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Introduction 
 
This report will provide embankment and foundation recommendations for the 
construction of the proposed structures and ramps referred to as the West Fargo 
Horace Interchange - I-94 & Sheyenne Street (NDDOT Bridges 0094-346.396L & 0094-
346.400R).   
 
Existing Structures Information 
 
 Bridge # 94-346.388L 

Year Constructed:  1995 
Main Structure Type:  Prestressed Concrete Continuous – Spread Box Beam 
Length:  197 feet total length (3 spans) 
Foundation Type:  Steel H-Piles (HP 12x53, HP 14x73) 
End Slopes:  10:1 – Pedestrian Underpass – 3:1 w/ Concrete Slope Protection  

  
 Bridge # 94-346.393R 

Year Constructed:  1996 
Main Structure Type:  Prestressed Concrete Continuous – Spread Box Beam 
Length:  208 feet total length (3 spans) 
Foundation Type:  Steel H-Piles (HP 12x53, HP 14x73) 
End Slopes:  10:1 – Pedestrian Underpass – 3:1 w/ Concrete Slope Protection 

      
Subsurface Investigation 
 
Based on site conditions, access, and available data only one deep foundation soil 
boring was conducted for this project.  The soil boring (SB-1) was conducted on the 
west side of the structures near the existing abutments.  The boring was conducted in 
the median of Interstate 94 from 6/5/2017 to 6/8/2017.  The boring log can be found in 
Appendix A.   
 
Historical data also shows that a soil boring (1994-1) was conducted in April of 1994 on 
the northeast side of the structure.  The boring was conducted for the original 
construction of the existing bridges.  The soils information from this boring was used for 
comparison when analyzing the most recent soils investigation.  The boring log has also 
been included in Appendix A.   
 
Sampling and Testing Procedures: 
 
Shelby tube sampling and split spoon sampling were used to extract the samples from a 
hollow stem auger. 
 
Shelby tube sampling provides an “undisturbed” sample of fine grained soils for 
laboratory testing via a thin wall tube that is slowly pushed into the soils to be sampled. 
Triaxial testing equipment was used to determine shear strengths.  Densities were 
calculated according to AASHTO test method T-296. 
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Split spoon samplers are utilized during advancement of the boring to perform the 
Standard Penetration Test (SPT). The samples are considered “disturbed”, due to the 
driving nature in which they are obtained. The SPT results in an N-value, or number of 
blows required to drive the split spoon sampler 1 foot. This N-value is used to estimate 
the shear strength and friction angle of the soil, define the consistency of cohesive soils 
and also the relative density of non-cohesive soils.  
 
The samples from the split spoon and Shelby tubes are submitted to the laboratory for 
determination of AASHTO classification, moisture content, dry density, sieve analysis, 
Atterberg limits, and strength parameters. 
 
Test Results 
 
A summary of the lab analysis has been included in the Appendix B. 
 
Proposed Structure 

 
Bridge # 94-346.396L 
Main Structure Type: 4 Span 
Foundation Type: Steel H-Piles (HP 14x73) 
 
Bridge # 94-346.400R 
Main Structure Type: 4 Span 
Foundation Type: Steel H-Piles (HP 14x73) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bridge # 94-346.396L & 94-346.400R Proposed Ramp Layouts 
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Foundation Recommendation 
 

Steel Piling 
 
Pile recommendations are given as termination elevations. The pile sizes that 
have been analyzed are HP10x42, HP12x53, HP14x73, and HP14x102. 
 
The software “APile” (v2014) was used in conjunction with engineering judgment 
and past experience in pile driving in these types of soils to estimate the pile 
lengths.  The output from this analysis is available upon request from the NDDOT 
Geotechnical Section. 
 
Below is a simplified soil profile for boring SB-1 that was used to predict the 
unfactored geotechnical resistance. The unfactored geotechnical resistance is 
used to predict the pile termination elevations.    
 
Table 1 – SB-1 Simplified Soil Profile (Total Stress Analysis – TSA) 

Layer Elevation Depth Cohesion 
(lb/ft2) 

Friction 
Angle 

Unit 
Weight 
(lb/ft3) 

Clay Fill 910.7-890.7 0.0-20.0 1000 0 120 
Clay 890.7-839.7 20.0-71.0 500 0 103 

Sandy Clay 839.7-826.7 71.0-84.0 1000 0 135 
Sandy Clay 826.7-804.7 84.0-106.0 4000 0 140 

 
Based on the soils information that was obtained from boring SB-1 the pile will 
not reach the required bearing at the bottom of the boring for all pile sizes.  
However, based on soil boring 1994-1 and historical data from the adjacent 9th St 
Interchange it is reasonable to assume that the pile will obtain bearing in the 
glacial till layer which is generally near an elevation of 800 feet.   
 
It is recommended that pile length estimations be based on the piles terminating 
at an elevation of 800 feet. 
 
Pile Tips 

 
It is not anticipated that pile tips will not be required for either of the structures. 

 
Downdrag 
 
Downdrag is caused by settlement occurring in the soil in which a pile is already 
in place.  Based on little to no fill being placed at the bridge ends downdrag is not 
a concern for either of the structures. 
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Scour 
 

This is not a water crossing so scour will not be an issue at these structures. 
 
Compaction Recommendations 
 
Compact all embankment material used for the construction of the ramps per Section 
203.04.E.2 AASHTO T-99. 

 
End Slope Recommendation 
 
The stability analysis was conducted with Slope/W developed by Geo-Slope 
International. The analysis was a two-dimensional limit equilibrium method.  The 
proposed bridge layouts were provided by the Bridge Division and were used in the 
analysis.  Based on the structures having similar geometries the stability analysis was 
only conducted for one structure.  The proposed structure layouts are shown in the 
figures below. 
  

 
Bridge # 94-346.396L Proposed Layout 

 
 

 
Bridge # 94-346.400R Proposed Layout 
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An effective stress (long term stability) analysis was performed.  For the effective stress 
analysis, the soil parameters were based on the soil laboratory results.  A correlation 
between the liquid limit and clay size fraction to the drained residual strength of 
cohesive soils was used.  This correlation is based on a paper titled “Drained Residual 
Strength of Cohesive Soils” written by Timothy Stark and Hisham Eid, 1994. 
 
Based on the slope stability analysis the proposed slopes for both of the structures are 
sufficient.  The stability analysis outputs can be found in Appendix C. 
 
Settlement 
 

Settlement Analysis 
 

Based on little to no fill being placed to construct the proposed bridges settlement 
is not a concern for either of the structure embankments. 

 
Based on proposed cross sections and profiles provided by the Local 
Government Division, the construction of the new ramps will require fills up to 
approximately 7-11 feet in some locations.  Those locations are summarized in 
the table below. 
 
Table 2 – Ramp Fill Locations 

Location Critical 
Station 

Elevation 
Existing 
Ground 

Elevation 
Proposed 
Pavement 

Total Fill 

Northwest Ramp 2 17+50 895 902 7’ 
Northwest Loop 32+00 898 907 9’ 
Southwest Loop 48+00 897 908 11’ 

*The proposed ramp locations are shown in the Proposed Structure section above 
 
A settlement analysis was completed based on a one-dimensional consolidation 
test performed on soil samples that were collected from boring SB-1.  Although 
the samples are currently under an existing fill it was conservatively assumed for 
this analysis that the soils are normally consolidated (present overburden 
pressure is equal to the preconsolidation pressure).  The following parameters 
were used for each of the analysis. 
 
Fill Height: 7’ – 11’ 
Unit Weight Fill, ɣFill = 120 lb/ft3 (Assumed) 
Unit Weight of Existing Material, ɣ = 103 lb/ft3 (Lab Data) 
Effective Unit Weight of Existing Material, ɣ’ = 40.6 lb/ft3 
Water Table Depth = 0 (At Surface - Assumed) 
Bousinesq Factor, I = Varies  

(Values of Influence Factor I for Vertical Stress Under an Infinitely Long 
Embankment, NAVFAC, 1982) 

Compression Index, Cc = 0.43 – 0.56 (Lab Data) 
Recompression Index, Cr = N/A (Assumed Normally Consolidated) 
Coefficient of Consolidation, Cv = 0.02 – 0.05 ft2/day (Lab Data) 
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The settlement calculations show that there is going to be significant 
consolidation of the foundation soils from placing the fill needed to construct the 
ramps.  Based on the best available information and conservative assumptions 
the total settlement is estimated to be in the range of 3’ – 5’ in the locations 
evaluated above.  However, it is estimated that this settlement will occur over 
many decades. 

 
Settlement Recommendations 
 
Based on the large amount of settlement and the long duration over which that 
settlement is expected to occur, it is believed that the settlement will have long 
term effects at the deeper fill locations of the proposed ramps.  We do not believe 
that any additional measures to help minimize or speed up consolidation are 
feasible and/or will produce the desired results.  Because this will cause long 
lasting effects on the ramps we recommend using an asphalt pavement surface 
so that any uneven pavement caused by the settlement can be maintained when 
needed. 
 
We also recommend that a monitoring program be included in the plans.  This is 
necessary so the Geotechnical Section can monitor the settlement and pore 
pressure at the fill locations during and after construction to get a better 
understanding of the effects of placing fill on the soft cohesive soils in this part of 
the state.  The Geotechnical Section will work with the designer to incorporate 
the monitoring program in the plans and will work with the Fargo District and the 
contractor when installing and collecting the data.   

 
Pre-Boring 
 
No pre-boring is necessary for either of the structures. 
 
Design Recommendations 
 
Any proposed slopes steeper than 4:1 will need to be evaluated by the Geotechnical 
Section. 
 
Compact all embankment material per Section 203.04E.2.b – Compaction Control Type 
A, ND T-99, of the Standard Specifications. 
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APPENDIX B 
 

Lab Results  
  



SB - 1 0.0 80 28 52 4.75 96 A-7-6  (58) CH 22.3 38.2

SB - 1 2.0 77 26 51 4.75 98 A-7-6  (58) CH 34.2 38.2

SB - 1 4.0 79 29 50 2 97 A-7-6  (57) CH 37.5 38.2

SB - 1 6.0 78 26 52 9.5 97 A-7-6  (59) CH 36.1 38.2

SB - 1 9.0 79 37 42 9.5 98 A-7-5  (51) MH 36.3 38.2

SB - 1 11.0 79 27 52 4.75 97 A-7-6  (59) CH 34.5 38.2

SB - 1 14.0 65 23 42 9.5 96 A-7-6  (46) CH 27.2 38.2

SB - 1 16.0 74 25 49 4.75 99 A-7-6  (56) CH 34.0 38.2

SB - 1 19.0 59 23 36 2 99 A-7-6  (41) CH 38.5 38.2

SB - 1 21.0 104 36 68 2 100 A-7-5  (83) CH 56.8 38.2

SB - 1 24.0 108 36 72 9.5 100 A-7-5  (88) CH 59.1 38.2

SB - 1 26.0 97 31 66 2 99 A-7-5  (78) CH 58.5 38.2

SB - 1 29.0 91 37 54 2 99 A-7-5  (66) CH 58.3 38.2

SB - 1 31.0 90 29 61 2 100 A-7-6  (73) CH 52.3 38.2

SB - 1 34.0 91 30 61 2 100 A-7-5  (73) CH 54.7 38.2

SB - 1 36.0 94 31 63 2 99 A-7-5  (75) CH 57.8 38.2

SB - 1 39.0 52.6 38.2

SB - 1 41.0 78 28 50 4.75 99 A-7-6  (59) CH 51.8 38.2

SB - 1 44.0 96 31 65 4.75 99 A-7-5  (77) CH 65.4 38.2

SB - 1 46.0 82 30 52 4.75 100 A-7-5  (62) CH 49.4 38.2

SB - 1 49.0 93 32 61 9.5 99 A-7-5  (73) CH 54.2 38.2

SB - 1 51.0 87 29 58 2 99 A-7-6  (68) CH 54.9 38.2

SB - 1 54.0 92 32 60 60.1 38.2

SB - 1 56.0 79 28 51 4.75 97 A-7-6  (58) CH 50.5 38.2

SB - 1 59.0 77 29 48 4.75 98 A-7-6  (56) CH 52.6 38.2

SB - 1 61.0 69 26 43 9.5 96 A-7-6  (48) CH 46.5 38.2

SB - 1 64.0 65 25 40 25 92 A-7-6  (42) CH 45.5 38.2

SB - 1 66.0 70 24 46 4.75 94 A-7-6  (49) CH 17.9 38.2

SB - 1 69.0 60 21 39 25 83 A-7-6  (34) CH 41.8 38.2

SB - 1 71.0 32 17 15 25 56 A-6  (15) 19.9 38.2

SB - 1 74.0 32 16 16 25 50 A-6  (5) SC 19.9 38.2

SB - 1 76.0 32 17 15 9.5 61 A-6  (6) CL 20.1 38.2

SB - 1 79.0 31 17 14 25 41 A-6  (2) GC 19.0 38.2

SB - 1 81.0 29 16 13 9.5 57 A-6  (4) CL 17.6 38.2

SB - 1 84.0 11.1 38.2

SB - 1 89.0 29 15 14 25 52 A-6  (4) CL 11.2 38.2

SB - 1 94.0 25 14 11 25 48 A-6  (2) SC 9.3 38.2

SB - 1 99.0 25 14 11 25 57 A-6  (3) CL 10.2 38.2

SB - 1 104.0 26 14 12 9.5 54 A-6  (3) CL 10.6 38.2

SUMMARY OF LABORATORY RESULTS
PAGE  1  OF  1
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APPENDIX C 
 

Slope Stability Analysis 
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Color Name Model Unit Weight
(pcf)

Strength Function Piezometric
Line

Existing Material Shear/Normal Fn. 105 Stark Correlation: LL = 93, CF = 89 1

Project: IM-8-094(092)346
Bridge # 94-346.396L & 94-346.400R
Location: East Bridge End
Boring: SB-1
Analysis Name: Name: Effective Stress Analysis
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Location: West Bridge End
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Analysis: Name: Effective Stress Analysis

Color Name Model Unit Weight
(pcf)

Strength Function Piezometric
Line

Existing Material Shear/Normal Fn. 105 Stark Correlation - CF = 89, LL = 93 1
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