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 Abbreviated Structure Geotechnical Report 

 
Original Report Date: 4-24-18 Proposed SN: 053-0192 Route: FAP 673 (IL 116) 
Revised Date: 8-31-18 Existing SN: 053-0065 Section: 112-BR-2 
Geotechnical Engineer: Jacob A. Schaeffer, MPS County: Livingston 
Structural Engineer: Nathan Rick, GRAEF Contract: 66E68 
 
Indicate the proposed structure type, substructure types, and foundation locations (attach plan and elevation 
drawing):  The proposed structure will be a 2-lane, 3-span girder bridge on open abutments, with an approximate 
length of 190.3 feet.  The proposed structure width will be approximately 36 feet wide.  The current Type, Size, and 
Location (TSL) drawing indicates that the abutments are proposed to be supported on driven piles and the interior 
piers will be supported on drilled shafts.  Load information provided by GRAEF indicates factored loads of 891 kips at 
the abutments and 1,631 kips at the piers.  Based on the preliminary information provided, it is our understanding that 
staged construction will be utilized for construction of the new bridge. 
Discuss the existing boring data, existing plans foundation information, new subsurface exploration and 
need for any additional exploration to be provided with SGR Technical Memo (attach all data and subsurface 
profile plot):  Three borings were drilled as part of a previous study that took place in October of 1966. It is unknown 
at this time the type of drill rig used to drill these borings.  
 
Two additional borings were drilled on January 24 and 25, 2018.  The borings were drilled using a CME-75 drill rig.  
The borings were advanced using hollow-stem auger drilling methods. Samples were obtained at 2.5-foot intervals in 
the 2018 borings until shale bedrock was encountered.  The borings were then sampled using modified standard 
penetration tests (MSPT). Split-spoon samples were recovered using a 2-inch outside-diameter sampler, driven by a 
CME autohammer. This hammer has an energy efficiency rating of 93%. 
 
Unconfined compression tests were performed on selected split-spoon samples using a Rimac field testing machine 
in the 1966 borings and pocket penetrometer readings were used on the 2018 borings. The resulting estimated 
unconfined compressive strengths are reported on the boring logs. 
 
Approximately 9 to 13.5 feet of fill material was encountered at all of the boring locations, with the exception of Boring 
B-1 (1966).  The fill generally consists of silty clay, silty clay loam, fine sand, and sandstone.  Secondary materials 
consisting of construction debris was observed in Boring B-2 (2018).  Moisture contents vary from 8 to 27%. The 
standard penetration test (N) values range from 5 to 18 blows per foot (bpf). Rimac unconfined compression test 
values on samples range from 0.2 to 2.0 tons per square foot (tsf). Pocket penetrometer values taken in the fill 
ranged from 2.0 to 4.0 tsf. 
 
Natural soils consisting of silty clay loam, sandy loam, sandy clay loam, silty loam, silty clay, silt, and clay were 
observed beneath the fill and above the shale bedrock.  Secondary materials consisting of gravel were observed 
within the strata.  Moisture contents vary from 15 to 27%. The standard penetration test (N) values range 4 to 26 
blows per foot (bpf). Rimac unconfined compression test values on samples range from 0.2 to 3.7 tons per square 
foot (tsf), with outlier values of 4.7 tsf.  Pocket penetrometer values taken in the natural soil ranged from 1.5 to 4.0 tsf. 
 
Shale or siltstone bedrock was encountered at all of the boring locations from depths ranging from 7.5 feet (Elev. 
626.5) to 18.0 feet (Elev. 630.4) below the ground surface.  A thin layer of shale-like clay was observed above the 
shale bedrock at boring B-3 (1966).  N-values in the shale range from 153 blows for 6 inches of penetration to 100 
blows for 1 inch of penetration.  As previously mentioned, MSPT tests were performed on the shale samples at the 
borings drilled in 2018.  The results of the tests are attached to this report. 
 
Groundwater was encountered at all of the boring locations, with the exceptions of Borings B-3 (1966) and B-01 
(2018) from Elev. 631.0 to 635 ft. 
 
A review of undermining was made using the Illinois State Geological Survey (ISGS) website for mapped coal mines 
in Livingston County, Illinois. Based on this information, the project site is unlikely to be undermined.  
  



Provide the location and maximum height of any new soil fill or magnitude of footing bearing pressure.  
Estimate the amount and time of the expected settlement.  Indicate if further testing, analysis, and/or ground 
improvement/treatment is necessary:   
The roadway profile will be raised slightly, with no more than 2 feet of fill anticipated near the abutments. No 
significant increase in embankment loading should result from the replacement of the bridges, other than beneath the 
side slopes where minimal amounts of new fill will be placed to widen the embankments near the abutments. In our 
opinion, this should not result in a significant additional load or issues related to settlement.  Downdrag on pile 
foundations is not a concern based on the anticipated depths of fill placement. 
Identify any new cuts or fill slope angles and heights.  Estimate the factor of safety against slope failure.   
Indicate if further testing, analysis or ground improvement/treatment is necessary:  The existing slope walls will 
be removed and the end slopes will be graded back to a 2-horizontal to 1-vertical (2H:1V) slope inclination.  Roadway 
side slopes will range from approximately 6H:1V to 3H:1V inclinations. 
A slope stability analysis was performed for the new abutment slopes of the bridges utilizing the STABL, a computer  
program developed for the Federal Highway Administration. In accordance with the IDOT Geotechnical Manual, 
Section 6.10.3, the minimum factor of safety (FOS) required is 1.5 for end-of-construction of fill slopes. Based on the 
preliminary plans, it is our understanding that fills along the side slopes will not exceed approximately 3 feet, and cuts 
along the side slopes will be a maximum of 5 feet.  Based on that information, it is our opinion that slope stability 
along the side slopes is not a concern and an analyses of the side slopes was not performed.  Analyses of these 
conditions indicate the slopes as designed are presented below. The output sheets for these analyses are attached to 
this report.  
 
CALCULATED CRITICAL FACTOR OF SAFETY 
 
Location  Calculated Factor of Safety 
          End-of-Construction    
West Abutment      1.71                       
East Abutment      1.82                       
 
The seismic condition was not evaluated for the abutment slopes since the site is located within Seismic performance 
zone 1 and the effects of seismicity should have little impact on the stabiility of the slopes.   
 
Indicate at each substructure, the 100-year and 200-year total scour depths in the Hydraulics report, the non-
granular scour depth reduction, the proposed ground surface, and the recommended foundation design 
scour elevations:  Due to the of shale observed near the streambed elevation (Elev. 628.75, determined from TSL 
drawing provided by GRAEF) at the borings in relation to the proposed center pier locations, the scour should be 
assumed to be taken as 100 percent (%) of the scour predicted in the Hydraulic Report (0% reduction in scour depth) 
within the overburden and 10 percent (%) of the scour predicted in the Hydraulic Report (90% reduction in scour 
depth within the shale. Abutment slope protection should be included to protect against scour potential. 
Countermeasure options for scour at bridge locations include webwalls to eliminate debris collection between 
columns, riprap, partially grouted riprap, geotextile sand containers, and sheet piling. We recommend that at a 
minimum, riprap be placed to provide some protection for the pier locations.  Skin friction and lateral load design 
values for piers and driven piles should be ignored in the scour zone. Based on information provided by IDOT, the 
design scour elevations for the 100-year, and 200-year events for the bridges are shown in the table below.  
 
SUMMARY OF DESIGN SCOUR ELEVATIONS 
                                                                                           
       Event/Limit State Design Scour Elevations (ft.)            Item 
                         W. Abut.  Pier 1  Pier 2   E. Abut.      113 
                        Q100 643.00  625.92  625.92  643.00         8 
                        Q200 643.00  625.28  625.28  643.00 
                        Design 643.00  625.92  625.92  643.00 
                        Check 643.00  625.28  625.28  643.00 
 
 
Determining the seismic soil site class, the seismic performance zone, the 0.2 and 1.0 second design 
spectral accelerations and indicate if that the soils are liquefiable:  Although several significant areas of seismic 
activity are present in the central United States, the site area is most directly affected by the Wabash Seismic Zone, 
located in south and east-central Illinois. An assessment of seismic criteria in accord with AASHTO 2009 Guide 
Specifications for LRFD Seismic Bridge Design has been performed for the site. The IDOT Spreadsheet “Seismic Site 
Class Determination” was used to determine a Soil Site Class C for the abutments and intermediate piers. The United 
States Geological Survey (USGS) Design Maps Summary Report website was used with the Site Class C 
classification to provide acceleration coefficient values Sds of 0.133 g and Sd1 of 0.078 g. The results of the Site 



Class determination and the Design Maps Summary Report are attached to this abbreviated SGR. Based on the 
information provided in the boring logs, the soils on site are not considered to be potentially liquefiable. 
 
Based on the guidelines in the IDOT All Geotechnical Manual Users (AGMU), including Table 3.15.2-1 in that 
manual, the Seismic Performance Zone is 1. 
Confirm feasibility of the proposed foundation or wall type and provide design parameters.  Attach a pile 
design table indicating feasible pile types, various nominal required bearings, factored resistances available 
and corresponding estimated lengths at locations where piles will be used.  Provide factored bearing 
resistance and unit sliding resistance at various elevations and confirm no ground improvement/treatment is 
necessary where spread footings are proposed.  Estimated top of rock elevations as well as preliminary 
factored unit side and tip resistance values shall be indicated when drilled shafts are proposed:  Several 
potential foundation options were considered for the support of the new bridge structure, including steel H-piles, metal 
shell piles, drilled shafts, and shallow foundations.  Metal shell piles are not recommended because of the proximity 
of bedrock and risks of pile damage.  Based on the current TSL drawing, it is our understanding that steel H-piles are 
being considered to support the abutments and drilled shafts are being considered to support the interior piers.  
These options both appear to be suitable.  In addition, shallow foundations may be considered as an alternative 
option for supporting the interior piers due to the elevation of shale bedrock being relatively shallow. 
 
DRIVEN PILES 
The bridge structure may be supported on driven pile foundations. Pile capacities and driving depths have been 
assessed using the IDOT pile design spreadsheet “Pile Capacity and Length Estimates,” version 10/18/2011. Copies 
of a typical input spreadsheet giving the input parameters for each substructure, and the corresponding summary 
sheets for the various pile types that are analyzed by the spreadsheet, are attached to this report. These tables give 
the pile embedment length to develop various capacities, up to that approaching the factored design capacity of the 
pile. The tables were prepared for pile lengths corresponding to selected depths of the input stratigraphy.  The piles 
exhibited in the tables are the piles that are readily available in accordance with the IDOT Geotechnical Manual. It 
should be noted that H-Piles driven into shale may run shorter than the IDOT pile design length spreadsheets 
estimate.  Information regarding the elevation of ground surface against pile driving and pile cut off elevations were 
provided by GRAEF.  MPS recommends a minimum driven pile spacing of three pile diameters, as recommended by 
the IDOT Bridge Manual.  Due to the anticipated shallow depth of bedrock, as well as the boring indicating 
construction debris and gravel, we suggest using pile shoes when driving.  We recommend at least one test pile at 
one of the abutments, preferrably at the location that will require greater pile lengths. 
 
Based on the information provided in the All Bridge Designers Memorandum (ABD) 12.3 an integral abutment 
feasibility analysis shows that the following H-pile sizes may be utilized at the proposed abutments: 
HP 10x42, HP 12x53, HP 10x57, HP 12x63, HP 12x74, HP 14x73, HP 12x84, HP 14x89, HP 14x102, and HP 14x117 
 
SHALLOW FOUNDATIONS 
The field and laboratory data was used to assess the mean values of compressive strength for the shale.  On this 
basis, spread footings bearing on competent shale bedrock may be designed for a factored bearing resistance of 
15.0 ksf, based on a resistance factor of 0.45.  Top of shale elevation may vary between approximately Elev. 626 to 
628.  A resistance factor of 0.50 may be used in analyzing resistance to sliding.  Shallow foundations should be 
embedded below the anticipated scour depths. 
 
Conditions may vary away from the boring locations.  If designed for stiff soil support and soft material is encountered 
in some areas, the soft soil should be removed until stiffer materials are encountered.  If designed for bedrock 
support and soil is instead encountered in some areas, then the soil should be removed until the competent shale 
surface is exposed, and the removed materials replaced with lean concrete fill.  It is also possible that shale could be 
encountered away from the boring locations at elevations higher than anticipated.  The contract documents should be 
prepared so that unit rates to handle such a situation are part of the bid evaluation process.    
 
If the foundations are to bear upon shale, or if shale is encountered in excavations away from the boring locations at 
higher elevations than encountered at the borings, the moisture content of the materials must be maintained as near 
the natural state as possible. Water introduced to the shale may induce swelling. Conversely, if the shale is allowed 
to dry, the material may shrink during construction, and later cause damaging swell if a water source becomes 
available during or after the construction period.  
 
Immediately after exposure, the shale should be observed for “slaking” behavior, which is the rapid disintegration of 
the material from rock-like to soil-like behavior. Under such circumstances, the stability of an excavation can be short-
lived, as the disintegrating shale particles can begin cascading and slumping into the excavation. This can often be 
controlled by applying shotcrete over the excavation wall and floor immediately upon exposure at the planned grades 
and elevations; however, greater effort is sometimes required in situations where the shotcrete does not successfully 



adhere to the shale. 
 
DRILLED SHAFTS 
MPS understands that drilled shafts have emerged as a possible option to support the new bridge structure at the 
pier locations.  Drilled shafts may be designed to provide capacity from both side and tip resistance within the zone of 
the bedrock socket.  
 
The contractor should be prepared to handle groundwater seepage into the pier excavations and the potential for 
sloughing or caving of the pier sidewalls. A temporary casing and pumps may be necessary for pier construction, as 
the fill soils are likely to cave if unsupported. 
  
Each pier should be cast the same day it is completed and approved. For dry hole placement, the pier base should 
be continually pumped as necessary to prevent the accumulation of water. No more than 2 inches of water 
accumulation should be allowed at the time of concrete placement. Concrete should be placed in a manner to prevent 
segregation. If temporary casing is necessary to prevent caving or sloughing of the pier sides, it should be extended 
to the pier base and left in place until several feet of concrete is placed in the pier. A minimum of 5 feet of concrete 
should be maintained above the casing bottom as it is withdrawn during concrete placement. 
It is important that the pier excavations be observed by an experienced representative to verify the bearing conditions 
before being filled with concrete. During concrete placement, the geotechnical representative would also observe for 
proper placement to reduce the potential for voids in the concrete.  
 
A factored side resistance value for the bedrock socket of 6.2 ksf is recommended for competent shales below an 
approximate elevation of Elev. 626.5 at the site.  As previously mentioned, conditions may vary between boring 
locations.  This value includes a geotechnical resistance factor of 0.5. It should be assumed that the upper 2 feet of 
the socket will not contribute to side resistance in consideration of uncertainties caused by the potential for 
weathering of the upper bedrock surface. Uplift resistance of the shaft should only rely on the bedrock socket side 
friction.  An uplift resistance factor of 0.40 is recommended based on AASHTO LRFD Bridge Design Specifications 
(2010).  A factored tip resistance value for the bedrock of 40.0 ksf is recommended for the competent shales.   
 
If drilled shafts are chosen as the foundation support for the piers of the new bridge, MPS can provide parameters for 
use in design of the lateral capacity of the drilled piers based on the boring information, using L-PILE Version 2012-
06.  Lateral load resistance and induced lateral deflection are typically assessed using finite difference computer 
models based on the lateral modulus-of-subgrade reaction, such as LPILE 2012-06. Piers should be maintained at a 
spacing no closer than three pier diameters, center-to-center, so that stress overlap at the bearing level can be 
avoided, to reduce lateral capacity interaction, and so that possible installation problems associated with one 
structural member do not impact the integrity of the adjacent member.   
 
Calculate the estimated water surface elevation and determine the need for cofferdams (type 1 or 2), and seal 
coat:   Based on the understanding that drilled shafts with webwalls are planned, a cofferdam and seal coat are not 
needed at this time. 

Assess the need for sheeting or soil retention or temporary construction slope and provide recommendation 
for other construction concerns:  The construction activities should be performed in accordance with the current 
IDOT Standard Specifications for Road and Bridge Construction. Trenching, excavating, and bracing should be 
performed in accordance with Occupational Safety and Health Administration (OSHA) regulations, and other 
applicable regulatory agencies. In accordance with the OSHA excavation standards, the soil at the site is considered 
to be Type C, which requires a side slope for excavations no steeper than 1.5H:1.0V. However, worker safety and 
classification of the excavation soil is the responsibility of the contractor.  
 
It is possible that the excavation side slopes for structure foundations may interfere with existing utilities in some 
areas, which could require a temporary soil retention system. In addition, temporary soil retention systems may be 
needed in front of the existing abutments.  Cantilever sheet piling may be adequate where the height of the retained 
soil will be limited. However, because of the relatively shallow bedrock, sheet piles with tie-back anchors, soil nail 
walls, soil screw walls, or other potntial options may be needed for retained soil of greater heights. Selecting and 
designing the most appropriate retention methods for each specific situation is typically the responsibility of the 
contractor.   
 
Traffic along IL-116 will be maintained by utilizing staged construction. 
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