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1.0 BACKGROUND

The Port of Cleveland project site is located in Cleveland, Ohio, on the north side of Front Street, between 

the Cuyahoga River and West 3rd Street.  The site is bounded by Lake Erie on the north, the Cuyahoga River 

on the west, West 3rd Street on the east, and existing railroad tracks on the south.  The property is actively 

used by the Cleveland-Cuyahoga County Port Authority.  The site is generally fl at with concrete paved roads, 

asphalt paved laydown and parking areas, and gravel-covered laydown areas.

NTH understands that the Cleveland-Cuyahoga County Port Authority plans to expand railroad infrastructure 

at the Port of Cleveland.  The proposed site improvements include bridge and roadway construction 

associated with the rail improvements.   The bridge is designated as Structure No. 1, and it will be a 26-foot 

long, single-span plate-girder bridge with abutments bearing on piles.  Structure No. 1 will be built between 

an existing silo structure and the Cuyahoga River bulkhead wall.  Two other structures, Structure Nos. 2 and 

3, will support the new rail elements over existing utilities.  Structure No. 2 will be located where West 9th 

Street meets Dock 22, and Structure No. 3 will be located on the east side of the site near the proposed road 

and railway connections.  At this time, we understand that Parsons Brinckerhoff  (PB) is evaluating both a 

reinforced concrete structural slab-on-grade with turned-down edges, and a protective casing (culvert-type 

system) over the existing utilities.  Both options will be designed to support rail and cargo-carrying truck 

traffi  c over the utilities.

In addition to the proposed structures, the project includes construction of approximately 4,500 feet of new 

railway and 2,000 feet of new roadway.  Both the proposed railway and roadway will connect to existing 

infrastructure on the east side of the site.

2.0 GEOLOGIC SETTING

According to the “Physiographic Regions of Ohio,” published by the Ohio Department of Natural Resources 

(ODNR), the project area is located in a geologic region referred to as the Erie Lake Plain, on the Portage 

Escarpment.  The project site is located at the northern boundary of the Erie Lake Plain physiographic region.  

The site is located north of the glacial boundary line, indicating that the site was covered by soil, rock, and ice 

which were aff ected by glacial movements and deposits during the most recent glacial advance.

The Erie Lake Plain is characterized by the ODNR as follows:
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 “Edge of very low relief (10’), Ice-Age lake basin separated from modern Lake Erie by Shoreline cliff s;  

 major streams in deep gorges; elevation 570-800 feet.”

 “Pleistocene-age lacustrine sand, silt, clay, and wave-planed till over Devonian- and Mississippian- 

 aged shales and sandstones.”

In general, the Physiographic Map indicates that the site is characterized by fl at glacially deposited moraine 

soils.  The Glacial Map of Ohio, a separate ODNR publication, also indicates that the site is generally 

characterized by lake deposit soils, consisting of primarily fi ne-grained clay and silt-size sediments.

3.0 HISTORICAL DATA

At the start of the project, NTH received a geotechnical exploration report for a 1991 geotechnical 

investigation, drawings of existing Port of Cleveland facilities, and bulkhead construction plans.  The historic 

information provided to NTH is included in Appendix B.

3.1 Previous Geotechnical Explorations

NTH was provided with a 1991 David Lewin Corp. geotechnical investigation report, which included 

discussion of several historical borings and which was prepared for URS Consultants and the Cleveland 

Port Authority.  This report (designated as project number C. 4533) summarizes eighteen (18) test borings 

performed in 1989 and 1990, as well as other investigations performed at the Port of Cleveland.  The General 

Site Plan shows a total of 96 test borings performed, including eighteen (18) L-series borings performed for 

the 1991 report and thirty (30) B-series test borings performed for David V. Lewin Corporation in 1977 and 

1978 (Lewin Project Nos. C. 3033 and 3033A).  NTH was not provided with test boring logs for the other forty-

eight (48) test borings shown on the 1991 report’s General Site Plan.  

The 1991 report states, “The subsurface stratifi cation on the site is typically seen as man-deposited 

heterogeneous fi ll underlain by relatively thin deposits of sand and/or silt which are in turn underlain by silty 

clay.” The report also states that shale bedrock was generally encountered between elevations 440 and 445, 

with one location as high as elevation 467 and another location as low as elevation 429.  
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NTH utilized the historic test borings information during the preparation of our proposal and boring layout. 

3.2 Port of Cleveland Historic Drawings

The Port of Cleveland also provided NTH with historic facilities drawings.  These historic drawings show 

general views of the Port of Cleveland facilities, including docks 24 to 32, warehouse facilities, rail lines, and 

water and electric utilities.  

3.3 River Bulkhead and Infrastructure Improvements 1997 Plans

NTH was provided with a 1997 set of construction documents prepared by Finkbeiner, Pettis, and Stout, Inc. 

(FPS) for river bulkhead improvements.  The plans show existing utilities and the approximate location of the 

river bulkhead tieback anchors. 

4.0 FIELD INVESTIGATION

The current geotechnical investigation fi eld work was conducted from August 11 to 23, 2011.  A total of 

thirteen (13) test borings were drilled.  Prior to the start of fi eld explorations, test borings were located in 

the fi eld by an NTH engineer based upon preliminary layout, utility clearance, and site accessibility.  The test 

borings were performed by our drilling subcontractors, Northcoast Drilling Inc. and Ohio TestBor Inc., under 

the full-time oversight of our engineering staff .  As-drilled test boring locations are shown on the Test Boring 

Location Plan, Figure No. 1 in Appendix A.     

4.1 Soil Sampling

Soil samples were obtained using a standard split spoon sampler in accordance with the Standard 

Penetration Test (SPT) method.  The SPT method (ASTM D1586) consists of driving a two-inch outside 

diameter split-barrel sampler into the soil with a 140-pound weight falling freely through a distance of 30 

inches.  The sampler is generally driven three successive six-inch increments, with the number of blows for 

each increment being recorded.  The number of blows required to advance the sampler the last 12 inches is 

termed the Standard Penetration Resistance (N).  
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Within the test borings, soil samples were generally obtained at 2 ½-foot intervals to a depth of 10 feet and 

then at 5-foot intervals to the respective planned termination depth.  Based on our assumptions during the 

proposal preparation, we expected to encounter bedrock at a depth of about 120 feet below the ground 

surface.  During our investigation at test boring location B-02, we did not encounter bedrock up to a depth of 

136 feet.  It is our experience and within ODOT’s standards that borings performed for deep foundations may 

be terminated prior to encountering bedrock provided that 30 feet of material with N values more than 30 

blows per foot are encountered.  Our test borings B-01 and B-02 were terminated after meeting this criterion.  

Soils meeting this criterion are generally considered suitable for support of deep foundations by developing 

suffi  cient skin resistance, which will be discussed later in this report.

Soil samples recovered from the split-barrel sampler are designated as “S” on the test boring logs.  The 

soil samples obtained with the split-barrel sampler were sealed in jars and transported to our laboratory 

for further classifi cation and testing.  Samples obtained using the SPT method are generally considered 

disturbed.

During the fi eld investigation, our fi eld engineer made observations of the ground water level and apparent 

layer changes due to changes in drilling resistance, and other relevant observations.  The NTH fi eld engineer 

also directed sample collection, classifi ed the soils in the fi eld, and modifi ed the fi eld exploration as 

necessary to obtain appropriate subsurface information.  The fi eld engineer obtained pocket penetrometer 

measurements on cohesive soil samples in the fi eld as an aid in evaluating their compressive strengths.  The 

pocket penetrometer is designed to estimate the unconfi ned compressive strength for soils with strengths in 

the range of 1,000 to 9,000 pounds per square foot (psf ).  The pocket penetrometer values are indicated on 

the respective test boring logs included as Figure Nos. 3 to 18 in Appendix A.  As a guide to the classifi cations 

and sampling methods for soil materials, NTH General Notes are presented as Figure No. 2 in Appendix A.

The stratifi cation shown on the test boring logs represents the general subsurface conditions encountered at 

the actual boring locations.  Variations may occur between the borings.  Additionally, the stratigraphic lines 

represent the approximate boundary between soil types; however, the transition may be more gradual than 

what is shown.  We have prepared the boring logs included with this report on the basis of fi eld classifi cation 

supplemented by laboratory observation and testing.
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5.0 LABORATORY TESTING

A limited number of representative soil samples obtained during the fi eld investigation were subjected to 

laboratory testing to determine moisture content, grain size distribution, and Atterberg limits.  Results of 

the natural moisture content, unit weight, and unconfi ned compression strength tests are included on the 

individual Logs of Test Boring.   Results for the moisture contents, Atterberg Limits, and grain-size analysis 

testing are presented in the Tabulation of Laboratory Test Data, Figure No. 19 in Appendix A.  The grain-size 

distribution curves are presented as Figure Nos. 20 through 25 in Appendix A. 

6.0 SUBSURFACE CONDITIONS

6.1 Roadway Borings (Test Boring Locations B-06, B-07, B-08, and B-09)

Test borings B-06, B-07, B-08, and B-09 were drilled to assess the existing subsurface soil’s suitability as 

subgrade for the planned roadway improvements at the Port of Cleveland.  At all four of these boring 

locations, we encountered granular fi ll materials from the ground surface to their planned termination depth 

of ten feet.  The fi ll material consists of sand, gravel, brick, and asphalt fragments.  In general the fi ll materials 

near the surface have higher N-values and are medium compact to very compact.  Fill materials encountered 

at depths of 5 to 10 feet were generally loose to medium compact.  The N-value of the fi ll material ranges 

from 5 to 42 blows per foot with an average N-value of about 16 blows per foot.

6.2 Railway Borings (Test Boring Locations B-10, B-11, B-12, and B-13)

Test borings B-10, B-11, B-12, and B-13 were drilled to assess the existing subsurface soil’s suitability as 

subgrade for the planned railroad improvements.  At all four of these boring locations, we encountered 

granular fi ll materials.  The fi ll materials consist of sand, gravel, asphalt fragments, cinders, slag, taconite 

pellets, brick fragments, and limestone fragments.  The N-value of the fi ll materials ranges from 9 to 78 blows 

per foot (bpf ) with an average of 35 bpf.  At two of the boring locations, B-10 and B-13, we encountered 

natural sand and sandy silt layers below the granular fi lls but prior to their termination depth of ten feet.  

The N-value of the natural sand and sandy silt ranges from 4 to 21 blows per foot with an average N-value of 

about 35 blows per foot.  
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6.3 Bridge Borings (Test Boring Locations B-01 and B-02)

Test borings B-01 and B-02 were drilled to assess existing subsurface conditions as they relate to the design 

of a railroad bridge with deep foundation elements.

At test boring locations B-01 and B-02, we encountered fi ll materials extending from ground surface to 

depths of 15 and 19 feet below ground surface (bgs), respectively.  The fi ll materials are underlain by soft to 

medium gray silty clay to a depth of about 59 feet bgs, which is then underlain by stiff  to very stiff  gray silty 

clay to a depth of 81 feet bgs.  We encountered very compact gray silt and sandy silt between 81 and 92 feet 

bgs.  We encountered very hard sandy clay between 92 and 103 feet bgs.  We encountered very compact 

clayey silt and compact gray sand between 103 and 118 feet bgs.  We encountered compact to very compact 

gray silty sand from 118 to 130 feet bgs.  We encountered very compact clayey silt from 130 to 136 feet bgs.

The N-value of the fi ll materials ranges from 9 to 65 bpf with an average of 42 bpf.  The N-value of the soft to 

medium gray silty clay ranges from 3 to 7 bpf with an average N-value of 5 bpf.  The estimated unconfi ned 

compressive strength of the soft to medium gray silty clay ranged from 500 to 2500 pounds per square foot 

(psf ).  The N-value of the stiff  to very stiff  gray silt clay ranges from 10 to 28 bpf with an average N-value of 18 

bpf.  The estimated unconfi ned compressive strength of the stiff  to very stiff  gray silty clay ranged from 2000 

to 7000 psf.  The N-value of the very compact gray silt and gray sandy silt ranges from 55 to 100 bpf with an 

average of about 90 bpf.  The N-value of the very hard sandy clay ranges from 32 to 81 bpf with an average 

N-value of about 57 bpf, and it has an estimated unconfi ned compressive strength greater than 9000 psf.  The 

very compact clayey silt and compact gray sands encountered between depths 103 and 118 have N-values 

that range from 35 to 53 bpf with an average N-value of 44.  The compact to very compact gray silty sands 

encountered from 118 to 130 feet have N-values that range from 45 to 59 bpf with an average N-value of 53 

bpf.  The very compact clayey silt encountered from 130 to 136 feet has an N-value of 58 bpf.

6.4 Utility Protection Structure Borings (Test Boring Locations B-03, B-04, and B-05)

Test borings B-03, B-04, and B-05 were drilled to assess subsurface conditions at the location of two planned 

utility protection structures.  Borings B-03 and B-04 were drilled for Structure No. 2, and boring B-05 was 

drilled for Structure No. 3.



7

6.4.1 Structure No. 2 (Test Boring Locations B-03 and B-04)

We encountered loose to medium compact fi ll materials from ground surface to a depth of 18-1/2 feet bgs at 

boring location B-03.  The fi ll materials consist of sand, gravel, rock fragments, brick fragments, and asphalt.  

The N-values of the fi ll materials range from 8 to 27 bpf with an average N-value of 19 bpf.  The fi ll materials 

are underlain by very loose to loose dark gray fi ne sand to the boring termination depth of 25 feet.  The fi ne 

sand has N-values that range from 4 to 10 bpf with an average N-value of 7 bpf.  

We encountered compact fi ll materials from ground surface to a depth of 7 feet bgs at boring location 

B-04.  The fi ll materials consist of sand, gravel, brick fragments, and concrete fragments.  N-values of the fi ll 

materials range from 35 to 37 bpf.  Soft black organic silty clay fi ll, with an N-value of 2 bpf, is present from 7 

to 8 feet bgs.  We encountered a gray, fi ne-grained sandstone boulder at a depth of 8 feet which precluded 

further soil sampling at location B-04.  Subsequently, B-04 was off set two additional times (locations B-04a 

and B-04b).  At both B-04a and B-04b, we encountered obstructions at depths of about 5 feet bgs and were 

forced to off set the borehole location again.  On the third off set attempt (location B-04c), we were able to 

complete the boring to a depth of 25 bgs.  We encountered fi ll materials containing black sand and slag at 

depths from 13 feet to 17 feet bgs.  The N-value of the fi ll is 35 bpf.  We encountered compact gray sand to a 

depth of 22 feet bgs, with an N-value of 30 bpf.  The gray sand was underlain by medium gray clayey silt with 

an N-value of 6 and an estimated unconfi ned compressive strength of 1000 psf.

6.4.2 Structure No. 3 (Test Boring Location B-05)  

We encountered fi ll materials from the ground surface to a depth of 12 feet bgs at test boring location B-05.  

The top three feet of fi ll consisted of medium compact clayey silt, with some sand, gravel, and asphalt and 

brick fragments.  This fi ll has an N-value of 15 blows per foot.  The clayey silt fi ll is underlain by loose to very 

loose sand, gravel, asphalt, and brick fragments to a depth of 12 feet.  These fi ll materials have an N-value 

that ranges from 2 to 6 blows per foot with an average N-value of 4.  The sand fi ll is underlain to a depth of 

18-1/2 feet bgs by natural loose gray sand with an N-value of 8 blows per foot.  We encountered stiff  gray silty 

clay with red mottling from 18-1/2 feet to the termination depth of 25 feet.  The silty clay has an N-value of 10 

blows per foot and an estimated unconfi ned compressive strength that ranges from 3000 to 5000 psf.
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6.5 Groundwater Conditions

Groundwater was encountered in test borings B-03, B-05, B-07, B-08, B-10, and B-11 during drilling.  The 

depth to groundwater at the time of drilling ranged from 5.6 to 12.9 feet bgs.  Groundwater levels at the 

project site are expected to vary over time and to be hydraulically connected to the Cuyahoga River and Lake 

Erie.

7.0 CONCLUSIONS AND RECOMMENDATIONS

7.1 Subgrade Preparation

All vegetation, topsoil, asphalt and concrete pavements, and other deleterious non-soil materials, as well as 

any other exposed soils containing appreciable amounts of organic matter or debris, should be removed 

in their entirety from within the proposed construction limits.  Any abandoned utilities and underground 

structures located within 3 feet vertically of the proposed fi nished grade or the base of shallow foundations 

should be removed.  Upon reaching the “at-grade” and “cut” subgrade elevations, proof-rolling should be 

performed in accordance with Item 204.06 of the Ohio Department of Transportation (ODOT) Construction 

and Material Specifi cations (CMS), January 1, 2010.  We recommend the proof-rolling be performed during 

dry weather conditions.  Areas that exhibit excessive defl ections during proof-rolling should be stabilized by 

removing and replacing the failing materials with engineered fi ll.

Engineered fi ll required to achieve design grades should preferably consist of clean granular soils, such as 

natural sands.  The natural on-site sandy soils may be used for engineered fi ll provided that they are free 

of organic matter and debris and signifi cant amounts of silt and clay.  We do not recommend clayey silt or 

clayey sand materials be used as engineered fi ll.  These soils tend to have a very narrow moisture content 

range to achieve proper compaction.  Engineered fi ll should be placed in loose lifts no more than 8 inches 

thick and compacted to a least 98 percent of the maximum dry density as determined by the Standard 

Proctor method (ASTM D698).  Upon reaching the “at-grade and “cut” subgrade elevations, proof-rolling 

should be performed.

During the drilling of B-04 for Structure No. 2, we encountered soft organic silty clay from a depth of 7 feet 

to 8 feet bgs.  Based on the anticipated construction scope, this material will not be encountered during 
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excavations, and the material may be left in place, provided the recommendations in this report are followed.  

If for some reason the excavations do encounter this material, we recommend removing the organic soils and 

replacing them with engineered fi ll or controlled low-strength mortar / fl owable fi ll.  

7.2 Railroad Ballast and Subballast

NTH understands that the railroad extension rails will be placed roughly at or above the existing ground 

surface.  NTH recommends that the ballast and sub-ballast thicknesses be determined from the current 

edition of the American Railway Engineering and Maintenance-of-way Association (AERMA) Manual for 

Railway Engineering.  Laboratory sieve and hydrometer analyses on selected samples indicate that the soils 

near the likely subgrade elevation consist of either fi ne-grained sand, which classifi es as SM in the Unifi ed 

Soil Classifi cation System (USCS), or clayey silt, which classifi es as CL.  Based on the results of the grain-size 

distribution testing and sub-ballast stone sizing determined by the design engineer, a geotextile fi lter fabric 

may be required to segregate the subgrade soils from the railroad ballast and sub-ballast.  If required by 

the design engineer, we recommend the geotextile fabric have a minimum tensile strength of 180 pounds, 

minimum tear and puncture strengths of 70 pounds, and an apparent opening size less than or equal to 0.3 

mm.  

7.3 Road Subgrade Design Parameters

The subgrade resulting from the satisfactory completion of site preparation operations should be suitable for 

the support of pavements anticipated for this project.  We anticipate that the pavement subgrade will consist 

primarily of existing fi ll or engineered fi ll.  Assuming proper subgrade preparation and considering the 

impact of seasonal moisture and temperature variations on the anticipated subgrade soils, we recommend 

an eff ective California Bearing Ratio (CBR) of 4 percent for development of the pavement cross-sections.  The 

corresponding resilient modulus (Mr) of 4,800 psi can also be used for the design of the pavement section.

Consideration for drainage is of the utmost importance in order for the pavements to perform as intended, 

and incorporation of subsurface drainage will help to minimize the detrimental eff ects of groundwater 

that may shorten the pavement’s design service life.  The pavement and underlying subgrade should be 

adequately crowned or sloped to promote eff ective surface and subsurface drainage and to prevent ponding 
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of water both above and beneath the pavement structure.  It is recommended that the pavement and 

subgrade soils have a minimum slope of 1 percent, and preferably 1.5 percent, to achieve proper drainage.

7.4 Pavement Design

Parsons Brinkerhoff  provided NTH with an anticipated traffi  c loading of 400 trucks per day and 100 cars 

per day.  We have assumed this traffi  c consists of single axle trucks.  Based on these assumptions, we have 

estimated the equivalent single axle load (ESAL) per day to be about 400 ESAL.  For a 20 year design life 

of asphalt pavement, this equates to about 2,500,000 design ESALs.  For a 30 year design life of concrete 

pavement, this equates to about 3,750,000 design ESALs.

We performed a pavement design analysis using methodology presented in the 1993 AASHTO Guide for 

Design of Pavement Structures.  Assuming the design ESALs above, we recommend the following fl exible 

pavement cross section:

1.25 inches of ODOT 448 Asphalt Concrete Surface Course, Type 1, medium traffi  c, PG64-22, over

3.00 inches of ODOT 448 Asphalt Concrete Intermediate Course, Type 2, medium traffi  c, PG64-28, over

3.00 inches of ODOT 301 Asphalt Concrete Base Course, PG 64-22, over

9 inches of ODOT 304 Aggregate Base.

Parsons Brinkerhoff  also asked NTH to analyze a 3 inches thick asphalt pavement section. .  Given the traffi  c 

loading described above, we calculated a 3-inch pavement section over a 9 –inch ODOT 304 base would have 

a design life of approximately 10 years.  

As an alternatative to the fl exible pavement section, we evaluated the required cross section assuming a rigid 

pavement cross section.  We assumed a pavement life of 30 years. The resulting concrete pavement section is 

as follows:

8.00 inches of reinforced Portland Cement Concrete, over

6.00 inches of ODOT 304 Aggregate Base.

Results of our pavement analysis are presented on Figure Nos. 26 and 27 in Appendix A.
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Design of the pavement section is based on a complete removal and replacement of existing soils and 

pavements to suffi  cient depth to accommodate the new pavement section as specifi ed.  Re-use of any 

of the existing pavement section or materials would need to be reviewed based on site and area-specifi c 

conditions.  Re-use of existing materials or pavement structure may not be feasible due to the thickness 

of existing materials or restriction of elevation or grade changes.  We recommend a qualifi ed professional 

engineer be consulted to evaluate, on a case by case basis, reuse of the existing pavement structure.  

If additional design ESALs are required to support the anticipated traffi  c loads, additional subgrade 

improvements or a thicker pavement section may be necessary.

This design is based on the assumption that a total settlement of approximately one inch is acceptable 

for pavements founded on the existing fi ll materials.  If this assumption is not acceptable, we recommend 

undercutting of the existing fi ll soils to a depth of up to 5 feet below the proposed subgrade and replacing 

the in-place soils with engineered fi ll.  The fi nal depth of undercut should be determined in the fi eld by a 

qualifi ed geotechnical engineer or his representative.  The fi eld personnel should be qualifi ed to observe 

deleterious material and material that is adequate for support of the planned construction.

The design lives calculated using the 1993 AASHTO method are based on the assumption that the Owner 

institutes a regular maintenance program over the life of the pavement.   This would include regular crack 

sealing, repair of isolated failed sections, and maintenance of adequate surface and subsurface drainage.  

The actual life of an asphalt pavement may be reduced considerably if these maintenance measures are not 

performed on a regular and frequent basis.

7.5 Groundwater Control

Groundwater was encountered at depths ranging from about 5 feet to 13 feet bgs.  We anticipate light 

groundwater infi ltration in relatively shallow excavations (less than 5 feet) for shallow foundations and 

utilities can be reasonably controlled by the use of localized sump pits and pumping. We anticipate 

that heavy precipitation can also be controlled in a similar manner.  Care should be taken to ensure that 

excavations are left open for as little time as possible to protect the bearing soils from disturbance by 

ponded water or construction traffi  c.
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If excavations deeper than fi ve feet are necessary, we recommend the contractor utilize a water tight earth 

support system, such as gasketed liner plates or tight sheet piling.  If watertight support systems are not 

utilized, groundwater infi ltration may result in the piping of soils into the excavation and void development 

behind the excavation walls.

Likewise, if the designer of records prefers augered pile foundations to support any proposed structures, the 

contractor should anticipate signifi cant groundwater infl ow into the foundation excavation.  We anticipate 

drilling mud would be necessary to maintain the excavation until foundation concrete and steel can be 

added.

7.6 Foundations

Structural Mat Foundations 

The subgrade resulting from the satisfactory completion of site preparation operations as outlined in this 

report can be used for support of concrete slabs-on-grade for proposed Structure Nos. 2 and 3.  In order 

to provide a uniform bearing surface, we recommend the slabs be designed with a minimum 8-inch thick 

aggregate base.  We recommend the base materials be specifi ed to meet the requirements of ODOT Item 

304.  The material may consist of crushed natural limestone or recycled concrete materials.

The concrete slab-on-grades should be suitably reinforced.  A modulus of subgrade reaction value of 150 

pounds per cubic inch (pci) can be used for design of slabs and a net allowable bearing capacity of 2000 

can be utilized for slabs bearing in the upper 3 feet.  Foundation elements are to be designed based on 

parameters presented earlier in this report.  The design parameters listed above are based on the assumption 

that recommendations outlined in the Subgrade Preparation section of this report are adhered to.  The 

parameters are also presented assuming the aggregate base is placed to the depth discussed above and 

compacted to 100 percent of maximum dry density according to the Standard Proctor method.

As part of the structural mat construction, we anticipate that the slab will have turned down edges for frost 

protection.  The turn down portion of the slabs should be extended to a minimum depth of 42-inches below 

exposed fi nished grade for protection against frost penetration.  If foundations are to be constructed during 

periods of freezing temperatures, they should be extended below the frost penetration depth or insulated 
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for protection against freezing temperatures.  Furthermore, care will be required during winter construction 

to verify that foundations are not constructed on frozen soil.  The turn down portion of the slab should be at 

least 18-inches in width, regardless of the resulting bearing pressure.

In the area of the current roadways and where Structure Nos. 2 and 3 are proposed, we anticipate total 

settlement in the range of 1/8 to 1/2 inch may occur.  Resistance to lateral loads may be provided by the 

frictional resistance at the bottom of the footings, as well as by the passive earth pressure acting against 

the side of the footings.  An allowable interface friction factor of 0.30 may be used between the base of the 

foundation and the cohesionless bearing soils.  Passive earth pressure available in compacted, engineered fi ll 

or undisturbed native soils may be taken as an equivalent fl uid pressure of 200 pounds per square foot per 

foot of depth.  These recommendations include a factor of safety of 2.0.  All fi ll and backfi ll materials placed 

beneath, above and against the sides of the footings should be compacted to specifi ed moisture content and 

density, as described in the Subgrade Preparations section of this report.

Driven Pile Foundations

Based on the previous geotechnical investigations, we understand that driven piles were successfully utilized 

for support of other structures at this site.  Therefore, we did not evaluate installation of drilled piers or 

auger cast-in-place pile foundations.  The following sections provide our recommendations for design and 

installation of driven steel piles.

NTH evaluated HP 10x42, HP 12x53, and 12-inch diameter pipe piles to support the proposed railroad bridge 

structure.  We analyzed the piles for their allowable bearing capacity assuming a factor of safety (FOS) of 

2.25.  Based on the results of our investigation, the proposed structure may be supported on either HP-piles 

or pipe piles.  However, the HP-piles are likely to be more eff ective at penetrating the upper fi ll layers.  We 

anticipate that pipe piles will require some pre-drilling in the upper 20 feet to remove obstructions.  The 

HP-piles should be driven to a minimum depth of 90 feet below the existing ground surface while the pipe 

piles may be driven to a depth of about 80 feet below grade.  The HP 10x42 and the HP 12x53 should develop 

allowable capacities of 55 and 70 tons, respectively, at a depth of 90 bgs.  The 12-inch pipe pile should 

develop an allowable capacity of 65 tons at a depth of 90 feet bgs.  Output from our analyses using FHWA’s 

software Driven 1.2 is attached for reference on Figure Nos. 26 through 28 in the Appendix.  If additional 



14

capacity is needed from each pile, the piles may be driven deeper.  However, special precautions should be 

considered to prevent over-stressing of the piles during driving.  This could include reducing the size of the 

pile hammer or hammer drop height.

PB provided NTH with a lateral load of 14.2 kips per pile.  We utilized the program L-Pile to analyze the 

defl ection of a vertical HP 12x53 steel pile under this lateral load.  Based on the results of the testing, we 

anticipate less than ½-inch of horizontal defl ection at the pile head may occur under a load of 14.2 kips.  

Please note that the lateral defl ection calculation is performed using service loads, without a factor of safety 

being applied to the load or the defl ection amount.

If the design engineer chooses to design battered piles to resist the lateral loads, they should be installed 

with inclinations no greater than 1H:4V, and the horizontal component of the force should be taken into 

consideration in the analysis.

Please note that the piles recommended for this project are not expected to reach refusal on bedrock.  The 

presence of hard and compact glacial till soils above the bedrock should allow the piles to achieve capacity 

prior to encountering bedrock.  Our recommended allowable capacities are based upon the skin friction 

component of the HP piles.  Any end bearing increases the FOS beyond 2.25 used for design.  For this reason, 

it is recommended that dynamic load tests be performed on a minimum of two (2) piles of each HP-size in 

accordance with ODOT Item 523 (Dynamic Load Test), and that a CAPWAP analysis be performed on at least 

one pile of each section tested dynamically.  The dynamic load tests will allow the establishing of driving 

criteria.  In no case, however, should the piles be allowed to refuse above Elevation 500.  If the piles refuse 

above this elevation, we should be contacted immediately and revised recommendations will be provided, if 

necessary.

In accordance with FHWA recommendations, a FOS of 2.25 should be used for piles tested dynamically.  If 

dynamic testing is not performed, a minimum FOS of 3.0 must be used for design.

The pile driving hammer type should be selected in accordance with ODOT Item 507.04, “Driving of Piles” in 

the CMS so as to avoid over-stressing the piles.  Prior to the commencement of pile driving, the contractor 

should be required to submit equipment specifi cations such that the proposed pile hammer, along with 
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the induced stresses in the pile, can be evaluated by wave equation analysis.  If excessive compressive or 

tensile stresses are predicted with this method, steps should be taken prior to pile installation to investigate 

alternative pile hammers or cushions in order to reduce the possibility of damage to the pile.  Pile driving 

may also result in slight heave of previously driven piles.  All piles raised during the driving of adjacent piles 

should be retapped.

7.7 Structures 2 and 3 Designed as Culverts

We understand PB is evaluating the concept of installing protective pipes around existing utilities for 

protection.  We anticipate the proposed pipe materials may consist of either concrete or corrugated metal. 

Trench bedding below and above the pipes should conform to the Ohio Department of Transportation 2010 

Construction and Material Specifi cations (CMS) Section 603, entitled Pipe Culverts, Sewers, and Drains.  This 

specifi cation details the thickness and type of bedding and other information pertinent to the proposed 

construction.  The trench should be excavated a minimum 12 inches below the invert level of the pipe, 

loose materials removed, and pipe bedding should be placed along the full width of the trench bottom.  

The pipe bedding should be ODOT Type 1 or Type 2 structural backfi ll and meet the requirements set forth 

in the ODOT standards and specifi cations for gradation and compaction.  The bedding materials should be 

clean and free of organics and other deleterious material.  We recommend shale or slag not be allowed as 

structural backfi ll.

We recommend compaction procedures and equipment for the pipe bedding is chosen based on ODOT Item 

603 of the 2010 CMS.  Assuming concrete and / or corrugated metal pipe are to be installed, we anticipate 

that equipment weighing less than one ton should be used for compaction of the pipe bedding materials to 

at least four feet above to pipe.  

Based on the ODOT specifi cations for Item 603, we expect that the soils excavated from the trenches will not 

meet the requirements for Type 1 and Type 2 structural fi ll and therefore will not be suitable for reuse as pipe 

bedding.

As mentioned previously, design of the culvert structures will be governed by the requirements of the Ohio 

Department of Transportation.  At a minimum, Class B bedding consisting of ¾-inch crushed aggregate 

should be used below the pipe and up to the springline on each side of the pipe.  Properly compacted ODOT 



16

Item 703.11 B sand backfi ll (or equivalent) should be used above the springline to at least one-foot above 

the pipe.  Alternately, and with permission of the Cleveland-Cuyahoga County Port Authority, the pipe 

excavation could be backfi lled with lean (fl owable) concrete fi ll.  If lean concrete fi ll is utilized, care must be 

taken by the contractor to place the fi ll in lifts in order to prevent the fl owable fi ll from fl oating the sewer 

pipe.

7.8 Stability of Excavations

Due to the proximity of existing roadways to the proposed shallow foundation / protective pipe locations, 

we anticipate the excavations will be constructed using near vertical walls with a sliding trench box, or a 

combination of slopes and vertical walls with properly designed and installed lateral bracing.

We expect that open cut excavations in the existing fi ll and loose to medium compact sands will have 

little stand up time.  As such, construction excavations should not be left open any longer than necessary, 

since open excavations are subject to physical disturbance.  Seepage of water into any excavation may also 

compromise the stability of the side slopes, the supporting capacity of the base material if the excavation 

is left open for an extended period of time, and could allow piping of adjacent soil materials into the 

excavation and undermining of existing utilities or roadways.  As soon as work within the excavation is 

completed and accepted, the excavation should be promptly backfi lled to near fi nal grade.

Bracing systems for trenches may include portable trench boxes or sliding trench shields.  In all cases, OSHA 

requirements must be followed and adequate protection provided for workers.  Construction traffi  c and 

excavated material stockpiles should be kept away from excavations a minimum distance equal to the full 

depth of the excavation, unless the resulting surcharge loads are accounted for in the design of the lateral 

bracing system.  The contractor’s proposed excavations, support systems, and sequence of construction 

should be reviewed by a qualifi ed engineer prior to allowing the contractor to commence work.

Temporary retaining structures that are free to move at the top should be designed on the basis of active 

earth pressures utilizing an active earth pressure coeffi  cient (Ka) of 0.3.  Flexible walls can be designed on the 

basis of an equivalent fl uid pressure of 40 pounds per square foot per foot of depth (psf / ft), provided that 

drainage through the wall is permitted (e.g. as through a cantilever soldier pile and lagging wall).  Retaining 
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structures with bracing at the top and bottom should be designed utilizing an at rest earth pressure 

coeffi  cient of 0.5, or an equivalent fl uid pressure of 60 psf / ft.  If free drainage is not possible through the 

chosen earth retention system, design loads should also include hydrostatic pressures to account for build 

up behind the wall.

Retaining structures will also have to consider loading from the adjacent pavement and traffi  c.  The lateral 

component of surcharge loads on walls can be determined by multiplying the surcharge load by the 

applicable earth pressure coeffi  cient.  The lateral component of any surcharge would then be added to the 

earth pressures presented above.

7.9 Protection of Existing Infrastructure

Care must be taken to minimize the amount of soil that is lost from beneath the adjacent roadway and 

adjacent utilities, either through unsupported excavations or piping of sands.  Soil that is lost from below 

the pavement during the excavation should be replaced with fl owable fi ll or the pavement should be 

removed and subgrade re-established with compacted structural fi ll to provide support of the pavement.

Existing utilities, including water, storm water, gas, and other subsurface items crossing the proposed 

alignments must be properly protected and supported (hangers or bracing as appropriate) in the area of 

the proposed shallow excavations.  The excavating contractor must make every eff ort to prevent damage to 

existing utilities and/or adjacent structural elements.

8.0 DESIGN REVIEW AND MONITORING

Experience indicates that the actual subsurface conditions at a site can vary from those generalized on 

the basis of test borings made at specifi c locations.  Therefore, in order to maintain consistency between 

design and construction, the project geotechnical engineer should be retained to provide construction 

monitoring services during the foundation and subrgrade construction phases of the proposed project.  It is 

very important that construction monitoring be performed to verify compliance with the design concepts, 

specifi cations and recommendations contained in this report. Also, fi eld monitoring allows design changes 

to be made in the event that subsurface conditions diff er from those described herein.
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Figure No. 2 

 

GENERAL  NOTES 
 

 
TERMINOLOGY 

 
Unless otherwise noted, all terms utilized herein refer to the Standard Definitions presented in ASTM D 653. 

 
 

PARTICLE  SIZES 
 

CLASSIFICATION 

Boulders  -   Greater than 12 inches (305mm) 
Cobbles  -   3 inches (76.2mm) to 12 inches (305mm) 
Gravel - Coarse -   3/4 inches (19.05 mm) to 3 inches (76.2mm) 

Fine -   No. 4 - 3/16 inches (4.75mm) to 3/4 inches (19.05 mm) 
Sand   -  Coarse -   No. 10 (2.00mm) to No. 4 (4.75mm) 

Medium -   No. 40 (0.425mm) to No. 10 (2.00mm) 
Fine -   No. 200 (0.074mm) to No. 40 (0.425mm) 

Silt  -   0.005mm to 0.074mm 
Clay  -   Less than 0.005mm 
 

The major soil constituent is the principal noun, i.e., clay, silt, 
sand, gravel.  The second major soil constituent and other 
minor constituents are reported as follows: 

Second Major Constituent 
(percent by weight) 

 
Minor Constituents 
(percent by weight) 

Trace - 1 to 12% 
 

Adjective - 12 to 35% 
(clayey, silty, etc.) 

 
And - Over 35% 

 
Trace - 1 to 12% 

 
Little - 12 to 23% 

 
Some - 23 to 33% 

 
 

 

COHESIVE  SOILS 
 
If clay content is sufficient so that clay dominates soil properties, clay becomes the principal noun with the other major soil constituent as modified; i.e., silty clay.  Other 
minor soil constituents may be included in accordance with the classification breakdown for cohesionless soils; i.e., silty clay, trace of sand, little gravel. 
 

 
Consistency 

 
Very Soft 

Soft 
Medium 

Stiff 
Very Stiff 

Hard 
Very Hard 

 
Unconfined Compressive 

Strength (psf) 
 

Below   500   
  500 - 1000 
1000 - 2000 
2000 - 4000 
4000 - 8000 

  8000 - 16000 
   Over   16000 

Approximate 
Range of (N) 

 
  0 -  2  
  3 -  4  
  5 -  8  

   9 -  15 
 16 -  30 
 31 -  50 
Over  50 

 
Consistency of cohesive soils is based upon an evaluation of the observed resistance to deformation under load and not upon the Standard Penetration Resistance (N).
 

 

COHESIONLESS  SOILS 
 

Density 
Classification 

 
Very Loose 

Loose 
Medium Compact 

Compact 
Very Compact 

 
Relative 

Density % 
 

0  -  15 
16  -  35 
36  -  65 
66  -  85 

86  -  100 

Approximate 
Range of (N) 

 
0  -  4 
5  -  10 

11  -  30  
31  -  50  
Over   50 

 
Relative density of cohesionless soils is based upon the evaluation of the Standard Penetration Resistance (N), modified as required for depth effects, sampling effects, 
etc. 
 
 

SAMPLE  DESIGNATIONS 
 

AS -  Auger Sample - directly from auger flight 
BS -  Miscellaneous Sample - bottle or bag 
S -  Split Spoon Sample - ASTM D 1586 
LS -  Split Spoon Sample S with Liner Insert 3 inches in length 
ST -  Shelby Tube Sample - 3 inch diameter unless otherwise noted 
PS -  Piston Sample - 3 inch diameter unless otherwise noted 
RC -  Rock Core - NX core unless otherwise noted 
CS -  Continuous Sample - from rock core barrel or continuous sampling device 
VS -  Vane Shear 

 
STANDARD PENETRATION TEST (ASTM D 1586) – 2.0” outside-diameter, 1-3/8” inside-diameter, split barrel sampler is driven into undisturbed soil by means of a 140 
pound weight falling freely through a vertical distance of 30 inches.  The sample is normally driven three successive 6-inch increments.  The total number of blows required 
for the final 12 inches of penetration is the Standard Penetration Resistance (N). 
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 S-11 45.0  - - 21.8                
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 S-28 130.0  - - 18.0                
 S-29 135.0  - - 8.0                
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