0.22 0.021

5 6.3 0.21 6.5 0.22 0.018

6 6.5 0.22 7.0 0.23 0.015



7 7.0 0.23 7.3 0.23 0.030

8 7.3 0.23 7.5 0.25 0.054

9 7.5 0.25 7.8 0.26 0.042

10 7.8 0.26 10.0 0.31 0.021

11 10.0 0.31 13.3 0.38 0.021

12 13.3 0.38 13.5 0.37 -0.013

13 13.5 0.37 13.8 0.36 -0.038

14 13.8 0.36 14.0 0.36 -0.007

15 14.0 0.36 18.8 0.43 0.015

16 18.8 0.43 19.0 0.44 0.014

17 19.0 0.44 23.0 0.82 0.012

18 4.6 0.00 6.9 0.14 0.062

19 6.9 0.14 23.0 0.14 0.000

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 10.00 0.00 15.75 0.28 0.0478

2 15.75 0.28 16.00 0.33 0.2087

3 16.00 0.33 16.25 0.39 0.2499

4 16.25 0.39 16.50 0.42 0.1242

5 16.50 0.42 16.75 0.45 0.1197

6 16.75 0.45 17.00 0.48 0.1243

7 17.00 0.48 17.25 0.51 0.1309

8 17.25 0.51 17.50 0.55 0.1235

9 17.50 0.55 17.75 0.57 0.1174

10 17.75 0.57 18.00 0.61 0.1399

11 18.00 0.61 18.25 0.65 0.1627

12 18.25 0.65 18.50 0.68 0.1307

13 18.50 0.68 18.75 0.72 0.1372

14 18.75 0.72 19.00 0.76 0.1660

15 19.00 0.76 19.25 0.80 0.1466

16 19.25 0.80 19.75 0.88 0.1598

17 19.75 0.88 20.00 0.91 0.1564

18 20.00 0.91 20.25 0.96 0.1753

19 20.25 0.96 20.50 1.00 0.1553

20 20.50 1.00 20.75 1.04 0.1717

21 20.75 1.04 21.00 1.09 0.1780

22 21.00 1.09 21.25 1.12 0.1533

23 21.25 1.12 21.50 1.17 0.1846

24 21.50 1.17 21.75 1.22 0.1913

25 21.75 1.22 22.00 1.25 0.1539

26 22.00 1.25 22.25 1.30 0.1672

27 22.25 1.30 22.50 1.35 0.2025

28 22.50 1.35 22.75 1.40 0.1970

29 22.75 1.40 23.00 1.44 0.1552

30 23.00 1.44 23.00 1.48 0.1590

31 1022.00 1.48 1022.00 1.63 0.1992

32 1022.00 1.63 1022.00 1.67 0.1790

33 1022.00 1.67 1022.00 1.71 0.1569

34 1022.00 1.71 1022.00 1.75 0.1759

35 1022.00 1.75 1022.00 2.00 0.1968

36 1022.00 2.00 1022.00 2.05 0.1932

37 1022.00 2.05 1022.00 2.09 0.1610

38 1022.00 2.09 1022.00 2.13 0.1638

39 1022.00 2.13 1022.00 2.76 0.1952

40 1022.00 2.76 1022.00 2.85 0.1671

41 1022.00 2.85 1022.00 4.98 0.1941

42 1022.00 4.98 1022.00 5.03 0.1926

43 1022.00 5.03 1022.00 5.07 0.1776



44 1022.00 5.07 1022.00 5.12 0.1790

45 1022.00 5.12 1022.00 5.41 0.1939

46 1022.00 5.41 1022.00 5.46 0.1971

47 1022.00 5.46 1022.00 5.51 0.2011

48 1022.00 5.51 1022.00 6.67 0.2022

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Licensed to   Geotechnical User     Barr Engineering Company

Date: 10/17/2006             File Name: 

Wall Height=10.0 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=21.47,     Pile Length=31.47

MOMENT IN PILE: Max. Moment=59.93  per Pile Spacing=6.0  at Depth=9.38

 

VERTICAL BEARING CAPACITY: Vertical Loading=0.0,    Resistance=41.8,    Vertical Factor of Safety=999.00

 

SYSTEM FACTOR OF SAFETY (Approximate)=1.86

The request embedment is 21.5, the user input fixed embedment = 40.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 13.4 13.4 0.0 12.1 3.3

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 10.00 0.50

 

PASSIVE SPACING: Z depth Spacing

1 10.00 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 4.3 0.17 0.039

2 4.3 0.17 4.5 0.18 0.037

3 4.5 0.18 4.8 0.18 0.029

4 4.8 0.18 6.0 0.21 0.021

5 6.0 0.21 6.3 0.25 0.157

6 6.3 0.25 6.5 0.34 0.368



7 6.5 0.34 6.8 0.40 0.234

8 6.8 0.40 7.0 0.41 0.028

9 7.0 0.41 7.3 0.38 -0.105

10 7.3 0.38 7.5 0.30 -0.309

11 7.5 0.30 7.8 0.26 -0.177

12 7.8 0.26 10.0 0.31 0.022

13 10.0 0.31 13.3 0.38 0.021

14 13.3 0.38 13.5 0.46 0.328

15 13.5 0.46 13.8 0.59 0.533

16 13.8 0.59 14.0 0.65 0.230

17 14.0 0.65 14.3 0.66 0.033

18 14.3 0.66 14.5 0.66 0.030

19 14.5 0.66 14.8 0.67 0.023

20 14.8 0.67 15.0 0.68 0.026

21 15.0 0.68 15.3 0.68 0.034

22 15.3 0.68 15.5 0.69 0.031

23 15.5 0.69 16.0 0.70 0.024

24 16.0 0.70 16.3 0.71 0.030

25 16.3 0.71 16.5 0.72 0.035

26 16.5 0.72 16.8 0.73 0.029

27 16.8 0.73 17.5 0.75 0.025

28 17.5 0.75 18.0 0.76 0.035

29 18.0 0.76 18.8 0.78 0.026

30 18.8 0.78 19.3 0.80 0.024

31 19.3 0.80 19.5 0.80 0.030

32 19.5 0.80 19.8 0.81 0.027

33 19.8 0.81 21.3 0.84 0.021

34 21.3 0.84 21.8 0.86 0.030

35 21.8 0.86 23.8 0.90 0.022

36 23.8 0.90 24.0 0.90 0.024

37 24.0 0.90 24.3 0.91 0.029

38 24.3 0.91 24.5 0.92 0.027

39 24.5 0.92 27.5 0.99 0.022

40 27.5 0.99 28.0 1.00 0.029

41 28.0 1.00 31.5 1.10 0.022

42 1030.5 1.10 1030.5 1.11 0.028

43 1030.5 1.11 1030.5 1.28 0.023

44 1030.5 1.28 1030.5 1.28 0.025

45 1030.5 1.28 1030.5 1.29 0.028

46 1030.5 1.29 1030.5 1.30 0.025

47 1030.5 1.30 1030.5 1.50 0.022

48 4.6 0.00 6.9 0.14 0.062

49 6.9 0.14 31.5 0.14 0.000

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 10.00 0.00 15.75 0.10 0.0172

2 15.75 0.10 16.00 0.14 0.1727

3 16.00 0.14 16.25 0.18 0.1581

4 16.25 0.18 16.50 0.19 0.0484

5 16.50 0.19 16.75 0.22 0.0924

6 16.75 0.22 17.00 0.23 0.0730

7 17.00 0.23 17.25 0.25 0.0479

8 17.25 0.25 17.50 0.26 0.0504

9 17.50 0.26 17.75 0.28 0.0764

10 17.75 0.28 18.00 0.29 0.0641

11 18.00 0.29 18.25 0.31 0.0561

12 18.25 0.31 18.50 0.33 0.0731

13 18.50 0.33 18.75 0.34 0.0646



14 18.75 0.34 19.00 0.36 0.0622

15 19.00 0.36 19.25 0.38 0.0748

16 19.25 0.38 19.50 0.39 0.0655

17 19.50 0.39 19.75 0.41 0.0726

18 19.75 0.41 20.00 0.43 0.0691

19 20.00 0.43 20.25 0.45 0.0714

20 20.25 0.45 20.50 0.47 0.0730

21 20.50 0.47 20.75 0.48 0.0708

22 20.75 0.48 21.00 0.50 0.0771

23 21.00 0.50 21.25 0.52 0.0706

24 21.25 0.52 21.50 0.54 0.0815

25 21.50 0.54 21.75 0.56 0.0708

26 21.75 0.56 22.00 0.58 0.0720

27 22.00 0.58 22.25 0.60 0.0856

28 22.25 0.60 22.50 0.62 0.0705

29 22.50 0.62 22.75 0.63 0.0777

30 22.75 0.63 23.00 0.66 0.0865

31 23.00 0.66 23.25 0.67 0.0707

32 23.25 0.67 23.50 0.69 0.0753

33 23.50 0.69 23.75 0.71 0.0905

34 23.75 0.71 24.00 0.74 0.0774

35 24.00 0.74 24.25 0.75 0.0707

36 24.25 0.75 24.50 0.77 0.0833

37 24.50 0.77 24.75 0.80 0.0893

38 24.75 0.80 25.00 0.82 0.0816

39 25.00 0.82 25.25 0.83 0.0714

40 25.25 0.83 25.50 0.85 0.0787

41 25.50 0.85 26.00 0.90 0.0884

42 26.00 0.90 26.25 0.92 0.0843

43 26.25 0.92 26.50 0.94 0.0722

44 26.50 0.94 26.75 0.96 0.0759

45 26.75 0.96 27.75 1.04 0.0876

46 27.75 1.04 28.00 1.06 0.0786

47 28.00 1.06 28.25 1.08 0.0730

48 28.25 1.08 28.50 1.10 0.0817

49 28.50 1.10 30.00 1.23 0.0871

50 30.00 1.23 30.25 1.25 0.0798

51 30.25 1.25 30.50 1.27 0.0743

52 30.50 1.27 30.75 1.29 0.0813

53 30.75 1.29 31.47 1.53 0.0866

54 1030.47 1.53 1030.47 1.55 0.0778

55 1030.47 1.55 1030.47 1.57 0.0759

56 1030.47 1.57 1030.47 1.59 0.0846

57 1030.47 1.59 1030.47 2.06 0.0863

58 1030.47 2.06 1030.47 2.09 0.0845

59 1030.47 2.09 1030.47 2.10 0.0781

60 1030.47 2.10 1030.47 2.12 0.0799

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Date: 10/17/2006             File Name: 

Wall Height=17.9 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=16.98,     Pile Length=34.88

MOMENT IN PILE: Max. Moment=178.26  per Pile Spacing=6.0  at Depth=13.93

 

VERTICAL BEARING CAPACITY: Vertical Loading=0.0,    Resistance=40.9,    Vertical Factor of Safety=999.00

 

SYSTEM FACTOR OF SAFETY (Approximate)=1.89

The request embedment is 17.0, the user input fixed embedment = 32.1.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 24.7 24.7 0.0 19.2 6.2

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 17.90 0.50

 

PASSIVE SPACING: Z depth Spacing

1 17.90 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 4.0 0.15 0.037

2 4.0 0.15 4.5 0.16 0.035

3 4.5 0.16 4.9 0.18 0.027

4 4.9 0.18 6.3 0.20 0.021

5 6.3 0.20 6.7 0.21 0.017

6 6.7 0.21 7.2 0.22 0.024



7 7.2 0.22 7.6 0.24 0.037

8 7.6 0.24 8.1 0.25 0.031

9 8.1 0.25 13.0 0.36 0.021

10 13.0 0.36 13.4 0.36 0.002

11 13.4 0.36 13.9 0.35 -0.012

12 13.9 0.35 14.3 0.35 0.003

13 14.3 0.35 17.9 0.41 0.015

14 17.9 0.41 18.8 0.42 0.015

15 18.8 0.42 34.9 1.36 0.013

16 4.6 0.00 6.9 0.14 0.062

17 6.9 0.14 34.9 0.14 0.000

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 18.00 0.00 34.88 3.63 0.1267

2 1033.88 3.63 1033.88 3.70 0.1489

3 1033.88 3.70 1033.88 3.79 0.2027

4 1033.88 3.79 1033.88 3.85 0.1496

5 1033.88 3.85 1033.88 3.89 0.0742

6 1033.88 3.89 1033.88 3.96 0.1545

7 1033.88 3.96 1033.88 4.26 0.2260

8 1033.88 4.26 1033.88 4.30 0.0804

9 1033.88 4.30 1033.88 4.33 0.0774

10 1033.88 4.33 1033.88 4.72 0.2196

11 1033.88 4.72 1033.88 4.80 0.1621

12 1033.88 4.80 1033.88 4.83 0.0845

13 1033.88 4.83 1033.88 4.90 0.1394

14 1033.88 4.90 1033.88 5.38 0.2143

15 1033.88 5.38 1033.88 5.45 0.1708

16 1033.88 5.45 1033.88 5.49 0.0913

17 1033.88 5.49 1033.88 5.55 0.1327

18 1033.88 5.55 1033.88 6.30 0.2101

19 1033.88 6.30 1033.88 6.35 0.1056

20 1033.88 6.35 1033.88 6.39 0.0984

21 1033.88 6.39 1033.88 6.49 0.2013

22 1033.88 6.49 1033.88 7.50 0.2069

23 1033.88 7.50 1033.88 7.57 0.1563

24 1033.88 7.57 1033.88 7.62 0.1093

25 1033.88 7.62 1033.88 7.69 0.1588

26 1033.88 7.69 1033.88 9.52 0.2045

27 1033.88 9.52 1033.88 9.58 0.1282

28 1033.88 9.58 1033.88 9.64 0.1224

29 1033.88 9.64 1033.88 9.73 0.1980

30 1033.88 9.73 1033.88 11.81 0.2030

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Licensed to   Geotechnical User     Barr Engineering Company

Date: 10/17/2006             File Name: 

Wall Height=17.9 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=32.10,     Pile Length=50.00

MOMENT IN PILE: Max. Moment=312.00  per Pile Spacing=6.0  at Depth=15.90

 

SYSTEM FACTOR OF SAFETY=0.96

The request embedment is 17.0, the user input fixed embedment = 32.1. The system may be not stable!

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 35.8 35.8 0.0 21.5 8.9

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 17.90 0.50

 

PASSIVE SPACING: Z depth Spacing

1 17.90 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 4.0 0.15 0.037

2 4.0 0.15 4.5 0.16 0.035

3 4.5 0.16 4.9 0.18 0.027

4 4.9 0.18 5.8 0.19 0.021

5 5.8 0.19 6.3 0.26 0.148

6 6.3 0.26 6.7 0.35 0.207

7 6.7 0.35 7.2 0.35 0.000

8 7.2 0.35 7.6 0.28 -0.152



9 7.6 0.28 8.1 0.25 -0.073

10 8.1 0.25 13.0 0.36 0.021

11 13.0 0.36 13.4 0.44 0.190

12 13.4 0.44 13.9 0.58 0.301

13 13.9 0.58 14.3 0.64 0.137

14 14.3 0.64 14.8 0.65 0.028

15 14.8 0.65 15.7 0.68 0.029

16 15.7 0.68 16.1 0.69 0.027

17 16.1 0.69 16.6 0.70 0.030

18 16.6 0.70 17.5 0.73 0.027

19 17.5 0.73 17.9 0.74 0.031

20 17.9 0.74 18.3 0.75 0.028

21 18.3 0.75 18.8 0.76 0.025

22 18.8 0.76 19.7 0.79 0.027

23 19.7 0.79 21.0 0.82 0.022

24 21.0 0.82 21.9 0.84 0.026

25 21.9 0.84 23.3 0.87 0.022

26 23.3 0.87 23.7 0.88 0.023

27 23.7 0.88 24.2 0.89 0.026

28 24.2 0.89 24.6 0.90 0.024

29 24.6 0.90 26.9 0.95 0.022

30 26.9 0.95 27.3 0.96 0.024

31 27.3 0.96 27.7 0.97 0.026

32 27.7 0.97 28.2 0.98 0.024

33 28.2 0.98 31.8 1.06 0.022

34 31.8 1.06 32.2 1.07 0.024

35 32.2 1.07 32.7 1.09 0.026

36 32.7 1.09 33.1 1.10 0.024

37 33.1 1.10 39.8 1.25 0.022

38 39.8 1.25 40.7 1.27 0.025

39 40.7 1.27 50.0 1.57 0.022

40 1049.0 1.57 1049.0 1.59 0.025

41 1049.0 1.59 1049.0 2.37 0.023

42 4.6 0.00 6.9 0.14 0.062

43 6.9 0.14 50.0 0.14 0.000

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 18.00 0.00 37.24 1.07 0.0557

2 37.24 1.07 37.69 1.10 0.0613

3 37.69 1.10 38.14 1.12 0.0560

4 38.14 1.12 38.58 1.15 0.0503

5 38.58 1.15 39.03 1.18 0.0667

6 39.03 1.18 39.48 1.22 0.0899

7 39.48 1.22 39.93 1.24 0.0466

8 39.93 1.24 40.38 1.25 0.0351

9 40.38 1.25 40.82 1.30 0.1073

10 40.82 1.30 41.27 1.33 0.0732

11 41.27 1.33 41.72 1.34 0.0198

12 41.72 1.34 42.17 1.38 0.0777

13 42.17 1.38 42.61 1.43 0.1266

14 42.61 1.43 43.06 1.45 0.0256

15 43.06 1.45 43.51 1.46 0.0222

16 43.51 1.46 43.96 1.51 0.1199

17 43.96 1.51 44.40 1.55 0.0963

18 44.40 1.55 44.85 1.57 0.0275

19 44.85 1.57 45.30 1.59 0.0485

20 45.30 1.59 45.74 1.64 0.1142

21 45.74 1.64 46.19 1.68 0.0902



22 46.19 1.68 46.64 1.69 0.0303

23 46.64 1.69 47.09 1.72 0.0518

24 47.09 1.72 47.53 1.76 0.1093

25 47.53 1.76 47.98 1.81 0.1063

26 47.98 1.81 48.43 1.83 0.0334

27 48.43 1.83 48.88 1.84 0.0345

28 48.88 1.84 49.77 1.94 0.1054

29 49.77 1.94 50.00 1.97 0.0737

30 1049.00 1.97 1049.00 1.99 0.0350

31 1049.00 1.99 1049.00 2.01 0.0650

32 1049.00 2.01 1049.00 2.11 0.1021

33 1049.00 2.11 1049.00 2.14 0.0722

34 1049.00 2.14 1049.00 2.15 0.0374

35 1049.00 2.15 1049.00 2.18 0.0659

36 1049.00 2.18 1049.00 2.32 0.0995

37 1049.00 2.32 1049.00 2.34 0.0413

38 1049.00 2.34 1049.00 2.35 0.0391

39 1049.00 2.35 1049.00 2.40 0.0961

40 1049.00 2.40 1049.00 2.53 0.0973

41 1049.00 2.53 1049.00 2.55 0.0498

42 1049.00 2.55 1049.00 2.57 0.0416

43 1049.00 2.57 1049.00 2.61 0.0881

44 1049.00 2.61 1049.00 2.78 0.0954

45 1049.00 2.78 1049.00 2.80 0.0473

46 1049.00 2.80 1049.00 2.82 0.0439

47 1049.00 2.82 1049.00 2.86 0.0913

48 1049.00 2.86 1049.00 3.07 0.0939

49 1049.00 3.07 1049.00 3.09 0.0482

50 1049.00 3.09 1049.00 3.11 0.0464

51 1049.00 3.11 1049.00 3.15 0.0915

52 1049.00 3.15 1049.00 3.40 0.0926

53 1049.00 3.40 1049.00 3.43 0.0684

54 1049.00 3.43 1049.00 3.45 0.0493

55 1049.00 3.45 1049.00 3.49 0.0730

56 1049.00 3.49 1049.00 3.82 0.0916

57 1049.00 3.82 1049.00 3.85 0.0874

58 1049.00 3.85 1049.00 3.88 0.0523

59 1049.00 3.88 1049.00 3.90 0.0560

60 1049.00 3.90 1049.00 4.39 0.0908

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Licensed to   Geotechnical User     Barr Engineering Company

Date: 10/17/2006             File Name: 

Wall Height=11.0 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=14.75,     Pile Length=25.75

MOMENT IN PILE: Max. Moment=55.01  per Pile Spacing=6.0  at Depth=9.48

 

VERTICAL BEARING CAPACITY: Vertical Loading=0.0,    Resistance=32.0,    Vertical Factor of Safety=999.00

 

SYSTEM FACTOR OF SAFETY (Approximate)=2.64

The request embedment is 14.8, the user input fixed embedment = 39.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 12.1 12.1 0.0 12.4 3.0

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 11.00 0.50

 

PASSIVE SPACING: Z depth Spacing

1 11.00 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 4.4 0.16 0.037

2 4.4 0.16 4.7 0.17 0.030

3 4.7 0.17 4.9 0.18 0.023

4 4.9 0.18 6.3 0.20 0.020

5 6.3 0.20 6.6 0.21 0.017

6 6.6 0.21 6.9 0.21 0.015



7 6.9 0.21 7.2 0.22 0.018

8 7.2 0.22 7.7 0.24 0.048

9 7.7 0.24 11.0 0.31 0.021

10 11.0 0.31 13.2 0.36 0.021

11 13.2 0.36 13.5 0.36 -0.006

12 13.5 0.36 13.8 0.35 -0.031

13 13.8 0.35 14.0 0.35 -0.007

14 14.0 0.35 18.7 0.42 0.015

15 18.7 0.42 19.0 0.42 0.014

16 19.0 0.42 25.8 0.88 0.013

17 4.6 0.00 6.9 0.14 0.062

18 6.9 0.14 25.8 0.14 0.000

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 11.00 0.00 16.22 0.27 0.0522

2 16.22 0.27 16.50 0.29 0.0700

3 16.50 0.29 16.77 0.32 0.1055

4 16.77 0.32 17.60 0.42 0.1233

5 17.60 0.42 17.87 0.45 0.1107

6 17.87 0.45 18.15 0.48 0.1006

7 18.15 0.48 18.42 0.51 0.0970

8 18.42 0.51 18.70 0.54 0.0995

9 18.70 0.54 18.97 0.56 0.1026

10 18.97 0.56 19.25 0.59 0.0992

11 19.25 0.59 19.52 0.62 0.1085

12 19.52 0.62 19.80 0.65 0.1002

13 19.80 0.65 20.07 0.68 0.0988

14 20.07 0.68 20.35 0.71 0.1136

15 20.35 0.71 20.62 0.74 0.1049

16 20.62 0.74 20.90 0.76 0.0993

17 20.90 0.76 21.17 0.79 0.1082

18 21.17 0.79 21.45 0.82 0.1131

19 21.45 0.82 21.72 0.85 0.1104

20 21.72 0.85 22.00 0.88 0.1002

21 22.00 0.88 22.27 0.91 0.1025

22 22.27 0.91 23.37 1.03 0.1122

23 23.37 1.03 23.65 1.06 0.1051

24 23.65 1.06 23.92 1.09 0.1012

25 23.92 1.09 24.20 1.12 0.1081

26 24.20 1.12 25.75 1.39 0.1116

27 1024.75 1.39 1024.75 1.45 0.1031

28 1024.75 1.45 1024.75 2.40 0.1112

29 1024.75 2.40 1024.75 2.46 0.1064

30 1024.75 2.46 1024.75 3.16 0.1108

31 1024.75 3.16 1024.75 3.19 0.1127

32 1024.75 3.19 1024.75 3.24 0.1682

33 1024.75 3.24 1024.75 3.31 0.2482

34 1024.75 3.31 1024.75 3.38 0.2745

35 1024.75 3.38 1024.75 3.39 0.0338

36 1024.75 3.39 1024.75 3.37 -0.0993

37 1024.75 3.37 1024.75 3.40 0.1186

38 1024.75 3.40 1024.75 3.46 0.2435

39 1024.75 3.46 1024.75 3.68 0.2580

40 1024.75 3.68 1024.75 3.70 0.0707

41 1024.75 3.70 1024.75 3.67 -0.0947

42 1024.75 3.67 1024.75 3.69 0.0862

43 1024.75 3.69 1024.75 4.03 0.2450

44 1024.75 4.03 1024.75 4.04 0.0328



45 1024.75 4.04 1024.75 4.02 -0.0785

46 1024.75 4.02 1024.75 4.05 0.1286

47 1024.75 4.05 1024.75 4.44 0.2347

48 1024.75 4.44 1024.75 4.45 0.0192

49 1024.75 4.45 1024.75 4.43 -0.0628

50 1024.75 4.43 1024.75 4.47 0.1485

51 1024.75 4.47 1024.75 4.91 0.2263

52 1024.75 4.91 1024.75 4.94 0.1192

53 1024.75 4.94 1024.75 4.93 -0.0460

54 1024.75 4.93 1024.75 4.94 0.0577

55 1024.75 4.94 1024.75 5.18 0.2196

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Licensed to   Geotechnical User     Barr Engineering Company

Date: 10/17/2006             File Name: 

Wall Height=11.0 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=29.05,     Pile Length=40.05

MOMENT IN PILE: Max. Moment=84.05  per Pile Spacing=6.0  at Depth=10.63

 

VERTICAL BEARING CAPACITY: Vertical Loading=0.0,    Resistance=54.5,    Vertical Factor of Safety=999.00

 

SYSTEM FACTOR OF SAFETY (Approximate)=1.34

The request embedment is 29.1, the user input fixed embedment = 39.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 16.1 16.1 0.0 13.3 4.0

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 11.00 0.50

 

PASSIVE SPACING: Z depth Spacing

1 11.00 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 4.4 0.16 0.037

2 4.4 0.16 4.7 0.17 0.030

3 4.7 0.17 4.9 0.18 0.023

4 4.9 0.18 6.1 0.20 0.020

5 6.1 0.20 6.3 0.26 0.236

6 6.3 0.26 6.6 0.35 0.320



7 6.6 0.35 6.9 0.38 0.110

8 6.9 0.38 7.2 0.38 0.002

9 7.2 0.38 7.4 0.31 -0.263

10 7.4 0.31 7.7 0.24 -0.239

11 7.7 0.24 11.0 0.32 0.022

12 11.0 0.31 13.2 0.36 0.021

13 13.2 0.36 13.5 0.44 0.267

14 13.5 0.44 13.8 0.56 0.472

15 13.8 0.56 14.0 0.63 0.232

16 14.0 0.63 14.3 0.64 0.032

17 14.3 0.64 14.6 0.64 0.028

18 14.6 0.64 14.9 0.65 0.023

19 14.9 0.65 15.1 0.66 0.032

20 15.1 0.66 15.4 0.67 0.033

21 15.4 0.67 15.9 0.68 0.025

22 15.9 0.68 16.2 0.69 0.030

23 16.2 0.69 16.5 0.70 0.034

24 16.5 0.70 16.8 0.71 0.028

25 16.8 0.71 17.3 0.72 0.025

26 17.3 0.72 17.6 0.73 0.031

27 17.6 0.73 17.9 0.74 0.034

28 17.9 0.74 18.1 0.75 0.028

29 18.1 0.75 18.7 0.76 0.026

30 18.7 0.76 19.0 0.77 0.024

31 19.0 0.77 19.3 0.78 0.027

32 19.3 0.78 19.5 0.78 0.029

33 19.5 0.78 19.8 0.79 0.023

34 19.8 0.79 20.9 0.81 0.021

35 20.9 0.81 21.2 0.82 0.023

36 21.2 0.82 21.5 0.83 0.029

37 21.5 0.83 21.7 0.83 0.027

38 21.7 0.83 23.6 0.88 0.022

39 23.6 0.88 23.9 0.88 0.027

40 23.9 0.88 24.2 0.89 0.029

41 24.2 0.89 24.5 0.90 0.024

42 24.5 0.90 27.2 0.96 0.022

43 27.2 0.96 27.8 0.98 0.028

44 27.8 0.98 32.2 1.07 0.022

45 32.2 1.07 32.7 1.09 0.028

46 32.7 1.09 39.9 1.25 0.022

47 39.9 1.25 40.1 1.26 0.027

48 1039.1 1.26 1039.1 1.57 0.022

49 1039.1 1.57 1039.1 1.59 0.026

50 1039.1 1.59 1039.1 1.59 0.023

51 4.6 0.00 6.9 0.14 0.062

52 6.9 0.14 40.1 0.14 0.000

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 11.00 0.00 16.22 0.10 0.0188

2 16.22 0.10 16.50 0.10 0.0252

3 16.50 0.10 16.77 0.12 0.0380

4 16.77 0.12 31.07 0.75 0.0444

5 31.07 0.75 31.35 0.91 0.5830

6 31.35 0.91 31.62 0.93 0.0586

7 31.62 0.93 31.90 0.80 -0.4798

8 31.90 0.80 32.17 0.81 0.0449

9 32.17 0.81 32.45 0.82 0.0471

10 32.45 0.82 32.72 0.88 0.2308



11 32.72 0.88 33.00 1.02 0.4895

12 33.00 1.02 33.27 0.98 -0.1253

13 33.27 0.98 33.55 0.88 -0.3860

14 33.55 0.88 33.82 0.89 0.0587

15 33.82 0.89 34.10 0.94 0.1845

16 34.10 0.94 34.37 1.03 0.3222

17 34.37 1.03 34.65 1.09 0.2063

18 34.65 1.09 34.92 1.03 -0.2277

19 34.92 1.03 35.20 0.97 -0.2114

20 35.20 0.97 35.47 1.02 0.1694

21 35.47 1.02 35.75 1.08 0.2450

22 35.75 1.08 36.02 1.15 0.2491

23 36.02 1.15 36.30 1.15 -0.0174

24 36.30 1.15 36.57 1.09 -0.2237

25 36.57 1.09 36.85 1.09 0.0184

26 36.85 1.09 37.67 1.26 0.2002

27 37.67 1.26 37.95 1.22 -0.1368

28 37.95 1.22 38.22 1.17 -0.1692

29 38.22 1.17 38.50 1.21 0.1531

30 38.50 1.21 39.05 1.31 0.1710

31 39.05 1.31 39.32 1.35 0.1346

32 39.32 1.35 39.60 1.31 -0.1215

33 39.60 1.31 39.87 1.29 -0.0947

34 39.87 1.29 40.05 1.41 0.1517

35 1039.05 1.41 1039.05 1.45 0.1315

36 1039.05 1.45 1039.05 1.42 -0.0959

37 1039.05 1.42 1039.05 1.40 -0.0825

38 1039.05 1.40 1039.05 1.55 0.1381

39 1039.05 1.55 1039.05 1.54 -0.0278

40 1039.05 1.54 1039.05 1.52 -0.0806

41 1039.05 1.52 1039.05 1.54 0.0802

42 1039.05 1.54 1039.05 1.65 0.1280

43 1039.05 1.65 1039.05 1.67 0.0988

44 1039.05 1.67 1039.05 1.66 -0.0626

45 1039.05 1.66 1039.05 1.65 -0.0373

46 1039.05 1.65 1039.05 1.78 0.1202

47 1039.05 1.78 1039.05 1.80 0.0918

48 1039.05 1.80 1039.05 1.79 -0.0506

49 1039.05 1.79 1039.05 1.78 -0.0251

50 1039.05 1.78 1039.05 1.94 0.1142

51 1039.05 1.94 1039.05 1.94 -0.0009

52 1039.05 1.94 1039.05 1.93 -0.0419

53 1039.05 1.93 1039.05 1.95 0.0707

54 1039.05 1.95 1039.05 2.10 0.1093

55 1039.05 2.10 1039.05 2.10 -0.0044

56 1039.05 2.10 1039.05 2.09 -0.0331

57 1039.05 2.09 1039.05 2.11 0.0786

58 1039.05 2.11 1039.05 2.26 0.1054

59 1039.05 2.26 1039.05 2.28 0.0736

60 1039.05 2.28 1039.05 2.27 -0.0244

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Licensed to   Geotechnical User     Barr Engineering Company

Date: 10/17/2006             File Name: 

Wall Height=11.0 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=13.94,     Pile Length=24.94

MOMENT IN PILE: Max. Moment=47.50  per Pile Spacing=6.0  at Depth=9.34

 

SYSTEM FACTOR OF SAFETY (Approximate)=2.80

The request embedment is 13.9, the user input fixed embedment = 39.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 12.5 12.5 0.0 12.5 3.1

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 11.00 0.50

 

PASSIVE SPACING: Z depth Spacing

1 11.00 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 0.3 0.01 0.037

2 0.3 0.01 0.6 0.02 0.034

3 0.6 0.02 0.8 0.03 0.026

4 0.8 0.03 6.3 0.14 0.021

5 6.3 0.14 6.6 0.14 0.017

6 6.6 0.14 6.9 0.15 0.015

7 6.9 0.15 7.2 0.15 0.017

8 7.2 0.15 7.4 0.16 0.039



9 7.4 0.16 7.7 0.17 0.040

10 7.7 0.17 11.0 0.24 0.021

11 11.0 0.24 13.2 0.29 0.021

12 13.2 0.29 13.5 0.29 -0.001

13 13.5 0.29 13.8 0.28 -0.022

14 13.8 0.28 14.0 0.28 -0.003

15 14.0 0.28 18.7 0.35 0.015

16 18.7 0.35 19.0 0.36 0.014

17 19.0 0.36 24.9 0.81 0.013

18 0.6 0.00 2.9 0.14 0.062

19 2.9 0.14 24.9 0.14 0.000

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 11.00 0.00 16.23 0.27 0.0522

2 16.23 0.27 16.50 0.29 0.0700

3 16.50 0.29 16.77 0.32 0.1055

4 16.77 0.32 17.60 0.42 0.1233

5 17.60 0.42 17.88 0.45 0.1107

6 17.88 0.45 18.15 0.48 0.1006

7 18.15 0.48 18.42 0.51 0.0970

8 18.42 0.51 18.70 0.54 0.0995

9 18.70 0.54 18.98 0.56 0.1026

10 18.98 0.56 19.25 0.59 0.0992

11 19.25 0.59 19.52 0.62 0.1085

12 19.52 0.62 19.80 0.65 0.1002

13 19.80 0.65 20.08 0.68 0.0988

14 20.08 0.68 20.35 0.71 0.1136

15 20.35 0.71 20.63 0.74 0.1049

16 20.63 0.74 20.90 0.76 0.0993

17 20.90 0.76 21.17 0.79 0.1082

18 21.17 0.79 21.45 0.82 0.1131

19 21.45 0.82 21.73 0.85 0.1104

20 21.73 0.85 22.00 0.88 0.1002

21 22.00 0.88 22.27 0.91 0.1025

22 22.27 0.91 23.38 1.03 0.1122

23 23.38 1.03 23.65 1.06 0.1051

24 23.65 1.06 23.92 1.09 0.1012

25 23.92 1.09 24.20 1.12 0.1081

26 24.20 1.12 24.94 1.39 0.1116

27 1023.94 1.39 1023.94 1.45 0.1031

28 1023.94 1.45 1023.94 2.40 0.1112

29 1023.94 2.40 1023.94 2.46 0.1064

30 1023.94 2.46 1023.94 3.16 0.1108

31 1023.94 3.16 1023.94 3.19 0.1127

32 1023.94 3.19 1023.94 3.24 0.1682

33 1023.94 3.24 1023.94 3.31 0.2482

34 1023.94 3.31 1023.94 3.38 0.2745

35 1023.94 3.38 1023.94 3.39 0.0338

36 1023.94 3.39 1023.94 3.37 -0.0993

37 1023.94 3.37 1023.94 3.40 0.1186

38 1023.94 3.40 1023.94 3.46 0.2435

39 1023.94 3.46 1023.94 3.68 0.2580

40 1023.94 3.68 1023.94 3.70 0.0707

41 1023.94 3.70 1023.94 3.67 -0.0947

42 1023.94 3.67 1023.94 3.69 0.0862

43 1023.94 3.69 1023.94 4.03 0.2450

44 1023.94 4.03 1023.94 4.04 0.0328

45 1023.94 4.04 1023.94 4.02 -0.0785



46 1023.94 4.02 1023.94 4.05 0.1286

47 1023.94 4.05 1023.94 4.44 0.2347

48 1023.94 4.44 1023.94 4.45 0.0192

49 1023.94 4.45 1023.94 4.43 -0.0628

50 1023.94 4.43 1023.94 4.47 0.1485

51 1023.94 4.47 1023.94 4.91 0.2263

52 1023.94 4.91 1023.94 4.94 0.1192

53 1023.94 4.94 1023.94 4.93 -0.0460

54 1023.94 4.93 1023.94 4.94 0.0577

55 1023.94 4.94 1023.94 5.18 0.2196

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Licensed to   Geotechnical User     Barr Engineering Company

Date: 10/17/2006             File Name: 

Wall Height=11.0 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=25.83,     Pile Length=36.83

MOMENT IN PILE: Max. Moment=68.45  per Pile Spacing=6.0  at Depth=10.37

 

SYSTEM FACTOR OF SAFETY (Approximate)=1.51

The request embedment is 25.8, the user input fixed embedment = 39.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 15.4 15.4 0.0 13.2 3.9

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 11.00 0.50

 

PASSIVE SPACING: Z depth Spacing

1 11.00 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 0.3 0.01 0.037

2 0.3 0.01 0.6 0.02 0.034

3 0.6 0.02 0.8 0.03 0.026

4 0.8 0.03 6.1 0.13 0.021

5 6.1 0.13 6.3 0.18 0.168

6 6.3 0.18 6.6 0.24 0.226

7 6.6 0.24 6.9 0.26 0.083

8 6.9 0.26 7.2 0.27 0.010



9 7.2 0.27 7.4 0.22 -0.178

10 7.4 0.22 7.7 0.17 -0.162

11 7.7 0.17 11.0 0.24 0.021

12 11.0 0.24 13.2 0.29 0.021

13 13.2 0.29 13.5 0.35 0.220

14 13.5 0.35 13.8 0.46 0.386

15 13.8 0.46 14.0 0.51 0.194

16 14.0 0.51 14.3 0.52 0.031

17 14.3 0.52 14.6 0.53 0.026

18 14.6 0.53 14.9 0.53 0.027

19 14.9 0.53 15.1 0.54 0.032

20 15.1 0.54 15.4 0.55 0.028

21 15.4 0.55 15.7 0.56 0.024

22 15.7 0.56 15.9 0.56 0.030

23 15.9 0.56 16.2 0.57 0.032

24 16.2 0.57 16.5 0.58 0.027

25 16.5 0.58 16.8 0.59 0.025

26 16.8 0.59 17.0 0.60 0.027

27 17.0 0.60 17.3 0.61 0.032

28 17.3 0.61 17.6 0.61 0.031

29 17.6 0.61 18.4 0.63 0.026

30 18.4 0.63 18.7 0.64 0.032

31 18.7 0.64 19.0 0.65 0.031

32 19.0 0.65 19.3 0.66 0.022

33 19.3 0.66 20.1 0.68 0.021

34 20.1 0.68 20.4 0.68 0.024

35 20.4 0.68 20.6 0.69 0.028

36 20.6 0.69 20.9 0.70 0.026

37 20.9 0.70 22.5 0.73 0.022

38 22.5 0.73 23.1 0.75 0.027

39 23.1 0.75 25.6 0.80 0.022

40 25.6 0.80 26.1 0.82 0.027

41 26.1 0.82 30.0 0.90 0.023

42 30.0 0.90 30.3 0.91 0.027

43 30.3 0.91 30.5 0.92 0.026

44 30.5 0.92 36.6 1.05 0.022

45 36.6 1.05 36.8 1.07 0.026

46 1035.8 1.07 1035.8 1.34 0.023

47 1035.8 1.33 1035.8 1.35 0.025

48 1035.8 1.35 1035.8 1.47 0.023

49 0.6 0.00 2.9 0.14 0.062

50 2.9 0.14 36.8 0.14 0.000

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 11.00 0.00 16.23 0.10 0.0188

2 16.23 0.10 16.50 0.11 0.0264

3 16.50 0.11 16.77 0.12 0.0415

4 16.77 0.12 29.70 0.75 0.0490

5 29.70 0.75 29.98 0.82 0.2588

6 29.98 0.82 30.25 0.84 0.0529

7 30.25 0.84 30.52 0.79 -0.1568

8 30.52 0.79 30.80 0.81 0.0492

9 30.80 0.81 31.08 0.82 0.0559

10 31.08 0.82 31.35 0.89 0.2607

11 31.35 0.89 31.63 0.92 0.1102

12 31.63 0.92 31.90 0.88 -0.1565

13 31.90 0.88 32.17 0.88 -0.0126

14 32.17 0.88 32.45 0.90 0.0689



15 32.45 0.90 32.72 0.95 0.2002

16 32.72 0.95 33.00 1.01 0.2267

17 33.00 1.01 33.28 0.99 -0.0938

18 33.28 0.99 33.55 0.95 -0.1397

19 33.55 0.95 33.83 0.97 0.0820

20 33.83 0.97 34.10 1.02 0.1799

21 34.10 1.02 34.38 1.09 0.2473

22 34.38 1.09 34.65 1.09 -0.0058

23 34.65 1.09 34.92 1.04 -0.1705

24 34.92 1.04 35.20 1.05 0.0291

25 35.20 1.05 35.47 1.10 0.1692

26 35.47 1.10 35.75 1.15 0.2002

27 35.75 1.15 36.03 1.19 0.1417

28 36.03 1.19 36.30 1.15 -0.1293

29 36.30 1.15 36.58 1.13 -0.0975

30 36.58 1.13 36.83 1.17 0.1589

31 1035.83 1.17 1035.83 1.26 0.1710

32 1035.83 1.26 1035.83 1.27 0.0094

33 1035.83 1.27 1035.83 1.24 -0.1127

34 1035.83 1.24 1035.83 1.25 0.0393

35 1035.83 1.25 1035.83 1.37 0.1517

36 1035.83 1.37 1035.83 1.36 -0.0411

37 1035.83 1.36 1035.83 1.34 -0.0897

38 1035.83 1.34 1035.83 1.36 0.0963

39 1035.83 1.36 1035.83 1.48 0.1381

40 1035.83 1.48 1035.83 1.47 -0.0259

41 1035.83 1.47 1035.83 1.45 -0.0709

42 1035.83 1.45 1035.83 1.48 0.0880

43 1035.83 1.48 1035.83 1.58 0.1280

44 1035.83 1.58 1035.83 1.59 0.0400

45 1035.83 1.59 1035.83 1.58 -0.0552

46 1035.83 1.58 1035.83 1.58 0.0288

47 1035.83 1.58 1035.83 1.72 0.1202

48 1035.83 1.72 1035.83 1.71 -0.0133

49 1035.83 1.71 1035.83 1.70 -0.0448

50 1035.83 1.70 1035.83 1.72 0.0857

51 1035.83 1.72 1035.83 1.85 0.1142

52 1035.83 1.85 1035.83 1.85 0.0049

53 1035.83 1.85 1035.83 1.84 -0.0349

54 1035.83 1.84 1035.83 1.86 0.0719

55 1035.83 1.86 1035.83 1.98 0.1093

56 1035.83 1.98 1035.83 2.01 0.0866

57 1035.83 2.01 1035.83 2.00 -0.0254

58 1035.83 2.00 1035.83 2.00 -0.0047

59 1035.83 2.00 1035.83 2.17 0.1054

60 1035.83 2.17 1035.83 2.17 -0.0180

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Wall Height=8.0 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=9.28,     Pile Length=17.28

MOMENT IN PILE: Max. Moment=14.98  per Pile Spacing=6.0  at Depth=7.03

 

VERTICAL BEARING CAPACITY: Vertical Loading=5.4,    Resistance=21.1,    Vertical Factor of Safety=3.90

 

SYSTEM FACTOR OF SAFETY (Approximate)=3.45

The request embedment is 9.3, the user input fixed embedment = 32.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 5.4 5.4 0.0 9.3 1.4

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 8.00 0.50

 

PASSIVE SPACING: Z depth Spacing

1 8.00 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 2.8 0.09 0.033

2 2.8 0.09 3.0 0.10 0.043

3 3.0 0.10 3.2 0.11 0.056

4 3.2 0.11 3.4 0.12 0.050

5 3.4 0.12 8.0 0.31 0.040

6 8.0 0.31 8.6 0.33 0.040



7 8.6 0.33 8.8 0.33 0.009

8 8.8 0.33 9.0 0.33 -0.027

9 9.0 0.33 9.2 0.33 -0.006

10 9.2 0.33 11.4 0.37 0.018

11 11.4 0.37 11.6 0.38 0.089

12 11.6 0.38 11.8 0.40 0.092

13 11.8 0.40 12.8 0.43 0.024

14 12.8 0.43 13.2 0.44 0.025

15 13.2 0.44 17.3 0.88 0.024

16 1016.3 0.88 1016.3 0.85 -0.134

17 1016.3 0.85 1016.3 0.86 0.020

18 1016.3 0.86 1016.3 0.89 0.177

19 1016.3 0.89 1016.3 1.00 0.024

20 1016.3 1.00 1016.3 0.99 -0.066

21 1016.3 0.99 1016.3 0.96 -0.158

22 1016.3 0.96 1016.3 0.95 -0.074

23 1016.3 0.95 1016.3 0.98 0.014

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 8.00 0.00 12.20 0.24 0.0574

2 12.20 0.24 12.40 0.27 0.1574

3 12.40 0.27 12.60 0.31 0.1817

4 12.60 0.31 12.80 0.33 0.1119

5 12.80 0.33 13.00 0.36 0.1260

6 13.00 0.36 13.20 0.38 0.1319

7 13.20 0.38 13.40 0.41 0.1121

8 13.40 0.41 13.60 0.43 0.1178

9 13.60 0.43 13.80 0.46 0.1446

10 13.80 0.46 14.00 0.49 0.1527

11 14.00 0.49 14.20 0.52 0.1482

12 14.20 0.52 14.40 0.54 0.1262

13 14.40 0.54 14.60 0.57 0.1508

14 14.60 0.57 14.80 0.61 0.1618

15 14.80 0.61 15.00 0.63 0.1450

16 15.00 0.63 15.20 0.67 0.1671

17 15.20 0.67 15.40 0.70 0.1575

18 15.40 0.70 15.60 0.73 0.1620

19 15.60 0.73 15.80 0.77 0.1732

20 15.80 0.77 16.00 0.80 0.1596

21 16.00 0.80 16.20 0.84 0.1917

22 16.20 0.84 16.40 0.87 0.1593

23 16.40 0.87 16.60 0.90 0.1580

24 16.60 0.90 16.80 0.94 0.2160

25 16.80 0.94 17.20 1.01 0.1582

26 17.20 1.01 17.28 1.05 0.2143

27 1016.28 1.05 1016.28 1.09 0.1917

28 1016.28 1.09 1016.28 1.12 0.1576

29 1016.28 1.12 1016.28 1.15 0.1781

30 1016.28 1.15 1016.28 1.24 0.2101

31 1016.28 1.24 1016.28 1.27 0.1749

32 1016.28 1.27 1016.28 1.31 0.1587

33 1016.28 1.31 1016.28 1.35 0.1923

34 1016.28 1.35 1016.28 1.47 0.2069

35 1016.28 1.47 1016.28 1.51 0.1990

36 1016.28 1.51 1016.28 1.54 0.1625

37 1016.28 1.54 1016.28 1.58 0.1692

38 1016.28 1.58 1016.28 1.90 0.2045

39 1016.28 1.90 1016.28 1.94 0.1688



40 1016.28 1.94 1016.28 1.97 0.1668

41 1016.28 1.97 1016.28 2.01 0.2018

42 1016.28 2.01 1016.28 2.70 0.2030

43 1016.28 2.70 1016.28 2.74 0.1935

44 1016.28 2.74 1016.28 2.77 0.1752

45 1016.28 2.77 1016.28 2.81 0.1843

46 1016.28 2.81 1016.28 5.56 0.2022

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Wall Height=8.0 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=13.83,     Pile Length=21.83

MOMENT IN PILE: Max. Moment=19.65  per Pile Spacing=6.0  at Depth=7.52

 

VERTICAL BEARING CAPACITY: Vertical Loading=5.4,    Resistance=28.2,    Vertical Factor of Safety=5.22

 

SYSTEM FACTOR OF SAFETY (Approximate)=3.04

The request embedment is 13.8, the user input fixed embedment = 42.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 7.2 7.2 0.0 9.6 1.8

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 8.00 0.50

 

PASSIVE SPACING: Z depth Spacing

1 8.00 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 2.8 0.18 0.064

2 2.8 0.18 3.0 0.17 -0.059

3 3.0 0.17 3.2 0.13 -0.182

4 3.2 0.13 3.4 0.12 -0.063

5 3.4 0.12 3.6 0.13 0.052

6 3.6 0.13 3.8 0.14 0.048



7 3.8 0.14 4.0 0.15 0.047

8 4.0 0.15 4.2 0.16 0.045

9 4.2 0.16 4.8 0.18 0.043

10 4.8 0.18 5.0 0.19 0.042

11 5.0 0.19 5.2 0.20 0.041

12 5.2 0.20 5.6 0.22 0.042

13 5.6 0.22 5.8 0.22 0.039

14 5.8 0.22 6.2 0.24 0.042

15 6.2 0.24 6.8 0.26 0.040

16 6.8 0.26 7.2 0.28 0.042

17 7.2 0.28 8.0 0.31 0.041

18 8.0 0.31 8.6 0.34 0.040

19 8.6 0.34 8.8 0.41 0.333

20 8.8 0.41 9.0 0.53 0.630

21 9.0 0.53 9.2 0.60 0.332

22 9.2 0.60 9.4 0.61 0.038

23 9.4 0.61 9.6 0.61 0.039

24 9.6 0.61 9.8 0.62 0.031

25 9.8 0.62 10.0 0.63 0.037

26 10.0 0.63 10.2 0.63 0.040

27 10.2 0.63 10.6 0.65 0.033

28 10.6 0.65 10.8 0.66 0.041

29 10.8 0.66 11.0 0.66 0.040

30 11.0 0.66 11.4 0.68 0.031

31 11.4 0.68 11.6 0.55 -0.657

32 11.6 0.55 11.8 0.41 -0.661

33 11.8 0.41 12.6 0.43 0.023

34 12.6 0.43 12.8 0.44 0.026

35 12.8 0.44 13.0 0.44 0.030

36 13.0 0.44 13.2 0.45 0.027

37 13.2 0.45 14.6 0.48 0.023

38 14.6 0.48 14.8 0.49 0.027

39 14.8 0.49 15.0 0.49 0.029

40 15.0 0.49 15.2 0.50 0.026

41 15.2 0.50 18.0 0.56 0.023

42 18.0 0.56 18.2 0.57 0.026

43 18.2 0.57 18.4 0.57 0.028

44 18.4 0.57 18.6 0.58 0.026

45 18.6 0.58 21.8 0.75 0.024

46 1020.8 0.75 1020.8 0.75 0.025

47 1020.8 0.75 1020.8 0.76 0.027

48 1020.8 0.76 1020.8 0.76 0.026

49 1020.8 0.76 1020.8 0.89 0.024

50 1020.8 0.89 1020.8 1.19 1.456

51 1020.8 1.19 1020.8 1.19 0.021

52 1020.8 1.19 1020.8 0.91 -1.411

53 1020.8 0.91 1020.8 1.02 0.024

54 1020.8 1.02 1020.8 1.19 0.845

55 1020.8 1.19 1020.8 1.52 1.665

56 1020.8 1.52 1020.8 1.69 0.844

57 1020.8 1.69 1020.8 1.70 0.023

58 1020.8 1.70 1020.8 1.71 0.045

59 1020.8 1.71 1020.8 1.72 0.060

60 1020.8 1.72 1020.8 1.73 0.039

61 1020.8 1.73 1020.8 1.76 0.024

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 8.00 0.00 12.20 0.09 0.0207



2 12.20 0.09 12.40 0.12 0.1549

3 12.40 0.12 12.60 0.14 0.1120

4 12.60 0.14 12.80 0.15 0.0428

5 12.80 0.15 13.00 0.17 0.1190

6 13.00 0.17 13.20 0.19 0.0790

7 13.20 0.19 13.60 0.21 0.0470

8 13.60 0.21 13.80 0.22 0.0759

9 13.80 0.22 14.00 0.24 0.0709

10 14.00 0.24 14.20 0.25 0.0538

11 14.20 0.25 14.40 0.26 0.0667

12 14.40 0.26 14.60 0.28 0.0737

13 14.60 0.28 14.80 0.29 0.0605

14 14.80 0.29 15.00 0.30 0.0766

15 15.00 0.30 15.20 0.32 0.0652

16 15.20 0.32 15.40 0.33 0.0672

17 15.40 0.33 15.60 0.34 0.0753

18 15.60 0.34 15.80 0.36 0.0710

19 15.80 0.36 16.00 0.37 0.0739

20 16.00 0.37 16.20 0.39 0.0751

21 16.20 0.39 16.40 0.40 0.0731

22 16.40 0.40 16.60 0.42 0.0789

23 16.60 0.42 16.80 0.43 0.0733

24 16.80 0.43 17.00 0.45 0.0715

25 17.00 0.45 17.20 0.47 0.0855

26 17.20 0.47 17.40 0.48 0.0718

27 17.40 0.48 17.60 0.50 0.0841

28 17.60 0.50 17.80 0.51 0.0789

29 17.80 0.51 18.00 0.53 0.0715

30 18.00 0.53 18.20 0.54 0.0889

31 18.20 0.54 18.40 0.56 0.0815

32 18.40 0.56 18.60 0.57 0.0718

33 18.60 0.57 18.80 0.59 0.0850

34 18.80 0.59 19.00 0.61 0.0939

35 19.00 0.61 19.40 0.64 0.0725

36 19.40 0.64 19.80 0.68 0.0926

37 19.80 0.68 20.00 0.69 0.0781

38 20.00 0.69 20.20 0.71 0.0726

39 20.20 0.71 20.40 0.72 0.0867

40 20.40 0.72 20.80 0.76 0.0916

41 20.80 0.76 21.00 0.78 0.0816

42 21.00 0.78 21.20 0.79 0.0735

43 21.20 0.79 21.40 0.81 0.0831

44 21.40 0.81 21.83 0.88 0.0908

45 1020.83 0.88 1020.83 0.91 0.0749

46 1020.83 0.91 1020.83 1.02 0.0899

47 1020.83 1.02 1020.83 1.04 0.0888

48 1020.83 1.04 1020.83 1.05 0.0759

49 1020.83 1.05 1020.83 1.07 0.0771

50 1020.83 1.07 1020.83 1.26 0.0897

51 1020.83 1.26 1020.83 1.28 0.0794

52 1020.83 1.28 1020.83 1.30 0.0775

53 1020.83 1.30 1020.83 1.31 0.0876

54 1020.83 1.31 1020.83 1.67 0.0893

55 1020.83 1.67 1020.83 1.69 0.0881

56 1020.83 1.69 1020.83 1.70 0.0799

57 1020.83 1.70 1020.83 1.72 0.0810

58 1020.83 1.72 1020.83 2.45 0.0891

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Wall Height=15.6 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=16.37,     Pile Length=31.97

MOMENT IN PILE: Max. Moment=112.10  per Pile Spacing=6.0  at Depth=12.73

 

VERTICAL BEARING CAPACITY: Vertical Loading=5.4,    Resistance=38.2,    Vertical Factor of Safety=7.07

 

SYSTEM FACTOR OF SAFETY (Approximate)=2.10

The request embedment is 16.4, the user input fixed embedment = 34.4.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 17.4 17.4 0.0 16.2 4.4

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 15.60 0.50

 

PASSIVE SPACING: Z depth Spacing

1 15.60 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 2.7 0.09 0.033

2 2.7 0.09 3.1 0.11 0.045

3 3.1 0.11 3.5 0.13 0.048

4 3.5 0.13 8.2 0.31 0.040

5 8.2 0.32 8.6 0.33 0.035

6 8.6 0.33 9.0 0.33 0.006



7 9.0 0.33 9.4 0.34 0.008

8 9.4 0.34 9.8 0.35 0.031

9 9.8 0.35 10.1 0.36 0.024

10 10.1 0.36 10.9 0.37 0.018

11 10.9 0.37 11.3 0.38 0.027

12 11.3 0.38 11.7 0.40 0.057

13 11.7 0.40 12.1 0.42 0.050

14 12.1 0.42 15.6 0.51 0.024

15 15.6 0.51 31.6 0.89 0.024

16 31.6 0.89 32.0 0.88 -0.019

17 1031.0 0.88 1031.0 0.89 0.022

18 1031.0 0.89 1031.0 0.91 0.065

19 1031.0 0.91 1031.0 1.01 0.024

20 1031.0 1.01 1031.0 0.99 -0.056

21 1031.0 0.99 1031.0 0.96 -0.075

22 1031.0 0.96 1031.0 0.96 0.000

23 1031.0 0.96 1031.0 1.15 0.014

24 1031.0 1.15 1031.0 1.23 0.013

25 1031.0 1.23 1031.0 1.23 0.017

26 1031.0 1.23 1031.0 1.24 0.018

27 1031.0 1.24 1031.0 1.25 0.014

28 1031.0 1.25 1031.0 1.48 0.012

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 15.60 0.00 31.97 2.02 0.1038

2 1030.97 2.02 1030.97 2.07 0.1112

3 1030.97 2.07 1030.97 2.11 0.1041

4 1030.97 2.11 1030.97 2.15 0.1166

5 1030.97 2.15 1030.97 2.24 0.2136

6 1030.97 2.24 1030.97 2.28 0.1122

7 1030.97 2.28 1030.97 2.31 0.0649

8 1030.97 2.31 1030.97 2.40 0.2316

9 1030.97 2.40 1030.97 2.46 0.1768

10 1030.97 2.46 1030.97 2.49 0.0702

11 1030.97 2.49 1030.97 2.56 0.1596

12 1030.97 2.56 1030.97 2.65 0.2580

13 1030.97 2.65 1030.97 2.70 0.1042

14 1030.97 2.70 1030.97 2.72 0.0705

15 1030.97 2.72 1030.97 2.81 0.2178

16 1030.97 2.81 1030.97 2.90 0.2450

17 1030.97 2.90 1030.97 2.95 0.1159

18 1030.97 2.95 1030.97 2.98 0.0743

19 1030.97 2.98 1030.97 3.06 0.1983

20 1030.97 3.06 1030.97 3.15 0.2347

21 1030.97 3.15 1030.97 3.23 0.2103

22 1030.97 3.23 1030.97 3.26 0.0808

23 1030.97 3.26 1030.97 3.30 0.1011

24 1030.97 3.30 1030.97 3.57 0.2263

25 1030.97 3.57 1030.97 3.61 0.1112

26 1030.97 3.61 1030.97 3.64 0.0827

27 1030.97 3.64 1030.97 3.72 0.1944

28 1030.97 3.72 1030.97 3.97 0.2196

29 1030.97 3.97 1030.97 4.03 0.1585

30 1030.97 4.03 1030.97 4.07 0.0890

31 1030.97 4.07 1030.97 4.13 0.1475

32 1030.97 4.13 1030.97 4.55 0.2143

33 1030.97 4.55 1030.97 4.60 0.1342

34 1030.97 4.60 1030.97 4.63 0.0948



35 1030.97 4.63 1030.97 4.70 0.1728

36 1030.97 4.70 1030.97 5.28 0.2101

37 1030.97 5.28 1030.97 5.33 0.1431

38 1030.97 5.33 1030.97 5.37 0.1027

39 1030.97 5.37 1030.97 5.44 0.1681

40 1030.97 5.44 1030.97 6.32 0.2069

41 1030.97 6.32 1030.97 6.38 0.1411

42 1030.97 6.38 1030.97 6.42 0.1125

43 1030.97 6.42 1030.97 6.49 0.1771

44 1030.97 6.49 1030.97 8.01 0.2045

45 1030.97 8.01 1030.97 8.06 0.1339

46 1030.97 8.06 1030.97 8.11 0.1253

47 1030.97 8.11 1030.97 8.19 0.1951

48 1030.97 8.19 1030.97 9.93 0.2030

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Licensed to   Geotechnical User     Barr Engineering Company

Date: 10/17/2006             File Name: 

Wall Height=15.6 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=30.28,     Pile Length=45.88

MOMENT IN PILE: Max. Moment=175.91  per Pile Spacing=6.0  at Depth=13.44

 

VERTICAL BEARING CAPACITY: Vertical Loading=5.4,    Resistance=60.0,    Vertical Factor of Safety=11.11

 

SYSTEM FACTOR OF SAFETY (Approximate)=1.14

The request embedment is 30.3, the user input fixed embedment = 34.4.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 25.4 25.4 0.0 18.0 6.3

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 15.60 0.50

 

PASSIVE SPACING: Z depth Spacing

1 15.60 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 2.3 0.15 0.064

2 2.3 0.15 2.7 0.17 0.058

3 2.7 0.17 3.1 0.15 -0.063

4 3.1 0.15 3.5 0.12 -0.062

5 3.5 0.12 3.9 0.14 0.050

6 3.9 0.14 4.3 0.16 0.045



7 4.3 0.16 4.7 0.18 0.043

8 4.7 0.18 6.2 0.24 0.042

9 6.2 0.24 8.2 0.32 0.041

10 8.2 0.32 8.6 0.36 0.094

11 8.6 0.36 9.0 0.49 0.345

12 9.0 0.49 9.4 0.61 0.304

13 9.4 0.61 9.8 0.64 0.062

14 9.8 0.64 10.1 0.65 0.049

15 10.1 0.65 10.5 0.67 0.037

16 10.5 0.67 10.9 0.68 0.036

17 10.9 0.68 11.3 0.66 -0.060

18 11.3 0.66 11.7 0.53 -0.337

19 11.7 0.53 12.1 0.43 -0.247

20 12.1 0.43 12.5 0.44 0.023

21 12.5 0.44 13.3 0.46 0.026

22 13.3 0.46 14.4 0.49 0.023

23 14.4 0.49 15.2 0.51 0.027

24 15.2 0.51 15.6 0.52 0.023

25 15.6 0.52 17.5 0.56 0.023

26 17.5 0.56 18.7 0.60 0.025

27 18.7 0.60 25.0 0.74 0.024

28 25.0 0.74 25.7 0.76 0.026

29 25.7 0.76 31.6 0.90 0.024

30 31.6 0.90 32.0 1.06 0.406

31 32.0 1.06 32.4 1.07 0.022

32 32.4 1.07 32.8 0.93 -0.360

33 32.8 0.93 37.0 1.03 0.024

34 37.0 1.03 37.4 1.32 0.747

35 37.4 1.32 37.8 1.67 0.877

36 37.8 1.67 38.2 1.73 0.155

37 38.2 1.73 39.0 1.76 0.043

38 39.0 1.76 40.6 1.80 0.024

39 40.6 1.80 41.0 1.81 0.036

40 41.0 1.81 41.3 1.83 0.044

41 41.3 1.83 41.7 1.84 0.033

42 41.7 1.84 43.7 1.89 0.025

43 43.7 1.89 44.1 1.90 0.022

44 44.1 1.90 44.8 1.91 0.020

45 44.8 1.91 45.2 1.92 0.025

46 45.2 1.92 45.6 1.93 0.028

47 45.6 1.93 45.9 1.94 0.024

48 1044.9 1.94 1044.9 2.01 0.021

49 1044.9 2.01 1044.9 2.11 0.023

50 1044.9 2.11 1044.9 2.12 0.029

51 1044.9 2.12 1044.9 2.13 0.033

52 1044.9 2.13 1044.9 2.14 0.026

53 1044.9 2.14 1044.9 2.18 0.022

54 1044.9 2.18 1044.9 2.33 0.024

55 1044.9 2.34 1044.9 2.35 0.026

56 1044.9 2.35 1044.9 2.36 0.036

57 1044.9 2.36 1044.9 2.37 0.034

58 1044.9 2.37 1044.9 2.59 0.024

59 1044.9 2.59 1044.9 2.60 0.026

60 1044.9 2.60 1044.9 2.62 0.036

61 1044.9 2.62 1044.9 2.63 0.034

62 1044.9 2.63 1044.9 2.72 0.025

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope



1 15.60 0.00 28.47 0.51 0.0398

2 28.47 0.51 28.86 0.61 0.2508

3 28.86 0.61 29.25 0.63 0.0521

4 29.25 0.63 29.64 0.57 -0.1580

5 29.64 0.57 30.03 0.65 0.2085

6 30.03 0.65 30.42 0.70 0.1242

7 30.42 0.70 30.81 0.67 -0.0737

8 30.81 0.67 31.20 0.73 0.1579

9 31.20 0.73 31.59 0.76 0.0649

10 31.59 0.76 31.98 0.74 -0.0402

11 31.98 0.74 32.37 0.81 0.1875

12 32.37 0.81 32.76 0.82 0.0159

13 32.76 0.82 33.15 0.81 -0.0173

14 33.15 0.81 33.54 0.88 0.1829

15 33.54 0.88 33.93 0.89 0.0122

16 33.93 0.89 34.32 0.89 0.0062

17 34.32 0.89 34.71 0.96 0.1653

18 34.71 0.96 35.10 0.96 0.0178

19 35.10 0.96 35.49 0.97 0.0138

20 35.49 0.97 35.88 1.03 0.1517

21 35.88 1.03 36.27 1.04 0.0337

22 36.27 1.04 36.66 1.05 0.0161

23 36.66 1.05 37.05 1.10 0.1273

24 37.05 1.10 37.44 1.12 0.0652

25 37.44 1.12 37.83 1.13 0.0226

26 37.83 1.13 38.22 1.17 0.0904

27 38.22 1.17 38.61 1.21 0.1052

28 38.61 1.21 39.00 1.22 0.0279

29 39.00 1.22 39.39 1.24 0.0468

30 39.39 1.24 39.78 1.28 0.1202

31 39.78 1.28 40.17 1.31 0.0654

32 40.17 1.31 40.56 1.32 0.0296

33 40.56 1.32 40.95 1.35 0.0814

34 40.95 1.35 41.34 1.40 0.1142

35 41.34 1.40 41.73 1.42 0.0512

36 41.73 1.42 42.12 1.43 0.0319

37 42.12 1.43 42.51 1.47 0.0925

38 42.51 1.47 42.90 1.51 0.1093

39 42.90 1.51 43.29 1.53 0.0595

40 43.29 1.53 43.68 1.54 0.0347

41 43.68 1.54 44.07 1.58 0.0826

42 44.07 1.58 44.46 1.62 0.1054

43 44.46 1.62 44.85 1.65 0.0882

44 44.85 1.65 45.24 1.67 0.0377

45 45.24 1.67 45.63 1.69 0.0533

46 45.63 1.69 45.88 1.77 0.1021

47 1044.88 1.77 1044.88 1.80 0.0749

48 1044.88 1.80 1044.88 1.81 0.0396

49 1044.88 1.81 1044.88 1.84 0.0655

50 1044.88 1.84 1044.88 1.92 0.0995

51 1044.88 1.92 1044.88 1.95 0.0913

52 1044.88 1.95 1044.88 1.97 0.0421

53 1044.88 1.97 1044.88 1.99 0.0491

54 1044.88 1.99 1044.88 2.10 0.0973

55 1044.88 2.10 1044.88 2.13 0.0846

56 1044.88 2.13 1044.88 2.15 0.0440

57 1044.88 2.15 1044.88 2.17 0.0558

58 1044.88 2.17 1044.88 2.32 0.0954

59 1044.88 2.32 1044.88 2.35 0.0680



60 1044.88 2.35 1044.88 2.37 0.0460

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Date: 10/17/2006             File Name: 

Wall Height=13.5 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=14.94,     Pile Length=28.44

MOMENT IN PILE: Max. Moment=72.56  per Pile Spacing=6.0  at Depth=11.14

 

VERTICAL BEARING CAPACITY: Vertical Loading=5.4,    Resistance=34.3,    Vertical Factor of Safety=6.34

 

SYSTEM FACTOR OF SAFETY (Approximate)=2.44

The request embedment is 14.9, the user input fixed embedment = 36.5.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 13.5 13.5 0.0 14.2 3.4

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 13.50 0.50

 

PASSIVE SPACING: Z depth Spacing

1 13.50 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 2.7 0.09 0.033

2 2.7 0.09 3.0 0.10 0.044

3 3.0 0.10 3.4 0.12 0.049

4 3.4 0.12 3.7 0.14 0.042

5 3.7 0.14 8.4 0.32 0.040

6 8.4 0.33 8.8 0.33 0.016



7 8.8 0.33 9.1 0.33 -0.005

8 9.1 0.33 9.4 0.33 0.007

9 9.4 0.33 11.1 0.36 0.017

10 11.1 0.36 11.5 0.38 0.044

11 11.5 0.38 11.8 0.40 0.062

12 11.8 0.40 12.1 0.41 0.039

13 12.1 0.41 13.5 0.44 0.024

14 13.5 0.44 28.4 0.87 0.024

15 1027.4 0.87 1027.4 0.87 0.007

16 1027.4 0.87 1027.4 0.87 -0.016

17 1027.4 0.87 1027.4 0.88 0.038

18 1027.4 0.88 1027.4 0.90 0.061

19 1027.4 0.90 1027.4 1.00 0.024

20 1027.4 1.00 1027.4 0.98 -0.072

21 1027.4 0.98 1027.4 0.95 -0.088

22 1027.4 0.95 1027.4 0.95 0.003

23 1027.4 0.95 1027.4 1.14 0.014

24 1027.4 1.14 1027.4 1.14 0.013

25 1027.4 1.14 1027.4 1.22 0.012

26 1027.4 1.22 1027.4 1.22 0.016

27 1027.4 1.22 1027.4 1.23 0.019

28 1027.4 1.23 1027.4 1.24 0.015

29 1027.4 1.24 1027.4 1.34 0.012

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 13.50 0.00 28.44 1.83 0.0935

2 1027.44 1.83 1027.44 1.86 0.1006

3 1027.44 1.86 1027.44 1.93 0.1896

4 1027.44 1.93 1027.44 1.96 0.0898

5 1027.44 1.96 1027.44 1.97 0.0236

6 1027.44 1.97 1027.44 2.05 0.2384

7 1027.44 2.05 1027.44 2.11 0.1818

8 1027.44 2.11 1027.44 2.11 -0.0002

9 1027.44 2.11 1027.44 2.16 0.1473

10 1027.44 2.16 1027.44 2.27 0.3221

11 1027.44 2.27 1027.44 2.27 0.0201

12 1027.44 2.27 1027.44 2.27 0.0009

13 1027.44 2.27 1027.44 2.37 0.2902

14 1027.44 2.37 1027.44 2.45 0.2387

15 1027.44 2.45 1027.44 2.46 0.0186

16 1027.44 2.46 1027.44 2.48 0.0649

17 1027.44 2.48 1027.44 2.57 0.2745

18 1027.44 2.57 1027.44 2.66 0.2501

19 1027.44 2.66 1027.44 2.67 0.0260

20 1027.44 2.67 1027.44 2.68 0.0421

21 1027.44 2.68 1027.44 2.86 0.2580

22 1027.44 2.86 1027.44 2.90 0.1301

23 1027.44 2.90 1027.44 2.91 0.0289

24 1027.44 2.91 1027.44 2.96 0.1504

25 1027.44 2.96 1027.44 3.12 0.2450

26 1027.44 3.12 1027.44 3.17 0.1392

27 1027.44 3.17 1027.44 3.18 0.0360

28 1027.44 3.18 1027.44 3.23 0.1366

29 1027.44 3.23 1027.44 3.47 0.2347

30 1027.44 3.47 1027.44 3.50 0.0867

31 1027.44 3.50 1027.44 3.51 0.0417

32 1027.44 3.51 1027.44 3.57 0.1854

33 1027.44 3.57 1027.44 3.80 0.2263



34 1027.44 3.80 1027.44 3.87 0.2012

35 1027.44 3.87 1027.44 3.89 0.0512

36 1027.44 3.89 1027.44 3.91 0.0730

37 1027.44 3.91 1027.44 4.28 0.2196

38 1027.44 4.28 1027.44 4.34 0.1773

39 1027.44 4.34 1027.44 4.36 0.0586

40 1027.44 4.36 1027.44 4.39 0.0982

41 1027.44 4.39 1027.44 4.90 0.2143

42 1027.44 4.90 1027.44 4.95 0.1292

43 1027.44 4.95 1027.44 4.97 0.0667

44 1027.44 4.97 1027.44 5.02 0.1497

45 1027.44 5.02 1027.44 5.66 0.2101

46 1027.44 5.66 1027.44 5.72 0.1970

47 1027.44 5.72 1027.44 5.75 0.0780

48 1027.44 5.75 1027.44 5.78 0.0895

49 1027.44 5.78 1027.44 6.83 0.2069

50 1027.44 6.83 1027.44 6.86 0.1141

51 1027.44 6.86 1027.44 6.90 0.0898

52 1027.44 6.90 1027.44 6.96 0.1814

53 1027.44 6.96 1027.44 7.85 0.2045

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in
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Licensed to   Geotechnical User     Barr Engineering Company

Date: 10/17/2006             File Name: 

Wall Height=13.5 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=28.17,     Pile Length=41.67

MOMENT IN PILE: Max. Moment=125.04  per Pile Spacing=6.0  at Depth=11.79

 

VERTICAL BEARING CAPACITY: Vertical Loading=5.4,    Resistance=55.0,    Vertical Factor of Safety=10.19

 

SYSTEM FACTOR OF SAFETY (Approximate)=1.30

The request embedment is 28.2, the user input fixed embedment = 36.5.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 20.5 20.5 0.0 15.7 5.1

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 13.50 0.50

 

PASSIVE SPACING: Z depth Spacing

1 13.50 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 2.7 0.17 0.064

2 2.7 0.17 3.0 0.15 -0.055

3 3.0 0.15 3.4 0.13 -0.085

4 3.4 0.13 3.7 0.13 0.026

5 3.7 0.13 4.1 0.15 0.047

6 4.1 0.15 4.4 0.17 0.044



7 4.4 0.17 4.7 0.18 0.043

8 4.7 0.18 6.4 0.25 0.042

9 6.4 0.25 6.8 0.26 0.040

10 6.8 0.26 7.4 0.29 0.042

11 7.4 0.29 8.4 0.33 0.040

12 8.4 0.33 8.8 0.42 0.260

13 8.8 0.42 9.1 0.55 0.388

14 9.1 0.55 9.4 0.61 0.168

15 9.4 0.61 11.1 0.67 0.036

16 11.1 0.67 11.5 0.59 -0.226

17 11.5 0.59 11.8 0.46 -0.380

18 11.8 0.46 12.1 0.42 -0.128

19 12.1 0.42 12.5 0.43 0.023

20 12.5 0.43 12.8 0.44 0.026

21 12.8 0.44 13.2 0.45 0.027

22 13.2 0.45 13.5 0.45 0.024

23 13.5 0.45 14.5 0.48 0.023

24 14.5 0.48 15.2 0.50 0.026

25 15.2 0.50 17.9 0.56 0.024

26 17.9 0.56 18.6 0.58 0.026

27 18.6 0.58 26.0 0.76 0.024

28 26.0 0.75 26.3 0.76 0.026

29 26.3 0.76 31.4 0.89 0.025

30 31.4 0.88 31.7 0.95 0.181

31 31.7 0.95 32.1 1.07 0.369

32 32.1 1.07 32.4 1.02 -0.135

33 32.4 1.02 32.7 0.92 -0.322

34 32.7 0.92 37.1 1.02 0.024

35 37.1 1.02 37.5 1.32 0.888

36 37.5 1.32 37.8 1.66 0.996

37 37.8 1.66 38.1 1.70 0.131

38 38.1 1.70 38.8 1.73 0.045

39 38.8 1.73 40.5 1.77 0.024

40 40.5 1.77 40.8 1.78 0.038

41 40.8 1.78 41.2 1.80 0.046

42 41.2 1.80 41.5 1.81 0.032

43 41.5 1.81 41.7 1.86 0.025

44 1040.7 1.86 1040.7 1.87 0.023

45 1040.7 1.87 1040.7 1.88 0.021

46 1040.7 1.88 1040.7 1.89 0.026

47 1040.7 1.89 1040.7 1.90 0.029

48 1040.7 1.90 1040.7 1.91 0.024

49 1040.7 1.91 1040.7 1.98 0.021

50 1040.7 1.98 1040.7 2.00 0.022

51 1040.7 2.00 1040.7 2.08 0.023

52 1040.7 2.08 1040.7 2.11 0.035

53 1040.7 2.11 1040.7 2.15 0.022

54 1040.7 2.15 1040.7 2.31 0.023

55 1040.7 2.31 1040.7 2.32 0.034

56 1040.7 2.32 1040.7 2.34 0.038

57 1040.7 2.34 1040.7 2.35 0.028

58 1040.7 2.35 1040.7 2.44 0.024

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 13.50 0.00 28.68 0.52 0.0345

2 28.68 0.52 29.02 0.70 0.5293

3 29.02 0.70 29.36 0.72 0.0558

4 29.36 0.72 29.70 0.57 -0.4374



5 29.70 0.57 30.03 0.65 0.2142

6 30.03 0.65 30.37 0.78 0.4089

7 30.37 0.78 30.71 0.75 -0.1092

8 30.71 0.75 31.05 0.69 -0.1773

9 31.05 0.69 31.38 0.80 0.3192

10 31.38 0.80 31.72 0.83 0.0946

11 31.72 0.83 32.06 0.79 -0.1088

12 32.06 0.79 32.40 0.82 0.0949

13 32.40 0.82 32.73 0.90 0.2280

14 32.73 0.90 33.07 0.88 -0.0514

15 33.07 0.88 33.41 0.86 -0.0547

16 33.41 0.86 33.75 0.93 0.2002

17 33.75 0.93 34.08 0.96 0.0974

18 34.08 0.96 34.42 0.95 -0.0373

19 34.42 0.95 34.76 0.97 0.0509

20 34.76 0.97 35.10 1.03 0.1710

21 35.10 1.03 35.43 1.04 0.0370

22 35.43 1.04 35.77 1.03 -0.0246

23 35.77 1.03 36.11 1.06 0.0997

24 36.11 1.06 36.45 1.12 0.1517

25 36.45 1.12 36.78 1.12 0.0188

26 36.78 1.12 37.12 1.12 -0.0138

27 37.12 1.12 37.46 1.15 0.1123

28 37.46 1.15 37.80 1.20 0.1381

29 37.80 1.20 38.13 1.21 0.0296

30 38.13 1.21 38.47 1.21 -0.0047

31 38.47 1.21 38.81 1.24 0.0988

32 38.81 1.24 39.15 1.29 0.1280

33 39.15 1.29 39.48 1.31 0.0628

34 39.48 1.31 39.82 1.31 0.0032

35 39.82 1.31 40.16 1.33 0.0645

36 40.16 1.33 40.50 1.37 0.1202

37 40.50 1.37 40.83 1.41 0.1149

38 40.83 1.41 41.17 1.41 0.0102

39 41.17 1.41 41.51 1.42 0.0125

40 41.51 1.42 41.67 1.49 0.1142

41 1040.67 1.49 1040.67 1.52 0.0861

42 1040.67 1.52 1040.67 1.53 0.0140

43 1040.67 1.53 1040.67 1.54 0.0396

44 1040.67 1.54 1040.67 1.62 0.1093

45 1040.67 1.62 1040.67 1.65 0.0924

46 1040.67 1.65 1040.67 1.65 0.0182

47 1040.67 1.65 1040.67 1.66 0.0331

48 1040.67 1.66 1040.67 1.77 0.1054

49 1040.67 1.77 1040.67 1.79 0.0480

50 1040.67 1.79 1040.67 1.79 0.0209

51 1040.67 1.79 1040.67 1.82 0.0767

52 1040.67 1.82 1040.67 1.92 0.1021

53 1040.67 1.92 1040.67 1.94 0.0479

54 1040.67 1.94 1040.67 1.95 0.0244

55 1040.67 1.95 1040.67 1.97 0.0773

56 1040.67 1.97 1040.67 2.07 0.0995

57 1040.67 2.07 1040.67 2.11 0.0906

58 1040.67 2.11 1040.67 2.11 0.0283

59 1040.67 2.11 1040.67 2.13 0.0361

60 1040.67 2.13 1040.67 2.29 0.0973

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in



Kinnickinnic River  - Section 12 Min. Passing Geometry Drained High Water

<ShoringSuite>   CIVILTECH SOFTWARE  USA   www.civiltechsoftware.com

F
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Licensed to   Geotechnical User     Barr Engineering Company

Date: 10/17/2006             File Name: 

Wall Height=13.5 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=13.77,     Pile Length=27.27

MOMENT IN PILE: Max. Moment=59.41  per Pile Spacing=6.0  at Depth=10.99

 

VERTICAL BEARING CAPACITY: Vertical Loading=5.4,    Resistance=32.4,    Vertical Factor of Safety=6.01

 

SYSTEM FACTOR OF SAFETY (Approximate)=2.65

The request embedment is 13.8, the user input fixed embedment = 36.5.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 11.6 11.6 0.0 13.8 2.9

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 13.50 0.50

 

PASSIVE SPACING: Z depth Spacing

1 13.50 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 2.7 0.09 0.033

2 2.7 0.09 3.0 0.10 0.044

3 3.0 0.10 3.4 0.12 0.049

4 3.4 0.12 3.7 0.14 0.042

5 3.7 0.14 4.7 0.17 0.040

6 4.7 0.17 5.1 0.19 0.037



7 5.1 0.19 5.4 0.20 0.029

8 5.4 0.20 8.4 0.27 0.024

9 8.4 0.27 8.8 0.27 0.004

10 8.8 0.27 9.1 0.27 -0.010

11 9.1 0.27 9.4 0.27 0.006

12 9.4 0.27 11.1 0.30 0.017

13 11.1 0.30 11.5 0.31 0.040

14 11.5 0.31 11.8 0.33 0.056

15 11.8 0.33 12.1 0.34 0.036

16 12.1 0.34 13.5 0.38 0.024

17 13.5 0.38 27.3 0.80 0.024

18 1026.3 0.80 1026.3 0.81 0.008

19 1026.3 0.81 1026.3 0.80 -0.014

20 1026.3 0.80 1026.3 0.81 0.038

21 1026.3 0.81 1026.3 0.83 0.059

22 1026.3 0.83 1026.3 0.94 0.024

23 1026.3 0.94 1026.3 0.91 -0.067

24 1026.3 0.91 1026.3 0.89 -0.083

25 1026.3 0.89 1026.3 0.89 0.003

26 1026.3 0.89 1026.3 0.90 0.014

27 1026.3 0.90 1026.3 0.91 0.017

28 1026.3 0.91 1026.3 1.07 0.014

29 1026.3 1.07 1026.3 1.08 0.013

30 1026.3 1.08 1026.3 1.18 0.012

31 1026.3 1.18 1026.3 1.19 0.019

32 1026.3 1.19 1026.3 1.28 0.013

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope

1 13.50 0.00 27.27 1.83 0.0935

2 1026.27 1.83 1026.27 1.86 0.1006

3 1026.27 1.86 1026.27 1.93 0.1896

4 1026.27 1.93 1026.27 1.96 0.0898

5 1026.27 1.96 1026.27 1.97 0.0236

6 1026.27 1.97 1026.27 2.05 0.2384

7 1026.27 2.05 1026.27 2.11 0.1818

8 1026.27 2.11 1026.27 2.11 -0.0002

9 1026.27 2.11 1026.27 2.16 0.1473

10 1026.27 2.16 1026.27 2.27 0.3221

11 1026.27 2.27 1026.27 2.27 0.0201

12 1026.27 2.27 1026.27 2.27 0.0009

13 1026.27 2.27 1026.27 2.37 0.2902

14 1026.27 2.37 1026.27 2.45 0.2387

15 1026.27 2.45 1026.27 2.46 0.0186

16 1026.27 2.46 1026.27 2.48 0.0649

17 1026.27 2.48 1026.27 2.57 0.2745

18 1026.27 2.57 1026.27 2.66 0.2501

19 1026.27 2.66 1026.27 2.67 0.0260

20 1026.27 2.67 1026.27 2.68 0.0421

21 1026.27 2.68 1026.27 2.86 0.2580

22 1026.27 2.86 1026.27 2.90 0.1301

23 1026.27 2.90 1026.27 2.91 0.0289

24 1026.27 2.91 1026.27 2.96 0.1504

25 1026.27 2.96 1026.27 3.12 0.2450

26 1026.27 3.12 1026.27 3.17 0.1392

27 1026.27 3.17 1026.27 3.18 0.0360

28 1026.27 3.18 1026.27 3.23 0.1366

29 1026.27 3.23 1026.27 3.47 0.2347

30 1026.27 3.47 1026.27 3.50 0.0867



31 1026.27 3.50 1026.27 3.51 0.0417

32 1026.27 3.51 1026.27 3.57 0.1854

33 1026.27 3.57 1026.27 3.80 0.2263

34 1026.27 3.80 1026.27 3.87 0.2012

35 1026.27 3.87 1026.27 3.89 0.0512

36 1026.27 3.89 1026.27 3.91 0.0730

37 1026.27 3.91 1026.27 4.28 0.2196

38 1026.27 4.28 1026.27 4.34 0.1773

39 1026.27 4.34 1026.27 4.36 0.0586

40 1026.27 4.36 1026.27 4.39 0.0982

41 1026.27 4.39 1026.27 4.90 0.2143

42 1026.27 4.90 1026.27 4.95 0.1292

43 1026.27 4.95 1026.27 4.97 0.0667

44 1026.27 4.97 1026.27 5.02 0.1497

45 1026.27 5.02 1026.27 5.66 0.2101

46 1026.27 5.66 1026.27 5.72 0.1970

47 1026.27 5.72 1026.27 5.75 0.0780

48 1026.27 5.75 1026.27 5.78 0.0895

49 1026.27 5.78 1026.27 6.83 0.2069

50 1026.27 6.83 1026.27 6.86 0.1141

51 1026.27 6.86 1026.27 6.90 0.0898

52 1026.27 6.90 1026.27 6.96 0.1814

53 1026.27 6.96 1026.27 7.85 0.2045

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in



Kinnickinnic River  - Section 12 Min. Passing Geometry Undrained High Water

<ShoringSuite>   CIVILTECH SOFTWARE  USA   www.civiltechsoftware.com
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Licensed to   Geotechnical User     Barr Engineering Company

Date: 10/17/2006             File Name: 

Wall Height=13.5 Pile Diameter=0.5 Pile Spacing=6.0       Wall Type: 2. Soldier Pile, Drilled

 

PILE LENGTH: Embedment=25.45,     Pile Length=38.95

MOMENT IN PILE: Max. Moment=102.46  per Pile Spacing=6.0  at Depth=11.65

 

VERTICAL BEARING CAPACITY: Vertical Loading=5.4,    Resistance=50.8,    Vertical Factor of Safety=9.40

 

SYSTEM FACTOR OF SAFETY (Approximate)=1.43

The request embedment is 25.4, the user input fixed embedment = 36.5.

BRACE FORCE: Strut, Tieback, Plate Anchor, and Deadman

No. & Type Depth Angle Total F. Horiz. F. Vert. F. L_free Anchor Height

1. Deadman 2.0 0.0 17.6 17.6 0.0 15.1 4.4

UNITS:   Width/Diameter/Spacing/Length/Depth/Height - ft, Force - kip, Bond Strength/Pressure - ksf

 

ACTIVE SPACING: Z depth Spacing

1 0.00 6.00

2 13.50 0.50

 

PASSIVE SPACING: Z depth Spacing

1 13.50 1.00

 

ACTIVE PRESSURES (ACTIVE, WATER, & SURCHARGE):

No. Z1 P1 Z2 P2 Slope

1 0.0 0.00 2.7 0.17 0.064

2 2.7 0.17 3.0 0.15 -0.055

3 3.0 0.15 3.4 0.13 -0.085

4 3.4 0.13 3.7 0.13 0.026

5 3.7 0.13 4.1 0.15 0.047

6 4.1 0.15 4.4 0.17 0.044



7 4.4 0.17 4.7 0.18 0.043

8 4.7 0.18 5.1 0.19 0.039

9 5.1 0.19 5.4 0.20 0.031

10 5.4 0.20 6.4 0.23 0.025

11 6.4 0.23 7.1 0.24 0.024

12 7.1 0.24 7.8 0.26 0.025

13 7.8 0.26 8.4 0.28 0.024

14 8.4 0.28 8.8 0.34 0.199

15 8.8 0.34 9.1 0.45 0.307

16 9.1 0.45 9.4 0.49 0.137

17 9.4 0.49 10.8 0.54 0.036

18 10.8 0.54 11.1 0.55 0.034

19 11.1 0.55 11.5 0.49 -0.180

20 11.5 0.49 11.8 0.39 -0.308

21 11.8 0.39 12.1 0.36 -0.100

22 12.1 0.36 13.2 0.38 0.023

23 13.2 0.38 13.5 0.39 0.026

24 13.5 0.39 13.8 0.40 0.026

25 13.8 0.40 15.5 0.44 0.023

26 15.5 0.44 15.9 0.44 0.025

27 15.9 0.44 16.2 0.45 0.026

28 16.2 0.45 16.5 0.46 0.025

29 16.5 0.46 20.3 0.55 0.024

30 20.3 0.55 20.9 0.57 0.026

31 20.9 0.57 31.4 0.82 0.024

32 31.4 0.82 31.7 0.88 0.172

33 31.7 0.88 32.1 0.99 0.348

34 32.1 0.99 32.4 0.95 -0.125

35 32.4 0.95 32.7 0.85 -0.302

36 32.7 0.85 34.1 0.88 0.024

37 34.1 0.88 34.8 0.90 0.026

38 34.8 0.90 37.1 0.95 0.024

39 37.1 0.95 37.5 1.23 0.827

40 37.5 1.23 37.8 1.55 0.946

41 37.8 1.55 38.1 1.60 0.143

42 38.1 1.60 38.9 1.63 0.024

43 1037.9 1.63 1037.9 1.64 0.028

44 1037.9 1.64 1037.9 1.66 0.045

45 1037.9 1.66 1037.9 1.67 0.041

46 1037.9 1.67 1037.9 1.71 0.025

47 1037.9 1.71 1037.9 1.72 0.026

48 1037.9 1.72 1037.9 1.74 0.038

49 1037.9 1.74 1037.9 1.75 0.035

50 1037.9 1.75 1037.9 1.87 0.020

51 1037.9 1.87 1037.9 1.88 0.022

52 1037.9 1.88 1037.9 1.93 0.023

53 1037.9 1.93 1037.9 1.94 0.033

54 1037.9 1.94 1037.9 1.95 0.036

55 1037.9 1.95 1037.9 1.96 0.026

56 1037.9 1.96 1037.9 1.98 0.024

57 1037.9 1.98 1037.9 2.04 0.022

58 1037.9 2.04 1037.9 2.15 0.023

59 1037.9 2.16 1037.9 2.17 0.035

60 1037.9 2.17 1037.9 2.18 0.037

61 1037.9 2.18 1037.9 2.19 0.026

62 1037.9 2.19 1037.9 2.32 0.024

 

PASSIVE PRESSURES:

No. Z1 P1 Z2 P2 Slope



1 13.50 0.00 28.69 0.52 0.0345

2 28.69 0.52 29.02 0.70 0.5293

3 29.02 0.70 29.36 0.72 0.0558

4 29.36 0.72 29.70 0.57 -0.4374

5 29.70 0.57 30.04 0.65 0.2142

6 30.04 0.65 30.38 0.78 0.4089

7 30.38 0.78 30.71 0.75 -0.1092

8 30.71 0.75 31.05 0.69 -0.1773

9 31.05 0.69 31.39 0.80 0.3192

10 31.39 0.80 31.73 0.83 0.0946

11 31.73 0.83 32.06 0.79 -0.1088

12 32.06 0.79 32.40 0.82 0.0949

13 32.40 0.82 32.74 0.90 0.2280

14 32.74 0.90 33.08 0.88 -0.0514

15 33.08 0.88 33.41 0.86 -0.0547

16 33.41 0.86 33.75 0.93 0.2002

17 33.75 0.93 34.09 0.96 0.0974

18 34.09 0.96 34.42 0.95 -0.0373

19 34.42 0.95 34.76 0.97 0.0509

20 34.76 0.97 35.10 1.03 0.1710

21 35.10 1.03 35.44 1.04 0.0370

22 35.44 1.04 35.78 1.03 -0.0246

23 35.78 1.03 36.11 1.06 0.0997

24 36.11 1.06 36.45 1.12 0.1517

25 36.45 1.12 36.79 1.12 0.0188

26 36.79 1.12 37.13 1.12 -0.0138

27 37.13 1.12 37.46 1.15 0.1123

28 37.46 1.15 37.80 1.20 0.1381

29 37.80 1.20 38.14 1.21 0.0296

30 38.14 1.21 38.47 1.21 -0.0047

31 38.47 1.21 38.81 1.24 0.0988

32 38.81 1.24 38.95 1.29 0.1280

33 1037.95 1.29 1037.95 1.31 0.0628

34 1037.95 1.31 1037.95 1.31 0.0032

35 1037.95 1.31 1037.95 1.33 0.0645

36 1037.95 1.33 1037.95 1.37 0.1202

37 1037.95 1.37 1037.95 1.41 0.1149

38 1037.95 1.41 1037.95 1.41 0.0102

39 1037.95 1.41 1037.95 1.42 0.0125

40 1037.95 1.42 1037.95 1.49 0.1142

41 1037.95 1.49 1037.95 1.52 0.0861

42 1037.95 1.52 1037.95 1.53 0.0140

43 1037.95 1.53 1037.95 1.54 0.0396

44 1037.95 1.54 1037.95 1.62 0.1093

45 1037.95 1.62 1037.95 1.65 0.0924

46 1037.95 1.65 1037.95 1.65 0.0182

47 1037.95 1.65 1037.95 1.66 0.0331

48 1037.95 1.66 1037.95 1.77 0.1054

49 1037.95 1.77 1037.95 1.79 0.0480

50 1037.95 1.79 1037.95 1.79 0.0209

51 1037.95 1.79 1037.95 1.82 0.0767

52 1037.95 1.82 1037.95 1.92 0.1021

53 1037.95 1.92 1037.95 1.94 0.0479

54 1037.95 1.94 1037.95 1.95 0.0244

55 1037.95 1.95 1037.95 1.97 0.0773

56 1037.95 1.97 1037.95 2.07 0.0995

57 1037.95 2.07 1037.95 2.11 0.0906

58 1037.95 2.11 1037.95 2.11 0.0283

59 1037.95 2.11 1037.95 2.13 0.0361



60 1037.95 2.13 1037.95 2.29 0.0973

UNITS:   Width/Spacing/Diameter/Length/Depth - ft, Force - kip, Moment - kip-ft,

UNITS:   Friction/Bearing/Pressure - ksf, Pres. Slope - kip/ft3, Deflection - in

























  

 

 

Appendix C – Concrete Wall Calculations 

Barr Engineering Co. 
Slope and Wall Stability Analysis Report, Revision 1 January 2008 

  



  

Note: 
Wall elevations used in these calculations are in NGVD29. 

 

IGLD85 = NGVD29 – 0.53 ft 

Barr Engineering Co. 
Slope and Wall Stability Analysis Report, Revision 1 January 2008 

  



















  

 

 

Appendix D – Steel Sheet Pile Record Drawings 

Barr Engineering Co. 
Slope and Wall Stability Analysis Report, Revision 1 January 2008 

  











  

 

 

Appendix E – Steel Sheet Pile Wall Calculations 

Barr Engineering Co. 
Slope and Wall Stability Analysis Report, Revision 1 January 2008 

  



  

Note: 
Sheet pile wall elevations and geometric descriptions used 

in these calculations are in NGVD29. 

 

IGLD85 = NGVD29 – 0.53 ft 

 

Barr Engineering Co. 
Slope and Wall Stability Analysis Report, Revision 1 January 2008 

  



Summary of CWALSHT Analyses for Kinnickinnic SSP River Wall Global Stability

Geophysical 

Study

Permit 

Drawings

432 1 33 NA 2.0 1.3 29.68 27.41

429 2 30 34 2.0 1.3 21.45 13.81

433 3 30 46 2.0 1.3 25.09 22.67

433 6 30 25 2.0 1.3 22.14 19.84

440 14 NA NA 2.0 1.3 29.63 24.85

Notes:

1. Free earth analysis results presented.

3. Once geometry set with undrained conditions, the sections were checked for drained conditions with passive FS = 2.0.

4. Wall adhesion for cohesive layers not included as results were non-conservative and unrealistic.

6. Design lengths less than geophysical study documented lengths means wall condition is globally stable.

5. For example of results with wall adhesion included see CWALSHT output file included in computations Appendix E labelled 

"Example section w/ adhesion included."

Parcel 

Number

Section 

No. 

Wall Length (ft)

2. Iterations completed in 0.5 foot bench elevation increments until computed design length was less than actual length in 

undrained condition.

Drained 

Design 

Passive 

(FS)

Design 

Length 

Undrained 

(ft)

Undrained 

Design 

Passive 

(FS)

Design 

Length 

Drained(ft)



 
 

 
 

CWALSHT  
D E S I G N  M O D E   

F O R  S S P L E N G T H   

U N D R A I N E D  C O N D I T I O N  
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F O R  S S P L E N G T H   
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E X A M P L E  S E C T I O N   

W I T H  A D H E S I O N  I N C L U D E D  

 
 













 
 

 
 

CWALSHT  
A N A LY S I S  M O D E  R E S U LT S   

F O R  M E M B E R  S T R E S S E S  

 



Summary Table of CWALSHT Member Forces

432 1 33085 28304 18645 22406 NA NA NA NA

429 2 701 1924 972 2673 906 1221 987 1375

433 3 15905** 9357 12668 9047 3147* 2325 2764 2289

433 6 1458 3075 2399 4292 284 855 419 1034

440 14 8333 23461 8333 23037 NA NA NA NA

* Section 3 revised elevation of bench in order to reduce anchor force due to overstressing. Bench raised 1.50 feet and anchor force reduced to 3kips.
** Moment also reduced to 14950.

SSP Wall Moments Anchor Forces

Undrained 
Design 

Mode SSP 
Moment     
(ft-lbs/ft)

Drained 
Design 

Mode SSP 
Moment    
(ft-lbs/ft)

Undrained 
Analysis 

Mode 
Anchor 

Force (lbs/ft)

Drained 
Analysis 

Mode Anchor 
Force (lbs/ft)

Analysis of SSP bending stress, wale bending stress, and tie rod tensile stress normally analyzed using CWALSHT analysis mode and passive FS = 1.0. 
However, for the soil conditions encountered at KK River CWALSHT would not run for certain conditions using the field determined pile lengths. Therefore, 
the above table was created of all CWALSHT results in order to get a range of forces and moments. The maximum forces and moments were then used for 
analysis. This was done to ensure conservatism in the analysis. The range of values generally finds the members meet the required stress values except for 
Section 3 which was revised as mentioned above. Because the results are not precise and under this scope of work a more detailed analysis software will 
not be used, engineering judgement must be used to evaluate results. All but one of the results indicates the SSP, wale, and tie rod stresses are 
significantly below allowable stresses. For Section 3 the tie rod tensile stress is about equal to the allowable stress. Based on the numerous runs of various 
conditions, it is our judgement that the wall members will not be overstressed for the revised geometries presented.

Parcel 
Number

Section 
No. 

Undrained 
Analysis 

Mode SSP 
Moment   (ft-

lbs/ft)

Drained 
Analysis Mode 
SSP Moment   

(ft-lbs/ft)

Undrained 
Design 
Mode 

Anchor 
Force 
(lbs/ft)

Drained 
Design Mode 
Anchor Force 

(lbs/ft)

















































































































 
 

 
 

SSP WALL 
I N D I V I D U A L M E M B E R  

S T R E S S E S  

 

 









 
 

 
 

D E A D M A N  A N A LY S E S  

 
 









 
 
 

Deep-Seated Failure Analysis of Steel Sheet Pile Walls 
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2.70

River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 8, Proposed (Modified), Long-Term (Drained)
File Name: Kinnickinnic_Sec1_Proposed_Mod_Drained.gsz 
Last Saved Date: 12/13/2006
Factor of Safety: 2.70

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 0
Phi: 33
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: MohrCoulomb
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Section 2, Proposed (Modified), End-of-Construction (Undrained)
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Kinnickinnic River Dredging Stability Analysis
Section 6, Proposed (Modified), Long-Term (Drained)
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Appendix F – Timber Pile Fence Record Drawings 

Barr Engineering Co. 
Slope and Wall Stability Analysis Report, Revision 1 January 2008 

  















  

 

 

Appendix G – Timber Pile Fence Calculations 

Barr Engineering Co. 
Slope and Wall Stability Analysis Report, Revision 1 January 2008 

  



  

Note: 
Timber pile fence elevations used in these calculations are 

in NGVD29. 

 

IGLD85 = NGVD29 – 0.53 ft 

 

Barr Engineering Co. 
Slope and Wall Stability Analysis Report, Revision 1 January 2008 
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Barr Engineering Company
Figure 1

Kinnickinnic River Stability Analysis
Sec. 16, 70' pile - 14", initial, NLW
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Figure 2

Kinnickinnic River Stability Analysis
Sec. 16, 70' pile - 14", drained, NLW



Depth (Zp)
from
Pile Top-ft

Elevation
from
Pile Top-ft

0 584

15 569

30 554

45 539

60 524

75 509

90 494

Ground

Tip yt=-1.55E-11 Top yt=5.09E+0
Max. yt=5.09E+0
Top St=-2.06E-2

0-10.00 +10.00

yt=0 at 30.4-ft

St=0 at 33.8-ft

Top Moment=0.0
Max.  Moment=23.6

0-50 +50

Top Shear=0.9
Max.  Shear=3.8

0-5 +5

γ φ-lb/f3 C-kp/f2 k-lb/i3 e50 %

12480 0.0 .001 .001 .001
Water

E -kp/i2=1600

I'-in4=1867

40.5 0.0 0.25 8.3 4.81
Organic Silt

E -kp/i2=1600

I'-in4=1867

65.5 28.0 0.00 13.8
Sand

E -kp/i2=1600

I'-in4=1867

64.3 0.0 0.75 227.3 0.99
Till

E -kp/i2=1600

I'-in4=1867

DEFLECTION, yt -in MOMENT -kp-f SHEAR -kp

Single Pile, Khead=2, Kbc=1
PILE DEFLECTION & FORCE vs DEPTH

ALL-PILE Version 6             CivilTech Software             www.civiltech.com                      Licensed to        

Barr Engineering Company
Figure 3

Kinnickinnic River Stability Analysis
Sec. 16, 70' pile - 14", undrained, NLW
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Figure 4

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 14" - 6 deg, initial, NLW
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Figure 5

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 14" - 6 deg, drained, NLW
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Figure 6

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 14" - 6 deg, undrained, NLW
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Figure 7

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 14" - 12 deg, initial, NLW
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Figure 8

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 14" 12 deg, drained, NLW



Depth (Zp)
from
Pile Top-ft

Elevation
from
Pile Top-ft

0 584

15 569

30 554

45 539

60 524

75 509

90 494

Ground

Tip yt=-7.97E-11 Top yt=3.01E+0
Max. yt=3.01E+0
Top St=-1.63E-2

0-5.00 +5.00

yt=0 at 23.3-ft

St=0 at 26.2-ft

Top Moment=0.0
Max.  Moment=23.4

0-50 +50

Top Shear=1.3
Max.  Shear=3.9

0-5 +5

γ φ-lb/f3 C-kp/f2 k-lb/i3 e50 %

6864 0.0 .001 .001 .001
Water

E -kp/i2=1600

I'-in4=1867

40.5 0.0 0.25 8.3 4.81
Organic Silt

E -kp/i2=1600

I'-in4=1867

65.5 28.0 0.00 13.8
Sand

E -kp/i2=1600

I'-in4=1867

64.3 0.0 0.75 227.3 0.99
Till

E -kp/i2=1600

I'-in4=1867

DEFLECTION, yt -in MOMENT -kp-f SHEAR -kp

Single Pile, Khead=2, Kbc=1
PILE DEFLECTION & FORCE vs DEPTH

ALL-PILE Version 6             CivilTech Software             www.civiltech.com                      Licensed to        

Barr Engineering Company
Figure 9

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 14" - 12 deg, undrained, NLW
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Figure 10

Kinnickinnic River Stability Analysis
Sec. 16, 70' pile - 7", initial, NLW
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Figure 11

Kinnickinnic River Stability Analysis
Sec. 16, 70' pile - 7", drained, NLW
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Figure 12

Kinnickinnic River Stability Analysis
Sec. 16, 70' pile - 7", undrained, NLW
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Figure 13

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 7" - 6 deg, initial, NLW
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Figure 14

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 7" - 6 deg, drained, NLW
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Figure 15

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 7" - 6 deg, undrained, NLW
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Figure 16

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 7" - 12 deg, initial, NLW
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Figure 17

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 7" 12 deg, drained, NLW
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Figure 18

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 7" - 12 deg, undrained, NLW
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Figure 19

Kinnickinnic River Stability Analysis
Sec. 16, 70' pile - 14", initial, NHWM
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Figure 20

Kinnickinnic River Stability Analysis
Sec. 16, 70' pile - 14", drained, NHWM
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Figure 21

Kinnickinnic River Stability Analysis
Sec. 16, 70' pile - 14", undrained, NHWM



Depth (Zp)
from
Pile Top-ft

Elevation
from
Pile Top-ft

0 584

15 569

30 554

45 539

60 524

75 509

90 494

Ground

Tip yt=1.26E-1 Top yt=4.3E+0
Max. yt=4.3E+0
Top St=-2.02E-2

0-5.00 +5.00

yt=0 at 27.5-ft

St=0 at 31.2-ft

Top Moment=0.0
Max.  Moment=23.3

0-50 +50

Top Shear=1.3
Max.  Shear=2.4

0-5 +5

γ φ-lb/f3 C-kp/f2 k-lb/i3 e50 %

9360 0.0 .001 .001 .001
Water

E -kp/i2=1600

I'-in4=1867

40.5 30.0 0.00 8.3 4.81
Organic Silt

E -kp/i2=1600

I'-in4=1867

65.5 28.0 0.00 13.8
Sand

E -kp/i2=1600

I'-in4=1867

64.3 33 0 227.3 0.99
Till

E -kp/i2=1600

I'-in4=1867

DEFLECTION, yt -in MOMENT -kp-f SHEAR -kp

Single Pile, Khead=2, Kbc=1
PILE DEFLECTION & FORCE vs DEPTH

ALL-PILE Version 6             CivilTech Software             www.civiltech.com                      Licensed to        

Barr Engineering Company
Figure 22

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 14" - 6 deg, initial, NHWM
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Figure 23

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 14" - 6 deg, drained, NHWM
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Figure 24

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 14" - 6 deg, undrained, NHWM
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Figure 25

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 14" - 12 deg, initial, NHWM



Depth (Zp)
from
Pile Top-ft

Elevation
from
Pile Top-ft

0 584

15 569

30 554

45 539

60 524

75 509

90 494

Ground

Tip yt=6.94E-2 Top yt=3.31E+0
Max. yt=3.31E+0
Top St=-1.74E-2

0-5.00 +5.00

yt=0 at 24.0-ft

St=0 at 27.6-ft

Top Moment=0.0
Max.  Moment=23.4

0-50 +50

Top Shear=1.3
Max.  Shear=3.3

0-5 +5

γ φ-lb/f3 C-kp/f2 k-lb/i3 e50 %

9360 0.0 .001 .001 .001
Water

E -kp/i2=1600

I'-in4=1867

40.5 30.0 0.00 8.3 4.81
Organic Silt

E -kp/i2=1600

I'-in4=1867

65.5 28.0 0.00 13.8
Sand

E -kp/i2=1600

I'-in4=1867

64.3 33 0 227.3 0.99
Till

E -kp/i2=1600

I'-in4=1867

DEFLECTION, yt -in MOMENT -kp-f SHEAR -kp

Single Pile, Khead=2, Kbc=1
PILE DEFLECTION & FORCE vs DEPTH

ALL-PILE Version 6             CivilTech Software             www.civiltech.com                      Licensed to        

Barr Engineering Company
Figure 26

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 14" 12 deg, drained, NHWM
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Figure 27

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 14" - 12 deg, undrained, NHWM
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Figure 28

Kinnickinnic River Stability Analysis
Sec. 16, 70' pile - 7", initial, NHWM
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Figure 29

Kinnickinnic River Stability Analysis
Sec. 16, 70' pile - 7", drained, NHWM
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Figure 30

Kinnickinnic River Stability Analysis
Sec. 16, 70' pile - 7", undrained, NHWM
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Figure 31

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 7" - 6 deg, initial, NHWM
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Figure 32

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 7" - 6 deg, drained, NHWM
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Figure 33

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 7" - 6 deg, undrained, NHWM
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Figure 34

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 7" - 12 deg, initial, NHWM
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Figure 35

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 7" 12 deg, drained, NHWM
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Figure 36

Kinnickinnic River Stability Analysis
Sec. 16, 65' pile - 7" - 12 deg, undrained, NHWM



  

 

 

Appendix H – Bridge Abutment Record Drawings 
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Appendix I – Unprotected Riverbank Calculations 
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 15, Existing, Long-Term (Drained)
File Name: Kinnickinnic_Sec15_Existing_Drained.gsz 
Last Saved Date: 10/16/2006
Factor of Safety: 1.65

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 0
Phi: 33
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: MohrCoulomb
Wt: 112
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 102

Description: Bedrock
Model: Bedrock

Description: Peat
Model: MohrCoulomb
Wt: 80
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 50

Description: Organic Silt
Model: MohrCoulomb
Wt: 103
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 93

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 15, Existing, End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec15_Existing_Undrained.gsz 
Last Saved Date: 11/29/2006
Factor of Safety: 1.40

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 750
Phi: 0
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: SFnOverburden
Wt: 112
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 102
Minimum Strength: 250

Description: Bedrock
Model: Bedrock

Description: Peat
Model: SFnOverburden
Wt: 80
Tau/Sigma Ratio: 0.5
Unit Wt. Above WT: 50
Minimum Strength: 0

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250

Description: Sand
Model: Bedrock

Horizontal Distance (ft)
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 4, Proposed, Long-Term (Drained)
File Name: Kinnickinnic_Sec4_Proposed_Drained.gsz 
Last Saved Date: 10/16/2006
Factor of Safety: 1.64

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Organic Silt
Model: MohrCoulomb
Wt: 103
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 93

Description: Water
Model: NoStrength
Wt: 62.4

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117

Description: Bedrock
Model: Bedrock

Horizontal Distance (ft)
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 4, Proposed, End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec4_Proposed_Undrained.gsz 
Last Saved Date: 10/16/2006
Factor of Safety: 1.18

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250

Description: Water
Model: NoStrength
Wt: 62.4

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117

Description: Bedrock
Model: Bedrock

Horizontal Distance (ft)
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 5, Proposed, Long-Term (Drained)
File Name: Kinnickinnic_Sec5_Proposed_Drained_WithChannel.gsz 
Last Saved Date: 12/8/2006
Factor of Safety: 1.06

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Organic Silt
Model: MohrCoulomb
Wt: 103
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 93

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: MohrCoulomb
Wt: 112
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 102

Description: Bedrock
Model: Bedrock

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117

Timber Wall
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 5, Proposed, End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec5_Proposed_Undrained_WithChannel.gsz 
Last Saved Date: 12/8/2006
Factor of Safety: 0.91

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: SFnOverburden
Wt: 112
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 102
Minimum Strength: 250

Description: Bedrock
Model: Bedrock

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117

Timber Wall

Horizontal Distance (ft)
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 8, Proposed, Long-Term (Drained)
File Name: Kinnickinnic_Sec8_Proposed_Drained.gsz 
Last Saved Date: 10/16/2006
Factor of Safety: 1.05

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 0
Phi: 33
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: MohrCoulomb
Wt: 112
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 102

Description: Bedrock
Model: Bedrock

Description: Organic Silt
Model: MohrCoulomb
Wt: 103
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 93

Horizontal Distance (ft)
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 8, Proposed, End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec8_Proposed_Undrained.gsz 
Last Saved Date: 10/16/2006
Factor of Safety: 0.89

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 310
Phi: 0
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: SFnOverburden
Wt: 112
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 102
Minimum Strength: 250

Description: Bedrock
Model: Bedrock

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250

Horizontal Distance (ft)
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 13, Proposed, Long-Term (Drained)
File Name: Kinnickinnic_Sec13_Proposed_Drained.gsz 
Last Saved Date: 10/16/2006
Factor of Safety: 1.13

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 0
Phi: 33
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: MohrCoulomb
Wt: 112
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 102

Description: Bedrock
Model: Bedrock

Description: Peat
Model: MohrCoulomb
Wt: 80
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 50

Description: Organic Silt
Model: MohrCoulomb
Wt: 103
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 93

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117

Horizontal Distance (ft)
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 13, Proposed, End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec13_Proposed_Undrained.gsz 
Last Saved Date: 11/29/2006
Factor of Safety: 1.08

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 750
Phi: 0
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: SFnOverburden
Wt: 112
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 102
Minimum Strength: 250

Description: Bedrock
Model: Bedrock

Description: Peat
Model: SFnOverburden
Wt: 80
Tau/Sigma Ratio: 0.5
Unit Wt. Above WT: 50
Minimum Strength: 0

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250

Description: Sand
Model: Bedrock

Horizontal Distance (ft)
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 15, Proposed, Long-Term (Drained)
File Name: Kinnickinnic_Sec15_Proposed_Drained.gsz 
Last Saved Date: 10/16/2006
Factor of Safety: 1.36

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 0
Phi: 33
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: MohrCoulomb
Wt: 112
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 102

Description: Bedrock
Model: Bedrock

Description: Peat
Model: MohrCoulomb
Wt: 80
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 50

Description: Organic Silt
Model: MohrCoulomb
Wt: 103
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 93

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117

Horizontal Distance (ft)
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 15, Proposed, End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec15_Proposed_Undrained.gsz 
Last Saved Date: 11/29/2006
Factor of Safety: 1.09

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 750
Phi: 0
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: SFnOverburden
Wt: 112
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 102
Minimum Strength: 250

Description: Bedrock
Model: Bedrock

Description: Peat
Model: SFnOverburden
Wt: 80
Tau/Sigma Ratio: 0.5
Unit Wt. Above WT: 50
Minimum Strength: 0

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250

Description: Sand
Model: Bedrock

Horizontal Distance (ft)
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 4, Proposed (Modified), Long-Term (Drained)
File Name: Kinnickinnic_Sec4_Proposed_Mod_Drained.gsz 
Last Saved Date: 10/16/2006
Factor of Safety: 2.40

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Organic Silt
Model: MohrCoulomb
Wt: 103
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 93

Description: Water
Model: NoStrength
Wt: 62.4

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117

Description: Bedrock
Model: Bedrock
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 4, Proposed (Modified), End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec4_Proposed_Mod_Undrained.gsz 
Last Saved Date: 10/16/2006
Factor of Safety: 1.30

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250

Description: Water
Model: NoStrength
Wt: 62.4

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117

Description: Bedrock
Model: Bedrock
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 5, Proposed (Modified), Long-Term (Drained)
File Name: Kinnickinnic_Sec5_Proposed_Mod_Drained_WithChannel.gsz 
Last Saved Date: 12/8/2006
Factor of Safety: 1.80

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Organic Silt
Model: MohrCoulomb
Wt: 103
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 93

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: MohrCoulomb
Wt: 112
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 102

Description: Bedrock
Model: Bedrock

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 5, Proposed (Modified), End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec5_Proposed_Mod_Undrained_WithChannel.gsz 
Last Saved Date: 12/8/2006
Factor of Safety: 1.30

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: SFnOverburden
Wt: 112
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 102
Minimum Strength: 250

Description: Bedrock
Model: Bedrock

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117
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1.60

River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 8, Proposed (Modified), Long-Term (Drained)
File Name: Kinnickinnic_Sec8_Proposed_Mod_Drained.gsz 
Last Saved Date: 10/16/2006
Factor of Safety: 1.60

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 0
Phi: 33
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: MohrCoulomb
Wt: 112
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 102

Description: Bedrock
Model: Bedrock

Description: Organic Silt
Model: MohrCoulomb
Wt: 103
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 93
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 8, Proposed (Modified), End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec8_Proposed_Mod_Undrained.gsz 
Last Saved Date: 10/16/2006
Factor of Safety: 1.30

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 310
Phi: 0
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: SFnOverburden
Wt: 112
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 102
Minimum Strength: 250

Description: Bedrock
Model: Bedrock

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 13, Proposed (Modified), Long-Term (Drained)
File Name: Kinnickinnic_Sec13_Proposed_Mod_Drained.gsz 
Last Saved Date: 11/29/2006
Factor of Safety: 1.89

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 0
Phi: 33
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: MohrCoulomb
Wt: 112
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 102

Description: Bedrock
Model: Bedrock

Description: Peat
Model: MohrCoulomb
Wt: 80
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 50

Description: Organic Silt
Model: MohrCoulomb
Wt: 103
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 93

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 13, Proposed (Modified), End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec13_Proposed_Mod_Undrained.gsz 
Last Saved Date: 11/29/2006
Factor of Safety: 1.30

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 750
Phi: 0
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: SFnOverburden
Wt: 112
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 102
Minimum Strength: 250

Description: Bedrock
Model: Bedrock

Description: Peat
Model: SFnOverburden
Wt: 80
Tau/Sigma Ratio: 0.5
Unit Wt. Above WT: 50
Minimum Strength: 0

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250

Description: Sand
Model: Bedrock
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 15, Proposed (Modified), Long-Term (Drained)
File Name: Kinnickinnic_Sec15_Proposed_Mod_Drained.gsz 
Last Saved Date: 11/29/2006
Factor of Safety: 1.65

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 0
Phi: 33
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: MohrCoulomb
Wt: 112
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 102

Description: Bedrock
Model: Bedrock

Description: Peat
Model: MohrCoulomb
Wt: 80
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 50

Description: Organic Silt
Model: MohrCoulomb
Wt: 103
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 93

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 15, Proposed (Modified), End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec15_Proposed_Mod_Undrained.gsz 
Last Saved Date: 11/29/2006
Factor of Safety: 1.30

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 750
Phi: 0
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: SFnOverburden
Wt: 112
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 102
Minimum Strength: 250

Description: Bedrock
Model: Bedrock

Description: Peat
Model: SFnOverburden
Wt: 80
Tau/Sigma Ratio: 0.5
Unit Wt. Above WT: 50
Minimum Strength: 0

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250

Description: Sand
Model: Bedrock
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River Elevation = 581.5 ft (NHWM)

Kinnickinnic River Dredging Stability Analysis
Section 4, Proposed (Modified), Flood, Long-Term (Drained)
File Name: Kinnickinnic_Sec4_Proposed_Mod_Flood_Drained.gsz 
Last Saved Date: 10/16/2006
Factor of Safety: 2.67

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Organic Silt
Model: MohrCoulomb
Wt: 103
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 103

Description: Water
Model: NoStrength
Wt: 62.4

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117

Description: Bedrock
Model: Bedrock

2
1

Horizontal Distance (ft)
-20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

530

535

540

545

550

555

560

565

570

575

580

585

590

E
le

va
tio

n 
(ft

)

530

535

540

545

550

555

560

565

570

575

580

585

590



 1.50  

 1.60  

 1.70  

 1.80  

 1.90  

 2
.0

0 
 

 2
.1

0 
 

 2
.2

0 
 

 2
.3

0 
 

 2
.4

0 
 

 2.50  

 2
.6

0 
 

1.48

River Elevation = 581.5 ft (NHWM)

Kinnickinnic River Dredging Stability Analysis
Section 4, Proposed (Modified), Flood, End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec4_Proposed_Mod_Flood_Undrained.gsz 
Last Saved Date: 10/16/2006
Factor of Safety: 1.48

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250

Description: Water
Model: NoStrength
Wt: 62.4

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117

Description: Bedrock
Model: Bedrock
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River Elevation = 581.5 ft (NHWM Datum)

Kinnickinnic River Dredging Stability Analysis
Section 5, Proposed (Modified), Flood, Long-Term (Drained)
File Name: Kinnickinnic_Sec5_Proposed_Mod_Flood_Drained_WithChannel.gsz 
Last Saved Date: 12/8/2006
Factor of Safety: 2.06

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Organic Silt
Model: MohrCoulomb
Wt: 103
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 93

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: MohrCoulomb
Wt: 112
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 102

Description: Bedrock
Model: Bedrock

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117
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River Elevation = 581.5 ft (NHWM Datum)

Kinnickinnic River Dredging Stability Analysis
Section 5, Proposed (Modified), Flood, End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec5_Proposed_Mod_Flood_Undrained_WithChannel.gsz 
Last Saved Date: 12/8/2006
Factor of Safety: 1.46

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: SFnOverburden
Wt: 112
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 102
Minimum Strength: 250

Description: Bedrock
Model: Bedrock

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117
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1.64

River Elevation = 581.5 ft (NHWM)

Kinnickinnic River Dredging Stability Analysis
Section 8, Proposed (Modified), Flood, Long-Term (Drained)
File Name: Kinnickinnic_Sec8_Proposed_Mod_Flood_Drained.gsz 
Last Saved Date: 10/16/2006
Factor of Safety: 1.64

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 0
Phi: 33
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: MohrCoulomb
Wt: 112
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 102

Description: Bedrock
Model: Bedrock

Description: Organic Silt
Model: MohrCoulomb
Wt: 103
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 93
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River Elevation = 581.5 ft (NHWM)

Kinnickinnic River Dredging Stability Analysis
Section 8, Proposed (Modified), Flood, End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec8_Proposed_Mod_Flood_Undrained.gsz 
Last Saved Date: 10/16/2006
Factor of Safety: 1.47

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 310
Phi: 0
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: SFnOverburden
Wt: 112
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 102
Minimum Strength: 250

Description: Bedrock
Model: Bedrock

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250
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River Elevation = 581.5 ft (NHWM)

Kinnickinnic River Dredging Stability Analysis
Section 13, Proposed (Modified), Flood, Long-Term (Drained)
File Name: Kinnickinnic_Sec13_Proposed_Mod_Flood_Drained.gsz 
Last Saved Date: 11/29/2006
Factor of Safety: 2.03

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 0
Phi: 33
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: MohrCoulomb
Wt: 112
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 102

Description: Bedrock
Model: Bedrock

Description: Peat
Model: MohrCoulomb
Wt: 80
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 50

Description: Organic Silt
Model: MohrCoulomb
Wt: 103
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 93

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117
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River Elevation = 581.5 ft (NHWM)

Kinnickinnic River Dredging Stability Analysis
Section 13, Proposed (Modified), Flood, End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec13_Proposed_Mod_Flood_Undrained.gsz 
Last Saved Date: 11/29/2006
Factor of Safety: 1.44

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 750
Phi: 0
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: SFnOverburden
Wt: 112
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 102
Minimum Strength: 250

Description: Bedrock
Model: Bedrock

Description: Peat
Model: SFnOverburden
Wt: 80
Tau/Sigma Ratio: 0.5
Unit Wt. Above WT: 50
Minimum Strength: 0

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250

Description: Sand
Model: Bedrock
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River Elevation = 581.5 ft (NHWM)

Kinnickinnic River Dredging Stability Analysis
Section 15, Proposed (Modified), Flood, Long-Term (Drained)
File Name: Kinnickinnic_Sec15_Proposed_Mod_Flood_Drained.gsz 
Last Saved Date: 11/29/2006
Factor of Safety: 1.67

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 0
Phi: 33
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: MohrCoulomb
Wt: 112
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 102

Description: Bedrock
Model: Bedrock

Description: Peat
Model: MohrCoulomb
Wt: 80
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 50

Description: Organic Silt
Model: MohrCoulomb
Wt: 103
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 93

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117
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River Elevation = 581.5 ft (NHWM)

Kinnickinnic River Dredging Stability Analysis
Section 15, Proposed (Modified), Flood, End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec15_Proposed_Mod_Flood_Undrained.gsz 
Last Saved Date: 11/29/2006
Factor of Safety: 1.40

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Till
Model: MohrCoulomb
Wt: 135
Cohesion: 750
Phi: 0
Unit Wt. Above WT: 129

Description: Water
Model: NoStrength
Wt: 62.4

Description: Silt
Model: SFnOverburden
Wt: 112
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 102
Minimum Strength: 250

Description: Bedrock
Model: Bedrock

Description: Peat
Model: SFnOverburden
Wt: 80
Tau/Sigma Ratio: 0.5
Unit Wt. Above WT: 50
Minimum Strength: 0

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250

Description: Sand
Model: Bedrock
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SLOPE/W Verification Procedure: Spencer's Method 

 

Section 4, Modified Geometry,  

Undrained (End-of-Construction) 
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River Elevation = 577.5 ft (NLW Datum)

Kinnickinnic River Dredging Stability Analysis
Section 4, Proposed (Modified), End-of-Construction (Undrained)
File Name: Kinnickinnic_Sec4_Proposed_Mod_Undrained_Verification.gsz 
Last Saved Date: 11/29/2006
Factor of Safety: 1.30

Phreatic Surface

Description: Fill
Model: MohrCoulomb
Wt: 130
Cohesion: 0
Phi: 30
Unit Wt. Above WT: 122

Description: Organic Silt
Model: SFnOverburden
Wt: 103
Tau/Sigma Ratio: 0.23
Unit Wt. Above WT: 93
Minimum Strength: 250

Description: Water
Model: NoStrength
Wt: 62.4

Description: Sand
Model: MohrCoulomb
Wt: 128
Cohesion: 0
Phi: 28
Unit Wt. Above WT: 117

Description: Bedrock
Model: Bedrock

2
1

Software Verification
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Kinnickinnic River Dredging Feasibility Study
SLOPE/W Verification Procedure: Spencer's Method
Section 4, Modified Geometry, Undrained (End-of-Construction) 

Data from SLOPE/W

Slice Slice 1 Slice 2 Slice 3 Slice 4 Slice 5 Slice 6 Slice 7 Slice 8 Slice 9 Slice 10 Slice 11 Slice 12 Slice 13 Slice 14 Slice 15 Slice 16 Slice 17
Factor of Safety 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
Phi Angle 30 ° 30 ° 30 ° 0 ° 0 ° 0 ° 0 ° 0 ° 0 ° 0 ° 0 ° 0 ° 0 ° 0 ° 0 ° 0 ° 0 °
C (Strength) 0 psf 0 psf 0 psf 250 psf 255.97 psf 252.49 psf 257.28 psf 289.01 psf 291.17 psf 264.27 psf 257.86 psf 250 psf 250 psf 250 psf 250 psf 250 psf 250 psf
C (Force) 0 lbs 0 lbs 0 lbs 2943.5 lbs 321.41 lbs 1905.8 lbs 1353.4 lbs 6016.9 lbs 1157 lbs 274.37 lbs 373.57 lbs 412.32 lbs 513.17 lbs 3792.2 lbs 5009.9 lbs 3934.1 lbs 4116.8 lbs
Pore Water Pressure 0 psf 0 psf 56.112 psf 363.14 psf 611.28 psf 772.9 psf 987.22 psf 1363.9 psf 1623.9 psf 1666.7 psf 1686.9 psf 1711.1 psf 1738.1 psf 1837.3 psf 1899.9 psf 1772.5 psf 1496.3 psf
Pore Water Force 0 lbs 0 lbs 142.26 lbs 4275.6 lbs 767.54 lbs 5833.9 lbs 5193.3 lbs 28396 lbs 6452.8 lbs 1730.4 lbs 2443.9 lbs 2822 lbs 3567.7 lbs 27869 lbs 38074 lbs 27892 lbs 24639 lbs
Slice Width 3.5325 ft 2.0002 ft 1.7978 ft 8.902 ft 1 ft 6.2 ft 4.5 ft 19 ft 3.8 ft 1 ft 1.4 ft 1.6 ft 2 ft 15 ft 20 ft 15.4 ft 15.4 ft
Mid-Height 2.0381 ft 5.0219 ft 6.9371 ft 11.825 ft 15.278 ft 16.891 ft 19.359 ft 24.569 ft 27.405 ft 26.907 ft 27.034 ft 27.421 ft 27.854 ft 29.443 ft 30.448 ft 28.405 ft 23.979 ft
Base Length 5.3477 ft 2.898 ft 2.5353 ft 11.774 ft 1.2556 ft 7.548 ft 5.2606 ft 20.819 ft 3.9738 ft 1.0382 ft 1.4487 ft 1.6493 ft 2.0527 ft 15.169 ft 20.04 ft 15.736 ft 16.467 ft
Base Angle -48.651 ° -46.351 ° -44.837 ° -40.845 ° -37.209 ° -34.756 ° -31.183 ° -23.909 ° -16.995 ° -15.594 ° -14.903 ° -14.04 ° -13.004 ° -8.2029 ° 1.6173 ° 11.595 ° 20.577 °
Applied Lambda 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072
Weight 878.36 lbs 1225.5 lbs 1534.5 lbs 12279 lbs 1724.2 lbs 11601 lbs 9477.2 lbs 49875 lbs 10982 lbs 2815.7 lbs 3931.3 lbs 4475.6 lbs 5559.2 lbs 43437 lbs 59092 lbs 39459 lbs 27625 lbs
Base Normal Force 855.3 lbs 1176.5 lbs 1500.3 lbs 13591 lbs 1891.6 lbs 12580 lbs 10083 lbs 51204 lbs 11033 lbs 2822.9 lbs 3936.9 lbs 4476.3 lbs 5550.5 lbs 43227 lbs 59623 lbs 41737 lbs 31783 lbs
Base Normal Stress 159.94 psf 405.97 psf 591.76 psf 1154.3 psf 1506.5 psf 1666.7 psf 1916.7 psf 2459.5 psf 2776.5 psf 2718.9 psf 2717.5 psf 2714.1 psf 2704 psf 2849.7 psf 2975.2 psf 2652.3 psf 1930.1 psf
Base Shear Res. Force -493.81 lbs -679.27 lbs -784.05 lbs -2943.5 lbs -321.4 lbs -1905.8 lbs -1353.4 lbs -6017 lbs -1157 lbs -274.38 lbs -373.57 lbs -412.32 lbs -513.18 lbs -3792.2 lbs -5009.9 lbs -3934 lbs -4116.8 lbs
Base Shear Res. Stress -92.339 psf -234.39 psf -309.25 psf -250 psf -255.97 psf -252.49 psf -257.27 psf -289.01 psf -291.17 psf -264.28 psf -257.86 psf -250 psf -250 psf -250 psf -250 psf -250 psf -250 psf
Base Shear Mob. Force -379.83 lbs -522.49 lbs -603.08 lbs -2264.1 lbs -247.22 lbs -1465.9 lbs -1041 lbs -4628.2 lbs -889.97 lbs -211.05 lbs -287.35 lbs -317.15 lbs -394.73 lbs -2916.9 lbs -3853.6 lbs -3026 lbs -3166.6 lbs
Base Shear Mob. Stress -71.026 psf -180.29 psf -237.87 psf -192.3 psf -196.89 psf -194.21 psf -197.89 psf -222.31 psf -223.96 psf -203.28 psf -198.34 psf -192.3 psf -192.3 psf -192.3 psf -192.3 psf -192.3 psf -192.3 psf
Left Side Normal Force 0 lbs 391.23 lbs 881.99 lbs 1512.2 lbs 8689.8 lbs 9637 lbs 15605 lbs 19935 lbs 36455 lbs 38828 lbs 39383 lbs 40118 lbs 40896 lbs 41760 lbs 45039 lbs 39502 lbs 28147 lbs
Left Side Shear Force 0 lbs 28.174 lbs 63.514 lbs 108.89 lbs 625.77 lbs 693.98 lbs 1123.7 lbs 1435.6 lbs 2625.2 lbs 2796.1 lbs 2836.1 lbs 2889 lbs 2945 lbs 3007.3 lbs 3243.4 lbs 2844.7 lbs 2027 lbs
Right Side Normal Force 391.23 lbs 881.99 lbs 1512.2 lbs 8689.8 lbs 9637 lbs 15605 lbs 19935 lbs 36455 lbs 38828 lbs 39383 lbs 40118 lbs 40896 lbs 41760 lbs 45039 lbs 39502 lbs 28147 lbs 14011 lbs
Right Side Shear Force 28.174 lbs 63.514 lbs 108.89 lbs 625.77 lbs 693.98 lbs 1123.7 lbs 1435.6 lbs 2625.2 lbs 2796.1 lbs 2836.1 lbs 2889 lbs 2945 lbs 3007.3 lbs 3243.4 lbs 2844.7 lbs 2027 lbs 1008.9 lbs
Polygon Closure 4.3918 lbs 12.255 lbs 23.018 lbs 67.955 lbs 18.916 lbs 125.8 lbs 50.415 lbs 512.04 lbs 55.165 lbs 28.229 lbs 39.369 lbs 22.382 lbs 55.592 lbs 434.37 lbs 596.23 lbs 208.69 lbs 317.83 lbs
Top Left Coordinate -3.5325 ft, 583.9 ft 0 ft, 583.86 ft 2.0002 ft, 583.83 ft 3.798 ft, 583.81 ft 12.7 ft, 583.7 ft 13.7 ft, 582.7 ft 19.9 ft, 581.7 ft 24.4 ft, 580.7 ft 43.4 ft, 579.9 ft 47.2 ft, 577.9 ft 48.2 ft, 577.5 ft 49.6 ft, 577.5 ft 51.2 ft, 577.5 ft 53.2 ft, 577.5 ft 68.2 ft, 577.5 ft 88.2 ft, 577.5 ft 103.6 ft, 577.5 ft
Top Right Coordinate 0 ft, 583.86 ft 2.0002 ft, 583.83 ft 3.798 ft, 583.81 ft 12.7 ft, 583.7 ft 13.7 ft, 582.7 ft 19.9 ft, 581.7 ft 24.4 ft, 580.7 ft 43.4 ft, 579.9 ft 47.2 ft, 577.9 ft 48.2 ft, 577.5 ft 49.6 ft, 577.5 ft 51.2 ft, 577.5 ft 53.2 ft, 577.5 ft 68.2 ft, 577.5 ft 88.2 ft, 577.5 ft 103.6 ft, 577.5 ft 119 ft, 577.5 ft
Bottom Left Coordinate -3.5325 ft, 583.9 ft 0 ft, 579.88 ft 2.0002 ft, 577.79 ft 3.798 ft, 576 ft 12.7 ft, 568.3 ft 13.7 ft, 567.54 ft 19.9 ft, 563.24 ft 24.4 ft, 560.52 ft 43.4 ft, 552.1 ft 47.2 ft, 550.93 ft 48.2 ft, 550.66 ft 49.6 ft, 550.28 ft 51.2 ft, 549.88 ft 53.2 ft, 549.42 ft 68.2 ft, 547.26 ft 88.2 ft, 547.82 ft 103.6 ft, 550.98 ft
Bottom Right Coordinate 0 ft, 579.88 ft 2.0002 ft, 577.79 ft 3.798 ft, 576 ft 12.7 ft, 568.3 ft 13.7 ft, 567.54 ft 19.9 ft, 563.24 ft 24.4 ft, 560.52 ft 43.4 ft, 552.1 ft 47.2 ft, 550.93 ft 48.2 ft, 550.66 ft 49.6 ft, 550.28 ft 51.2 ft, 549.88 ft 53.2 ft, 549.42 ft 68.2 ft, 547.26 ft 88.2 ft, 547.82 ft 103.6 ft, 550.98 ft 119 ft, 556.76 ft

Calculations

Radius, R [ft] 103.1
Sum

Base Length, L [ft] 5.3 2.9 2.5 11.8 1.3 7.5 5.3 20.8 4.0 1.0 1.4 1.6 2.1 15.2 20.0 15.7 16.5 --
Base Shear Mob. Stress [psf] -71.0 -180.3 -237.9 -192.3 -196.9 -194.2 -197.9 -222.3 -224.0 -203.3 -198.3 -192.3 -192.3 -192.3 -192.3 -192.3 -192.3 --
Base Shear Mob. Force [psf] -379.8 -522.5 -603.1 -2264.1 -247.2 -1465.9 -1041.0 -4628.2 -890.0 -211.1 -287.4 -317.2 -394.7 -2916.9 -3853.6 -3026.0 -3166.6 --
Driving Moment, Md [lb*ft] -39171.5 -53883.9 -62195.1 -233494.4 -25495.6 -151176.8 -107357.3 -477301.7 -91781.7 -21765.4 -29634.1 -32707.4 -40708.1 -300817.0 -397418.0 -312068.4 -326568.4 -2703545
Cohesion, c [psf] 0 0 0 250 256.0 252.5 257.3 289.0 291.2 264.3 257.9 250 250 250 250 250 250 --
Friction Angle, φφφφ [degrees] 30 30 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 --
Base Normal Stress [psf] 159.9 406.0 591.8 1154.3 1506.5 1666.7 1916.7 2459.5 2776.5 2718.9 2717.5 2714.1 2704.0 2849.7 2975.2 2652.3 1930.1 --
Base Shear Res. Stress [psf] -92.3 -234.4 -309.3 -250 -256.0 -252.5 -257.3 -289.0 -291.2 -264.3 -257.9 -250 -250 -250 -250 -250 -250 --
Base Shear Res. Force [lbs] -493.8 -679.3 -784.1 -2943.5 -321.4 -1905.8 -1353.4 -6017.0 -1157.0 -274.4 -373.6 -412.3 -513.2 -3792.2 -5009.9 -3934.0 -4116.8 --
Resisting Moment, Mr [lb*ft] -50926.1 -70052.5 -80858.3 -303560.3 -33145.7 -196543.3 -139574.8 -620527.3 -119320.3 -28296.5 -38525.9 -42522.2 -52923.8 -391085.9 -516666.1 -405709.6 -424561.6 -3514800

Factor of Safety 1.30
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Slice 1 - Spencer Method
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Slice 3 - Spencer Method

1534.5
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Slice 4 - Spencer Method

12279

2264.1

13591
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Slice 5 - Spencer Method

1724.2
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1891.6

8689.8
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9637

693.98

 

Slice 6 - Spencer Method

11601

1465.9
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Slice 7 - Spencer Method

9477.2

1041

10083

15605

1123.7

19935

1435.6

 

Slice 8 - Spencer Method

49875

4628.2

51204

19935

1435.6

36455

2625.2

 



Slice 9 - Spencer Method
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38828

2796.1
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38828

2796.1

39383

2836.1

 



Slice 11 - Spencer Method

3931.3
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3936.9
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Slice 13 - Spencer Method
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Slice 17 - Spencer Method
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