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1.0 INTRODUCTION

This geotechnical subsurface exploration reportdessn prepared for the proposed pavement
reconstruction and underground utility installatimlong an approximately 1,100 lineal feet
portion of Jefferson Street, from East Perry Sti@&ast Third Street, in Port Clinton, Ohio. The
project will also include installation of a pumptsbn north of the intersection of Jefferson Street
and East Perry Street. The general project arehasn on the attached Site Location Map
(Plate 1.0).

This report summarizes our understanding of thepgsed construction, describes the
investigative and testing procedures, presentsfitftengs, discusses our evaluations and
conclusions in accordance with Ohio Department @n$portation (ODOT) GB-1 “Plan
Subgrades” (July 20, 2018), as well as providesdesign and construction recommendations
for pavements, underground utilities, and a purapast.

This study was performed in general accordanceTiithProposal No. 1654701, dated June 6,
2018, and authorized by Mr. Olen F. Martin, Safégrvice Director for the City of Port Clinton,
on June 25, 2018, referencing Purchase Order NaB&15

The purpose of this exploration was to evaluatesthiesurface conditions and laboratory data
relative to pavement reconstruction, new undergioutility installation, and pump station
installation. To accomplish this, TTL performedditest borings that included pavement cores,
field and laboratory soil testing, and a geotecliréngineering evaluation of the test results.

This report includes:

» A description of the type and thickness of exisfpagement conditions at the
boring locations.

» A description of the subsurface soil and groundnededitions encountered
in the borings.

» Design recommendations for pavements, subsurfatigest and a pump
station related to the proposed project.

 Recommendations concerning soil- and groundwatate@ construction
procedures such as subgrade preparation in acawdeith ODOT GB-1
criteria, earthwork, pavement construction, undmrgd utility and pump
station installation, as well as related field itegt
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The scope of this study did not include an envirental assessment of the surface or subsurface
materials.
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2.0 INVESTIGATIVE PROCEDURES

This subsurface exploration included five testmgsi(each with a pavement core), designated as
Borings B-1 through B-5, drilled by TTL on July 2&d 24, 2018. The borings were located in
the field by TTL. Ground surface elevations atlibeng locations, which are shown on the logs
of test borings, were estimated using Google Ea&tib.approximate locations of the borings are
shown on the Test Boring Location Plan (Plate 209, are summarized in the following table.

Table2.0. Test Boring L ocations

Boring
Number
B-001 | Approximately 40 feet north of 3rd Streethiive lane
B-002 | Approximately 100 feet north of 2nd Streeparking area
B-003 | Approximately 50 feet south of Perry Streediive lane
B-004 | Approximately 45 feet north of Perry Streetlrive lane
Approximately 250 feet north of Perry Street,
B-005 _— e L
near existing restrooms building in entrance/axparking lot

Approximate Boring L ocation along Jeffer son Street

The test borings were performed in general accaelamith geotechnical investigative
procedures outlined in ODOT “Specifications for Gabhnical Explorations” and GB-1 “Plan
Subgrades” sampling criteria, as well as ASTM Ssadsl D 1452 and D 5434. The pavement
cores were obtained with a nominal 4-inch diamedeing barrel. The test borings performed
during this exploration were advanced using a tmckinted drilling rig utilizing 3%2-inch
diameter solid-stem augers and 3%-inch inside dienhellow-stem augers. Borings B-1, B-2,
and B-3 were terminated at the target completigirdef 17%% feet below existing grades. The
remaining borings were terminated at the targetptetion depth of 30 feet.

During auger advancement in the test boringsssoilples were obtained continuously using an
18-inch split-spoon sample drive to a depth ofed Below bottom of existing pavement cross-
section, and at 2%-foot intervals thereafter targptermination. Split-spoon samples were
obtained by the Standard Penetration Test (SPThddietASTM D 1586), which consists of
driving a 2-inch outside diameter split-barrel séanjnto the soil with a 140-pound weight
falling freely through a distance of 30 inches. Shmpler was driven in three successive 6-inch
increments with the number of blows per incremeitd recorded. The number of blows per
increment was recorded at each depth interval tlaege data are presented under the “SPT”
column on the Logs of Test Borings attached to tport. The sum of the number of blows
required to advance the sampler the second ardi@hirch increments is termed the Standard
Penetration Resistance, ox-Malue, and is typically reported in blows per f@mpf). The N;-
values were corrected to an equivalent rod enexgg of 60 percent, §. The calibrated
hammer/rod energy ratio for the CME 75 truck-modragll rig utilized in this project was 75.4
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percent based on calibration on February 8, 2048.N5s-values are presented on the attached
Logs of Test Borings.

A Shelby tube sample, designated ST on the Logesf Boring, was obtained from Boring B-
004 (15 to 17 feet). The Shelby tube sample waaiodd by hydraulically advancing a 3-inch
diameter, thin-walled sampler approximately 24 gxHleyond the hollow-stem auger into
relatively undisturbed soil in accordance with ASTM1587. The Shelby tube was then
extracted from the subsoils, and the ends weresthgpd sealed. The sample was transported to
our laboratory where it was extruded, classified] tested. An attempt to retrieve a Shelby tube
sample from 20 to 22 feet in Boring B-004 resuitedo recovered soil specimen.

The pavement materials and soil conditions encoedt@ the test borings are presented in the
Logs of Test Borings, along with information rethte sample data, Standard Penetration Test
results, groundwater conditions observed in théngsr and laboratory test data. It should be
noted that these logs have been prepared on tisedfdaboratory classification and testing, as
well as on field logs of the encountered soils.tBy@phic logs of the recovered pavement cores
are also attached to this report.

All samples of the subsoils were visually or mahuelassified in accordance with the Ohio
Department of Transportation (ODOT) system of stalssification. Where gradation and
plasticity tests were not performed for a comp@BOT classification, the soils were classified
using visual-manual procedures. All recovered sasplere also tested for moisture content
(ASTM D 2216). Dry density determinations and urfooed compressive strength tests by the
constant rate of strain method (ASTM D 2216) wexdgrmed on the recovered Shelby tube
sample and selected split-spoon samples from timg gtation borings. Unconfined compressive
strength estimates were obtained for the remaimitagt cohesive samples using a calibrated
hand penetrometer. Atterberg limits tests (ASTMI28&) and particle size analyses (ASTM D
422) were performed on selected soil samples flanborings to determine soil classification
and index properties. Test results are shown ohdfe of Test Borings attached to this report.

Experience indicates that the actual soil conddiatina site could vary from those generalized on
the basis of test borings made at specific locatiespecially at previously developed sites such
as this site. Therefore, it is essential that aegdmical engineer be retained to provide soill
engineering services during the site preparati@hexicavation phases of the proposed project.
This is to observe compliance with the design cpts;especifications, and recommendations,
and to allow design changes in the event subsuctawditions differ from those anticipated prior
to the start of construction
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3.0 PROPOSED CONSTRUCTION

Based on the provided information, it is our untiErding that the proposed project consists of
reconstruction of approximately 1,100 lineal fekéxisting pavement along Jefferson Street,
from East Perry Street to East Third Street in Btirtton, Ohio. It is anticipated that pavement

remediation will consist of full-depth removal amghlacement. Traffic loads and volumes were
not available at the time of preparing this report.

Prior to pavement reconstruction, new waterline sanitary sewer will be installed in the
project area. Underground utility installation ssamed to be approximately 15 feet or less
below existing grades using open-cut methods.

As part of the roadway reconstruction project, & pemp station is planned along Jefferson
Street, between Perry Street and Portage Riversi@emation is being given to replacing an
existing restrooms building located east of JefferStreet, just south of Portage River, with a
new restroom building overlying the new pump statibhe pump station will bear 20 feet or

less below existing grades. A storm sewer outldlt lvé installed from the pump station to

Portage River.
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4.0 GENERAL SITE AND SUBSURFACE CONDITIONS

4.1 General Site Conditions

The project encompasses approximately 1,100 [ieeabf Jefferson Street roadway, from East
Perry Street to East Third Street. Additionallypanp station will be installed north of the
intersection of Jefferson Street and East Pergegtsouth of Portage River. At the time of this
exploration, the existing pavements consisted phal at the surface. Depending on location
south of Perry Street, the asphalt was underlabrici pavers or concrete, which was underlain
by granular base. North of Perry Street, the aspved underlain by crushed stone base. The
type and thicknesses of the pavement materialsyeds as the subgrade material type,
encountered at the boring locations are summainizéee following table:

Table4.1. Encountered Pavement Materials
Boring Pavement M aterial Tsrlaicléneﬁd(g;nchej)/ Subarade M aterial
. nd and Grav grade M aterials

Number | Asphalt | Brick | Concrete Crushed Stone Sand

B-1 4 4 - 6v2 - Silt and Clay (A-6a)

B-2 1% - 8 - 2Y Silt and Clay (A-6a)

B-3 1% - 7Y - 4 Silt and Clay (A-6a)

B-4 8 - - 10 - Crushed Stone Fill

B-5 3 - - 15 - Gravel with Sand and Silt Fill

Underlying the pavement materials in Borings B-80d B-005, which were performed between
Perry Street and Portage River, granular exigtihghaterials were encountered to depths of 3%
feet and 14 feet below top of pavement, respegtiviel Boring B-004, the fill materials
consisted of crushed stone with sand. In Borin@dB;@he fill materials consisted of gravel with
sand and varying amounts of silt, fine sand witlcérgravel and silt, as well as coarse and fine
sand with little silt and gravel. The fill encourdd in Boring B-005 contained varying amounts
of cinders, coal, and metal. Within the upper 3% feet, SPT j-values within the granular
fills ranged from 11 to 18 blows per foot (bpf)dioating medium dense compactness. Below a
depth of 3 feet in Boring B-005, SPMNalues within the granular fills ranged from Htbpf,
indicating very loose to loose compactness. Wet, free water conditions were nfiedhe
granular samples obtained from Boring B-005 beloglepth of 3 feet. As such, SPT results
within this zone may have been adversely affectedrive sample collection within saturated
granular soils. Moisture contents were on the ocofl@2 to 13 percent for the samples obtained
above depths of 3 to 3% feet. Below a depth o&8ifeBoring B-005, moisture contents ranged
from 34 to 76 percent for the saturated granulbsdimples.
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4.2 General Soil Conditions

Based on the results of our field and laboratosystethe subsoils encountered underlying the
pavement and fill materials at the site can be gdiyecharacterized as three strata of cohesive
soils with varying strength and moisture charastmss. Due to location closer to Portage River,
Borings B-004 and B-005 also encountered appatkenia deposits.

In Boring B-004, saturated granular apparent alludeposits were encountered underlying the
crushed stone fill to a depth of 6% feet below taxgsgrade. The granular soils consisted of
coarse and fine sand (A-3a) with little silt, grivaad trace clay. SPTgdvalues on the order of
13 and 14 blows per foot (bpf), indicating mediuemsle compactness, were determined for the
recovered samples. Moisture contents ranged froto 27 percent.

In Boring B-005, wet black/gray cohesive appar#avel deposits were encountered underlying
the fill materials to a depth of 16 feet. The cohesoils consisted of silt and clay (A-6a) with
some sand and little gravel. An SPJyNalue of 6 bpf, indicating medium stiff consistgnand

a moisture content of 22 percent were determinethforecovered sample.

Stratum | consisted of predominantly medium stiff to stifftive cohesive soils encountered
underlying the pavement materials in Borings B-®002, and B-003, as well as the granular
alluvial deposits in Boring B-004. Stratum | exteddo depths ranging from 2% to 8% feet.
These cohesive soils consisted of silt and clag@iwith varying amounts of sand and gravel.
SPT Ny-values ranged from 5 to 14 bpf. Unconfined comgixesstrengths typically ranged
from 2,000 to 6,000 pounds per square foot (pkRoagh the strengths at the higher end of this
range may have been affected by desiccation. Meistintents ranged from 19 to 24 percent. A
sample of Stratum | soils tested from Boring B-@€dulted in a liquid limit of 36 percent and a
plasticity index of 14 percent. These values, alith gradation results, are indicative of silt
and clay (ODOT A-6a) based on the ODOT system ibtckassification.

Stratum Il consisted of predominantly very stiff to hard csikie soils encountered underlying
Stratum | in Borings B-001 through B-004 to deptasging from approximately 11% to 13%2
feet. These cohesive soils consisted of sandffs#ta) with little clay, silt (A-4b) with varying
amounts of clay, sand, and gravel, as well assdtclay (A-6a) with varying amounts of sand
and gravel. SPT §-values ranged from 18 to 50 bpf. Unconfined corsgiree strengths ranged
from 6,000 psf to greater than 9,000 psf (the hsgledtainable reading using the hand
penetrometer). Moisture contents generally rangewh f15 to 22 percent. Tested Stratum Il

City of Port Clinton ’ 7— August 2018
TTL Project No. 1654701 L Page 7

assoclates|inc



samples from Borings B-002 and B-003 resultedquaidl limits ranging from 27 to 36 percent,
and plasticity indices ranging from 2 to 14 percdimese values, along with gradation results,
are indicative of silt (A-4b) as well as silt andyc(A-6a).

Stratum |11 consisted of predominantly stiff to very stiff @sive soils encountered underlying
the cohesive alluvial deposits in Boring B-005weedl as Stratum 1l in the remaining borings.
Stratum Il extended to termination at depths o¥21feéet or 30 feet. These cohesive soils
consisted of silt and clay (A-6a) with varying amtai of sand and trace gravel. SPT
Ngo-values generally ranged from 11 to 28 bpf. Unawedi compressive strengths generally
ranged from 2,000 to 5,000 psf. Moisture conteatged from 15 to 19 percent.

Additional descriptions of the stratigraphy enc@uet in the borings are presented on the Logs
of Test Borings.

4.3 Groundwater Conditions

Groundwater was initially encountered during dngjiin Borings B-004 and B-005 at depths of
approximately 4v, feet and 5Y% feet below existingdgr respectively. Groundwater was
observed upon completion of drilling in these same borings at depths of approximately
26 feet and 23 feet, respectively. Groundwatermea€ncountered during drilling or observed
upon completion of drilling operations in the remag borings. It should be noted that each
boring was drilled and backfilled within the sanaydAs such, stabilized water levels may not
have occurred over this limited time period. Instentation was not installed to observe long-
term groundwater levels.

Based on the soil characteristics and groundwatatiions encountered in the borings, it is our
opinion that the “normal” groundwater table will lpenerally encountered at a depth of
approximately 11 feet or greater below existinglgsafor the portion of the project area south of
Perry Street. Closer to Portage River, groundwatgr be present shallower, likely meeting the
river level along the shoreline. It should be ndteat groundwater elevations can fluctuate with
seasonal and climatic influences. In particulaerghed” water may be encountered in the
granular alluvial deposits and granular existing rhaterials. Therefore, the groundwater

conditions may vary at different times of the yieam those encountered during this exploration.
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5.0 DESIGN RECOMMENDATIONS

The following conclusions and recommendations aset on our understanding of the proposed
construction and on the data obtained during #ld gxploration. If the project information or
location as previously described is incorrect aruth change significantly, a review of these
recommendations should be made by TTL. These re@mdations are subject to the
satisfactory completion of the recommended sitesarijrade preparation and fill placement
operations described in Section 6.0, “ConstrucRecommendations.”

5.1 Pavement Evaluation and Design

It is our understanding that the project plans foalthe full-depth removal and replacement of
the pavement along the project corridor. In soreasrthis would require removal of asphalt and
underlying brick pavers, while in other areas thwsuld require removal of asphalt and
underlying concrete. If roadway replacement wilpleeformed north of Perry Street, only asphalt
underlain by crushed stone was encountered inadheds performed in this area. As part of the
removal and replacement process, pavement renmdiatil also require modification of any
unstable subgrades, consisting of proof rollingeecompaction of the granular base materials,
and possibly undercutting of any marginal subgisalks and replacement with dense-graded
aggregate.

For the pavement reconstruction corridor betwé&8tBeet and Perry Street, it should be noted
thatthethicknessand typeof thegranular base cour se appear sto bevariable, based on the
limited borings performed during this exploratidvithin the borings, the sand layer underlying
concrete ranged from 2% to 4 inches in thickness$lae sand/gravel layer underlying brick was
on the order of 6% inches. While the thicknesdhatlower end of this range may have been
considered adequate for placement and supporngbosite asphalt and concrete pavements in
the past, this would generally be deemed margm#&dms of thickness for current design of
typical municipal streets. Depending on final paeetdesign grades, additional stone could be
added (replacing all or part of the “thickness’tloé existing brick and concrete zones) to
complete the new selected design pavement section.
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5.1.1 Flexible (Asphalt) Pavement Design

ODOT Geotechnical Bulletin GB-1 “Plan Subgradesily2018) was utilized to evaluate the
subgrade soils at the site, as well as the subglasign CBR value. It was assumed that the
“subgrade” depth beneath the new asphalt and adustbee pavement cross-section would be
1 foot below top of existing pavement. Based on@ie1 analysis, a design CBR value of
6 percent was determined for the pavement recartruproject corridor from'3 Street to
Perry Street using the data from Borings B-001ughoB-003. This CBR is based on the
“average” subgrade condition for soils with ODOToGp Indices (Gl) ranging from 8 to 10.

If pavement reconstruction will extend north of iyeBtreet, GB-1 analyses indicate a design
CBR value of 13 percent in this area due to theoemiered granular fill materials at the
anticipated subgrade elevations in Borings B-0@B4905. Design of pavement sections north
of Perry Street can consider this CBR value, batikhcohesive subgrade soils be encountered
in during construction, they would require over-&ation a minimum of 12 inches below top of
subgrade elevation. Otherwise, the CBR value ptedebove for the project corridor frorfi 3
Street to Perry Street could be also utilized Iiar portion of the project area north of Perry
Street such that over-excavation of cohesive sedald not be required unless they were
unstable.

The CBR value(s) presented above are based onagslédbgompacted to at least 100 percent of
the maximum dry density as determined by ASTM D g&8ndard Proctor) or verified as stable

through proof rolling in accordance with the “Saied Subgrade Preparation” section of this
report.

It should be noted that we are not privy to thagresraffic loads or intended design life. The
subgrade support recommendations indicated heneuld be reviewed by the site engineer in

conjunction with the design traffic criteria to detine the required pavement sections.

5.1.2 _Pavements (General)

All paving operations should conform to Ohio Depaht of Transportation (ODOT)
specifications. The pavement and subgrade prepanatocedures outlined in this report should
result in a reasonably workable and satisfactovepeent. It should be recognized, however, that
all pavements need repairs or overlays from tinigrte as a result of progressive yielding under
repeated traffic loads for a prolonged period wigtj as well as exposure to weather conditions.
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It is recommended that proof-rolling/compactiomgament of aggregate base, and placement of
asphalt or concrete be performed within as shdirna period as possible. Exposure of the
aggregate base to rain, snow, or freezing conditioay lead to deterioration of the subgrade
and/or aggregate base due to excessive moistudiioms and to difficulties in achieving the
required compaction.

Based on the poorly-drained nature of the cohesigrade soils, it is anticipated that surface
water infiltration may collect in the aggregatedesurse. Without adequate drainage, water will
remain in the base for extended periods of timeatang localized wet, soft pockets. The
presence of these pockets will increase the likelihthat pavement distress (cracking, potholes,
etc.) will develop. Drainage features may includading the subgrade surface to slope
downward to the outside edge of pavements andderging longitudinal edge drains connected
to storm sewers or other outlets. A system of ‘dingrains” should also be installed near catch
basins within the pavement areas to collect susaater infiltration, thus reducing the potential
for adverse freeze-thaw effects on the pavement.

5.2 Subgrades

5.2.1 Existing Subgrade

The subgrades that would result upon the satisfactompletion of the site preparation as
described in Section 6.0 of this report are consdieggenerally suitable for support of the
proposed pavements, although some subgrade argderappreciably wet of optimum. Based
on field and laboratory data developed during gxploration, the subgrade soils along the
pavement reconstruction project corridor frofhSreet to Perry Street consist of predominantly
native cohesive soils. Laboratory analyses perfdrfoesamples from Borings B-1 (SS-2), B-2
(SS-2 and SS-3), and B-3 (SS-2), as well as videsdriptions of the upper profile soils, indicate
that the upper profile cohesive subgrade soilsibeayenerally classified as Group A-6a (silt and
clay) or Group A-4b (silt) in accordance with th®OT system of soil classification. The
cohesive soils are considered fair to poor as sutlegmaterials because they have relatively low
permeabilities and a high percentage of silt aag phrticles, which makes them susceptible to
moisture, frost penetration, and frost heave. miq@dar, ODOT A-4b soils are susceptible to
frost heaving and are recommended by ODOT to bevethwhere present within 36 inches of
top of subgrade. Based on the borings, the A-4s saoe¢ generally anticipated to be present at
least 36 inches below top of subgrade, consideop@f subgrade 1 foot below existing top of
pavement.
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At the time of this exploration, the moisture coritedetermined for the cohesive subgrade soils
in the upper 6 feet of the subsurface profile galheranged from 16 to 27 percent. These
moisture contents are estimated to range fromtoegwpreciably above the optimum moisture
content (OMC) for these soils. Remedial action tmayequired to adjust the moisture contents
of the existing materials to achieve proper compacbf the subgrade soils, especially if
construction is performed during a particularly weasonal period.

Although not anticipated to be prevalent, if salle dry of optimum, water should be uniformly
mixed into the subgrade. More likely to be encoredeat this site are soils that are wet of
optimum. Where soils wet of optimum are encounteledering the moisture content by
scarification and aeration (discing and exposuseitoand wind) may be required. However, this
may not be feasible if construction occurs durireg seasonal conditions. Very moist to wet
soils will “pump” under the operation of heavy gguient, resulting in deep rutting and perhaps
rendering the operation of grading and paving egeit difficult or impossible.

Therefore, other methods of subgrade modificati@y tve required in areas of high moisture
content. Modification may be achieved by underagtand replacement with granular subbase
(possibly in combination with a geotextile sepamatiayer or geogrid reinforcement), mixing
stone into the subgrade, or treating the subgrade eement. The method of subgrade
modification should be determined at the time ofstauction (See Section 6.1, “Construction
Recommendations - Site and Subgrade Preparation”).

If pavement reconstruction will be performed navtiPerry Street, granular fill materials are
anticipated at pavement subgrade elevations bas8dmings B-004 and B-005. The granular
soils are considered generally suitable for sulmsaghport. However, they may require in-place
re-compaction, and may be significantly wet of optm. Saturated granular soils may require
significant dewatering measures, or removal anoepment with new granular engineered fill.

5.2.2 GB-1 “Plan Subgrades” Evaluation

An evaluation of the existing subgrade soils aheafcthe boring locations was completed in
general accordance with ODOT Geotechnical Bull&Br1 “Plan Subgrades” (July 2018),
albeit with limited laboratory testing comparedstandard ODOT GB-1 guidelines. As part of
this evaluation, the ODOT “Subgrade Analysis” wadrdst (V14.3) was completed, and is
attached to this report. As mentioned in Sectidnl5for our evaluations, we have assumed that
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the new pavement section will be on the order ahtBes in thickness, such that the subgrade
will consist of those soils encountered in the gsiat a depth of 1 foot below top of existing
pavement. Due to varying subgrade soil conditinrigarings B-001 through B-003 compared to
the conditions encountered in Borings B-004 andOB;(separate GB-1 evaluations were
performed for the conditions froni3treet to Perry Street, and the conditions nofrfeory
Street.

The subgrade materials encountered during thipexipdon between'3Street and Perry Street
were found to consist of predominantly ODOT A-6dssalong with A-4b soils at depths
greater than 3 feet below top of subgrade elevalNorth of Perry Street, granular subgrade soils
were encountered, consisting of ODOT A-1-b, A-a#d A-3a. Based on GB-1, soils classified
as ODOT A-4b, A-2-5, A-5, A-7-5, A-8a, A-8b, or tohave been designated as being
problematic with respect to pavement subgrade stigptthese soil types, only A-4b soils were
encountered in the borings performed for this epgtion. However, they were encountered at
depths that do not necessarily require modificaienGB-1 criteria. In any case, if A-4b soils
are encountered during construction at subgradawbas, they would require removal to 36
inches below the subgrade elevation.

Moisture contents for 17 of the 20 evaluated sasfptem the upper 6 feet of the subgrade soils
were greater than 3 percent higher than optimurdessrmined using GB-1 criteria. These
elevated moisture contents were recorded in eadheoborings. Based on GB-1 criteria,
subgrade soils with moisture contents greater 3yaercent above optimum are likely to require
modification. Therefore, the subgrade soils mayargmmodification according to GB-1 criteria
based on moisture contents. In fact, all but ontheftested samples with moisture contents
greater than 3 percent above optimum had moisturtents greater than or equal to 5 percent
above optimum. Thus, where moisture contents wet@fwptimum, they were appreciably wet
of optimum. These data indicate that scarificatiod aeration methods may not be feasible to
achieve satisfactory proof rolling and stabilizatiof the predominantly cohesive subgrades.
However, scarification and aeration methods maytitieed in areas where granular subgrades
wet of optimum are present, provided weather camtstand construction schedule will allow
such soil modification. Additionally, dewateringeyptions may be required for removal of free
water from saturated granular soils, which wereoantered north of Perry Street in closer
proximity to the Portage River.
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The type and thickness of subgrade modificatiathetermined by GB-1 criteria based on the
average, low SPT §value (Nsoo) of the subgrade soils in a particular portiortha project
area, soil type, and moisture content (relativestanated optimum moisture content). Based on
these criteria, each of the borings contained sud®soils which indicated the potential for
subgrade modification. Using GB-1 criteria basedtlo® encountered conditions, possible
alternatives for modification of the subgrade sodsld include:

* For granular subgrade soils, scarification andamqzaction,
* For cohesive subgrade soils, undercut and replatesin granular engineered fill,
or 14 inches of global chemical stabilization usitegnent.

A summary of the GB-1 recommended depths of undareupresented in the following table.

Table5.2.2. GB-1 Subgrade Analysis Indicated Under cut Depths
GB-1 Recommended
. ; - Depth of Undercut and
Approximate L ocation
l\?l:)rgggr alpp Jeff o Replacement with Granular
ong Jeffer son Sir eet Engineer ed Fill
(inches)
i Approximately 40 feet north of
B-001 3rd Street 12
i Approximately 100 feet north of
B-002 2nd Street 24
B-003 Approximately 50 feet south of 18
Perry Street
B-004 Approximately 45 feet north of Re-Compact Granular Soils
Perry Street
B-005 Approximately 250 feet north of Re-Compact Granular Soils
Perry Street

For Boring B-002, GB-1 indicated an undercut on thder of 33 inches for the soils
encountered in sample SS-1. However, these prolileswals were encountered only to a depth
of 24 inches below anticipated top of subgradeatien, and were underlain by soils indicated
by GB-1 to be suitable. As such, 24 inches of unates indicated in the above table.

Based on the GB-1 analysis, each of the boringsaibel subgrade treatment is required. GB-1
indicates that, if it is determined that 30 pera@nhore of the subgrade area must be stabilized,
consideration should be given to stabilizing théremproject (global stabilization). Given the
comparatively short length of the project, thelllkeod that the construction sequencing may not
provide large contiguous areas for economical cbamstabilization, and the possibility that soil
conditions during construction demonstrate to beefevorable during proof-rolling operations
than projected, it is our recommendation that ucuténg and replacement using granular
engineered fill material be considered for subgradelification, as needed.
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Where undercut and replacement is utilized, akfibuld consist of ODOT Item 304 Aggregate
Base or Item 703.16C, Granular Material Type Bypd C. It is recommended that, geotextile
fabric (referenced in ODOT Item 204, and speciis®®DOT Item 712.09, Type D) be utilized

on the subgrade at the bottom of the undercut zibrgarticularly unstable subgrades are
encountered during construction, a geogrid couldided to reduce the total undercut and
replacement of the unsuitable soils.

It should be noted that GB-1 analyses are used@gs-aonstruction tool to plan subgrade
modification alternative#\ctual subgrade modification will depend on field obser vations of
proof-rolling conditions at the time of construction. Changes in soil moisture content could
create more or less favorable subgrade conditimatsmhay result in adjustments to subgrade
modification or solil stabilization requirementdfa time of construction.

5.3 Subsurface Utility Support

Details of the proposed utility improvements weat provided at the time of preparing this
report. However, waterlines are expected to bedt@ab feet below grade, while storm sewers
and sanitary sewers may extend as deep as 15dleet grades.

For utilities bearing at these depths, the subsoit®untered during this exploration consisted of
predominantly stiff to hard cohesive soils. Thesitssaare considered generally suitable for pipe
support, provided that sufficient bedding and haimg is maintained below and above the
proposed utility lines. Based on the borings penked north of Perry Street, pipe installations
may encountevery loose to medium dense water-bearing granular soils atpipe invert
elevations. Dewatering, as discussed in Sectigrahdin-place densification using a backhoe-
mounted vibratory compactor (hoe-pac) should beigated for these pipe support soils.

The bedding and haunching should consist of prggsiced aggregate in accordance with the
pipe manufacturer’s recommendations or specifiogtitn the absence of specific requirements,
we recommend that bedding or haunching consisD®DItem 304 crushed stone, or in areas
of saturated soils or minor seepage conditions5Nar 67 stone may be utilized. If unsuitable

soft soils or loose granular soils that cannotuotably re-compacted are encountered at pipe
invert elevations, undercutting and replacemert autditional bedding stone may be required.
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54 Pump Station

5.4.1 Foundations

We understand that the pump station will beardg@h of approximately 20 feet or less below
existing grade. For our evaluations, we have asdunfieundation bearing at approximately 18
to 20 feet below existing grades. Based on thdtsestihe field and laboratory testing in Boring
B-004, the soils encountered at the anticipateddation bearing depths are expected to consist
of medium stiff to hard native cohesive soils, whare generally suitable for support of the
proposed structure.

Due to its location below the groundwater table thundation subgrade may be prone to
disturbance and loss of subgrade strength, paatiguif construction occurs during a wet
seasonal period. As such, the contractor shouldréeared to use a thin “mud mat” of lean
concrete, or alternately, an undercut and replanéstene layer, to maintain a stable bottom of
excavation for placement of slab reinforcing steel concrete. If groundwater seepage and its
associated flow gradients are not controlled,likedy that the foundation subgrade will become
unstable and the bearing capacity will be comprethigdditionally, due to the water-bearing
upper-profile granular soils, steel sheet pilingeexing into the underlying cohesive soils may
be required as a groundwater cut-off. Use of spidiaty would also reduce the required lateral
extent of excavation. Additional discussions regaydiewatering and excavations are provided
in Section 5.7 and Section 5.6, respectively.

Following satisfactory completion of the site pregien and excavation inspections, the
proposed pump station may be supported on a sfaadation. It is our experience that these
types of structures are often nearly “floatingustures for which foundation bearing pressures
due to the new loads do not exceed those soil ymessassociated with the removal of the
overlying soils. If loads are such that the pumgtish is essentially a “floating” structure,
settlement should be negligible. This would bedasge for an average bearing pressure of not
more than 1,775 pounds per square foot (psf) aBtfé4 location or 1,265 psf at the B-005
location.

If average bearing pressures are greater than thdisated above for the “floating” negligible

settlement condition, the spread foundation magldsegned using a gross allowable bearing
pressure capacity of 3,000 psf at the B-004 looatid3,500 psf at the B-005 location, based on
a nominal factor of safety of 3 applied to the tte¢ical bearing capacity. If using these bearing
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pressures for design, the foundation bearing naseshould be field verified as consisting of
native lean clay (CL) with a minimum unconfined quessive strength of 2,000 psf at the
B-004 location or 2,500 psf at the B-005 location.

The gross allowable bearing pressures presente @pe greater than the effective overburden
stress associated with the soil that will be renddweeconstruct the pump station. However, due
to the appreciable depth of overburden soil beengaved to construct the structure, the effective
or net pressure contribution increase to the bgaails is only approximately 1,225 psf at the B-
004 location and 2,235 psf at the B-005 locatidre fiet increase in pressure on the bearing soils
will be responsible for settlement, which was cklted to be less than 1 inch assuming a
maximum 20 feet by 20 feet foundation.

Upon completion of the pump station excavationf@g®mmend that the soils be inspected by a
TTL geotechnical engineer or qualified represeméafl he purpose of this inspection is to verify
that the exposed soil and groundwater conditiotisedbearing elevation are consistent with the
subsurface conditions encountered in the test gsriddditionally, the presence of our engineer
will help facilitate the timely remediation of untable soil conditions. If overexcavation and
backfill is required, the area should also be o during undercutting and backfilling
operations to provide verification that enginedritthas been properly placed and compacted.

The pump station foundation should not be placesudngrade that has been left open to ponded
water in the excavation. If the bearing surfaceob®es unstable or excessively saturated the
bearing soils should be over-excavated. The batheafver-excavation should be widened one
foot for every foot of depth and centered alongtiading. The over-excavated areas should be
backfilled with dense-graded aggregate in contdoliii,s and compacted to not less than 100
percent of the maximum dry density as determined8yM D 698 (Standard Proctor). For
particular soft or wet subgrades, an initial lifbopen-graded stone may be required to provide a
stable base on which to compact the dense-gradgedgage and to provide a working platform.
In this circumstance, the minimum undercut showdd1B inches, to allow for a minimum
thickness of open-graded stone to provide a stase of 12 inches, with a minimum of 6 inches
of dense-graded aggregate placed overlying the-gpeted stone.

Alternatively, the over-excavated areas could lo&fideed with lean concrete having a minimum
compressive strength of 1,500 pounds per squalngost) or other flowable controlled-density
fill having a minimum compressive strength of 3@2 i foundations will be placed at the base
of the over-excavation or the lean concrete filli@p will be utilized, widening the footing
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over-excavation will not be required. If the coird-density fill option is utilized, the footing
over-excavation shall be widened as discussed above

Consideration should be given to buoyancy to evaludnether the structure, when operating
empty, will remain stable under high water condiioWhen considering buoyancy of the
structure, the weight of the structure, including $pread foundation, can be used to resist uplift.
In addition, a side wall friction factor of 0.30 ynhe utilized along the face of the vertical
concrete walls to mobilize sliding resistance betmvéhe installed structure and the backfill,
conservatively assuming predominantly cohesivessmbed on the encountered soil profile in
the borings. If needed, the bottom slab and spread foundatambe widened beyond the pump
station wall lines to mobilize the weight of thesasiated backfill to help resist buoyancy. In this
case, use of side friction along the wall of thecure would not be incorporated into uplift
resistance.

5.4.2 Mat Foundation Modulus

Generally, mat foundations are designed using aumeaf subgrade reaction (k). In addition,
mat foundations are typically designed using fieitament method (FEM) analyses or similar
methodologies that allow for evaluations of contactssure, deflection, shear and bending
moment for structural reinforcement determinati@ma] thickness/rigidity considerations. For
mat design, we recommend a subgrade modulus (& pbunds per cubic inch (pci).

The modulus of subgrade reaction value indicatedals based on a unit k-valug(&r ksj)
assuming an equivalent 1-foot by 1-foot plate ltzgl. Depending on the method of analysis
used to model the mat, a correction or adaptatidggically made to the,kmodulus value
based on the width and shape of the loaded arese|bas whether the bearing soils are sands or
clays. Care should be taken by the structural desip understand whether the analytical input
requires the Kk or ks; modulus value based on a 1-foot by 1-foot platethe modulus of
subgrade reaction Jk sometimes identified as,kwhich is a corrected value based on
foundation width B. For foundations bearing on sldygfor a full-sized footing or mat is equal
to k,o/B. For a mat foundation, this B may not be therenvidth of the mat, but the effective
width of where the mat is acted upon by line loadgoint loads spaced a distance B apart. For
typical mat design that does not have uniform iogehsity, the point loads or line loads and the
associated shear and moment distribution in thenfiaesult in zones where deflection is at or
near zero, and the effective width can be takethaglistance between these zones of “zero
deflection.” This is valid as long as the contacessures associated with the areas of
concentrated loads are less than %z of the ultibedeng capacity of the soil, the latter of which
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is independent of foundation width. For the antitgal design loads associated with the proposed
pump station, this contact pressure criterion iseeked to be met (i.e., less than % of the
ultimate bearing capacity of the soil).

We recommend that the design of the mat considat shhe actual effective width B of the
foundation (in this case, B is taken as 10 feeff)jibno case incorporate adt k,value less than
10 pci. The design should also consider that tdmtact pressure is not likely to be uniform
within all areas of the mat, and deflection may lm®uniform unless the mat is indeed a rigid
structural element. In the case of non-uniform aonhpressure, localized areas of allowable
bearing pressure (based on %z of the ultimate kepaapacity) could be as high as 4,500 psf,
assuming the resultant shear and moment coulddmerecodated in the mat design.

With respect to determination of, kt is difficult for the geotechnical engineerdetermine
accurate elastic design parameters for the seil &, p, or k) as applicable to design of a large
structural mat. It is our experience that bendimgrants and computed soil pressures are usually
not very sensitive to k values or kvalues because the structural member (concrete mat)
stiffness or rigidity is generally much greaterrththe soil stiffness as measured by k of the
subgrade.

Regarding subgrade stiffness and mat design, theridem Concrete Institute (ACI) recognizes
that the structural designer and geotechnical esgimay do a parametric study, varying the
value of kg over a range of one-half the furnished value djv&times this value. The results of
the parametric study should be reviewed by theagbwoical engineer during the course of the
design. If no satisfactory solution is found, tlagljustments in the development concept may be
appropriate. Adjustments to the mat design mayigeknlarging the mat in plan or deepening
the mat base to reduce the net applied pressuoh. &ljustments should be made with the
concurrence of the geotechnical engineer. Duriaditial design stage, TTL would be pleased to
review analyses and coordinate such efforts wighsthuctural engineer.

5.5 Lateral Earth Pressure

5.5.1 Cohesive Soil Model

Based on the conditions encountered in the borpey$ormed within the new roadway
reconstruction project area fronf Btreet to Perry Street, the soils along laterating for
excavation support are anticipated to consisted@minantly native cohesive soils. The borings
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performed north of Perry Street for the proposethpistation encountered upper-profile
granular soils underlain by cohesive soils. Beloadg walls for the pump station and lateral
bracing for excavation support in this area cowldservatively be modeled using a simplified
subsoils condition based on cohesive soils.

Below-grade walls are anticipated to be restrain@ch rotation and are considered rigid and
non-yielding. As such, lateral earth pressureslsha®iassumed for “at-rest” conditions. For the
encountered subsurface soils, an at-rest latertdl peessure coefficient {kof 0.5 should be
used along with a total soil unit weight of 140 pds per cubic foot (pcf) in determining the
lateral pressure acting on the walls. Alternatahyequivalent fluid weight of 70 pcf may be used
for the at-rest case design.

For retaining walls and temporary sheetpile wdlk tare not restrained from rotation, lateral
earth pressures should be assumed for “active”itond. For the encountered subsurface soils,
an active lateral earth pressure coefficiegt@dk0.33 should be used along with a total soil un
weight of 140 pounds per cubic foot (pcf) in detigrimg the lateral pressure acting on the walls.
Alternately, an equivalent fluid weight of 50 pchynbe used for the active case design.

5.5.2 Layered Soil Model

As indicated in the previous section, granularssard granular fill materials were encountered
in the upper soil profile of the pump station bgsmperformed between Perry Street and the
Portage River. Lateral earth pressure design &sdlstructures may consider lower lateral earth
pressures than what would be determined from muaglstrictly cohesive soils such as discussed
in Section 5.5.1.

Below-grade walls are anticipated to be restrain@ach rotation and are considered rigid and
non-yielding. As such, lateral earth pressures lshibet assumed for “at-rest” conditions. For
retaining walls and temporary sheetpile walls #ratnot restrained from rotation, lateral earth
pressures should be assumed for “active” conditiBased on Borings B-004 and B-005 at the
potential pump station locations, lateral eartlspuee design parameters are presented in the
following table.
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Table5.5.2. Layered Lateral Earth Pressure Design Parameters

At-Rest Case Active Case Design Elevation

Total Lateral . Lateral .

ol Laye | U0 | Eartn | o | gy | Bl
Y Weight Pressure ; Pressure ; B-004 B-005

- Weight . Weight

(pcf) Coefficient (pch) Coefficient (pcf)

(ko) (ka)
Granular |, 0.50 60 0.33 40 575-560 575 — 561
Materials
Cohesive 140 0.50 70 0.33 50 569- 561+

Since the granular materials are generally looseddium dense, and the cohesive soils are
generally medium stiff to very stiff, the recommedddesign earth pressure coefficients are
taken to be similar. Inasmuch as the unit weighty by 20 pcf, design using a “single-layer”
cohesive soil model may be only somewhat more cuagee than design using a layered
approach soil model, particularly for the B-004dbon where the granular soils do not extend as
deep as at the B-005 location.

5.5.3 General

For below-grade wall design considerations, if lovegeral earth pressures are preferred for
structural design considerations, a select gratalekfill material should be specified, and earth
pressure coefficients can be adjusted accordimtpyvever, this would require a substantial

wedge of granular fill.

Additionally, lateral loading due to hydrostatiepsures below the design groundwater depth
should be included in design of below-grade wails i@taining walls. Depending on the design
methodology, total lateral pressures would be @miltant of the hydrostatic pressures in
combination with submerged (or “effective”) unit igets of the soil. Effective unit weights of
80 pcf and 60 pcf should be used for cohesive soidsgranular soils, respectively, for lateral
earth pressure design below the design groundwafgh.

If design of below-grade walls will consider themal Portage River level in the project vicinity
and the 100-year flood elevation for the PortagesRistructural load factors and geotechnical
factors of safety (if pertinent to the design melitlogy) may consider the flood elevation as the
“unusual” groundwater condition with a lesser Iéactor or lower required factor of safety than
for the normal river level as the “normal desigrsisagroundwater elevation. We would be
pleased to review any geotechnical aspects ofcglylity of geotechnical load-resistance factors
or geotechnical factors of safety in the contexyair design.
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It should be noted that the above k-parametetsipteceding sections may be used for general
design of subsurface structures, retaining watld,excavation support systems associated with
the project. However, certain types of braced eattans may account for method-specific earth
pressure distributions, for which the above paramsethould be reviewed and utilized in the
proper context of the design method/system.

A passive earth pressure coefficien) @ 3.0 may be utilized for the portion of tempgraalls
(e.g., sheet pile walls) that is below the excaraltiottom. In the case of permanent structures, a
kp, value of 3.0 should only be utilized below thestrdepth of 3% feet below toe grades. It
should be noted that some wall movement or horaaisplacement is typically needed to
mobilize the full passive pressure of the soil.

It should also be noted that the earth pressur@icieats in the preceding sections are based on
a level backfill condition behind the retaining Wt areas where appreciable sloping materials
are present behind the top of the wall, surchangdihg or equivalent higher earth pressure
coefficients should be evaluated, based on thergjapaterial, backfill slope, and proximity to
the wall. In general, 50 percent of the verticatbarge load should be used for lateral loading in
the design of the wall.

5.6 Open-Cut Excavations

The sides of the temporary excavations for utiiitg installation should be adequately sloped to
provide stable sides and safe working conditiortee@vise, the excavation must be properly
braced against lateral movements.

Due to the required depth of excavation below ttweigdwater table for the proposed pump
station, as well as the presence of upper profitarated granular soils, we anticipate use of
sheet-pile cutoff walls as the optimal method tanage groundwater and control of seepage
gradients, as well as to avoid an excessively Jaxgen excavation.

Design of sheet-pile cutoff walls should be thepassibility of the contractor, since their
installation and performance is integrally tied the contractor's means and methods of
construction. In any case, applicable Occupati&aééty and Health Administration (OSHA)
standards must be followed. It is the responsgybdf the installation contractor to develop
appropriate installation methods and equipmentipaions prior to commencement of work,
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and to obtain the services of a qualified engirteedesign or approve sloped or benched
excavations and/or lateral bracing systems as nedjby OSHA criterialn addition, OSHA
requiresthat excavations with open-cut slopes higher than 20 feet, or braced excavation
support systems such as sheetpiling or cofferdams be reviewed and designed by a
registered professional engineer.

If the excavation is to be performed with slopedksa adequate stable slopes must be provided.
Based on the soil conditions encountered in thet@sngs, utility excavations may encounter
the following types of soils:

* OSHA Type A soils (cohesive soils with unconfinegimpressive strengths of
3,000 pounds per square foot (psf) or greater),

* OSHA Type B soils (cohesive soils with unconfineinpressive strengths greater
than 1,000 psf but less than 3,000 psf), and

* OSHA Type C soils (fill materials and granular shil

For temporary excavations in Type A, B, and C salde slopes must be no steeper than
¥ horizontal to 1 vertical (%2H:1V), 1H:1V, and 1Y4N, respectively. For situations where a
higher strength soil is underlain by a lower sttargpil and the excavation extends into the
lower strength soil, the slope of the entire extiavas governed by that required for the lower
strength soil. In all cases, flatter slopes maselgiired if lower strength soils or adverse seepage
conditions are encountered during construction.déemanent excavations and slopes, grades
should be no steeper than 3H:1V.

If a portable trench box (also known as a slidiegp¢h shield) system is utilized, vertical side
slopes may be used up to 18 inches below the tthyeahield. The sides should be sloped from
that point to the ground surface in accordance with criteria presented in the preceding
paragraph.

Construction traffic and excavated material stdelgshould be kept away from the excavation a
minimum distance equal to the full depth of theasation. The construction excavation should
not be left open any longer than necessary. As sgoa section of the utility installation is
completed, the area should be backfilled to fimatlg.

We emphasize the need for placing the fill in ldtsd compacting each lift to the specified
density, especially where the trenches and exaaatwill be directly beneath roadway
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pavement. The installation contractor should nallmeved to push or end-dump several feet of
backfill into the trench as a single layer or lifgcause the lower portion of a thick lift will not
achieve significant densification from compactigument operating at the surface of that lift.
Utility trenches and excavations beneath roadwdwsild be backfilled with ODOT 304
aggregate for the full depth of excavation to aymdt-construction roadway settlement.

5.7 Groundwater Control and Drainage

As stated previously, groundwater was initially@mnatered during drilling in Borings B-004 and
B-005 at depths of approximately 4%, feet and 5% l@éow existing grade, respectively.
Groundwater was observed upon completion of dglimthese same two borings at depths of
approximately 26 feet and 23 feet, respectivelpu@dwater was not encountered during drilling
or observed upon completion of drilling operatiamghe remaining borings. Based on the soil
characteristics and groundwater conditions encoedt@ the borings, it is our opinion that the
“normal” groundwater table will be generally enctened at a depth of 11 feet or greater below
existing grades for the portion of the project aeath of Perry Street. Closer to Portage River,
groundwater may be present shallower, likely meetive river level along the shoreline.

It should be noted that “perched” water may be antered in the granular alluvial deposits and
granular existing fill materials. It is our experee that adequate control of groundwater seepage,
perched water, or surface water run-off into slvakbxcavations in predominantly cohesive soil
profiles should be achievable by minor dewateriygfesms, such as pumping from prepared
sumps.

For pump station installation, due to the depthxafavation below the groundwater depth and
the presence of upper profile water-bearing graradds, we anticipate that the most effective
means of temporary groundwater management andotoheepage gradients in the bottom of
the excavation will consist of a system of shegtgitiriven into the underlying clays acting as a
cut-off wall, in conjunction with a prepared sumpdagpump operation in the bottom of the

excavation.

Where excavations extend below ambient groundveateditions, there is potential for clayey
soils to become soft when saturated and/or exposseepage pressures. If diligence and care is
taken to maintain a stable subgrade upon excavatignificant modification of the bearing
surface is not likely to be required. If the exdamawill remain open for a period of time prior
to installation of slabs, a mud mat should be plaatethe base of the excavation to maintain a
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suitable working surface. If soft or saturated e soils are encountered, or if seepage and
surface runoff result in an unstable excavatiotdoot the subgrade will need to be undercut and
replaced with granular fill to provide a firm stat on which to construct the structure slabs. It
is our experience that the undercut will need ta Ip@nimum of 12 inches to provide a stable
bridging layer of granular material. Additional dission regarding granular engineered fill

placement to maintain a stable working subgrageasented in Section 5.4.1 for the pump
station.

In the event excessive seepage is encounteredgdeoirstruction, TTL should be notified to
evaluate whether other dewatering methods are netjui
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6.0 CONSTRUCTION RECOMMENDATIONS

6.1 Siteand Subgrade Preparation

For the new pavements to be located along Jeffé@s@et, site preparation activities should
include the removal of existing pavements, briadnarete, and other deleterious non-soil
materials from all proposed roadway areas.

Upon completion of pavement, brick, and concreteawal, the areas intended to support new
fill and pavements should be carefully inspectedlgeotechnical engineer. At that time, the
engineer may require proof rolling of the cohesubgrade soils, which should be performed
with a 20- to 30-ton loaded truck or other pneumtted vehicle of similar size and weight.
Proof rolling/compaction of the granular subgradbeuld be performed using a vibratory,
smooth- drum roller. The roller or truck should raakminimum of two passes covering the
proposed development area, with additional passes@essary to achieve required compaction
and/or subgrade stabilization.

The purpose of proof rolling is to locate any wesakt, loose, or excessively wet soils that may
be present at the time of construction. The purpbs#ratory compaction for the granular soils
is to densify zones of loose materials that areentered in the upper portion of the soil profile,
thereby providing more uniform subgrade supportr&emmend a roller with a minimum dead
weight on the drums of 8 tons, vibrating at 30 Hzgeeater, and traveling at speeds not
exceeding approximately 4 feet per second (abouites per hour). These operational criteria
should provide sufficient dynamic compaction en¢ogglleviate loose soil conditions within the
zone of influence for subgrade support.

Depending on construction sequence and incorparafithe existing aggregate base or granular
fill into the new pavement section, the proof-raicompaction operations may be performed on
a comparatively thin layer of granular materialthe underlying subgrade is found to be
unstable, it will be necessary to remove this gi@naone as part of the undercut and
replacement discussed in Section 5.2.2 of thisrtepo

Once the proof-rolling operations are completeddmonstrate the stability of the subgrade,
and/or subgrade undercuts and replacement are etmdphny remaining aggregate base layer(s)
should be re-compacted utilizing a vibratory smedriim roller.

Any unsuitable materials observed during the inspe@nd proof-rolling operations should be
undercut and replaced with compacted fill or stabd in place utilizing conventional remedial
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measures such as discing, aeration, and recompa@ice the site has been proof rolled,
inspected, and stabilized, the proof-rolled or édpd subgrades should not be exposed to wet
conditions. It should be recognized that duringqeks of wet weather, the clayey soils that will
be exposed at design subgrades will tend to pordrviar short periods of time, with the
potential to deteriorate the prepared subgrade.

The results of the inspection and proof-rolling @ens will be partially dependent on
construction operations, the moisture content@gthil, and the weather conditions prevalent at
the time. If pumping or rutting is encountered diféiculty is experienced in the operation of
construction equipment, TTL may be notified in arttedetermine which method of subgrade
modification may be best suited for the conditi@msountered. Should such conditions be
experienced, we may recommend that a small test@rased to determine the necessary depth
of undercutting and stone replacement or other deshaction necessary to achieve a stable
subgrade condition.

6.2 Fill

Material for engineered fill or backfill required aichieve design grades may consist of any
non-organic soils having a maximum dry densityetegnined by the Standard Proctor (ASTM
D 698) of 90 pounds per cubic foot (pcf) or greafm-site soils may be used as engineered fill
materials provided that they are free of organittenadebris, excessive moisture, and rock or
stone fragments larger than 3 inches in diametgpeDding on seasonal conditions, the on-site
soils may be wet of optimum and may require seaiion and aeration to achieve satisfactory
compaction. If the construction schedule does llmidor scarification and aeration activities, it
may be more practical or economical to utilize imi@d granular fill.

As mentioned in Section 5.6, utility trenches amda@ations beneath roadways should be
backfilled with ODOT 304 aggregate for the full tlepf excavation to avoid post-construction
roadway settlement.

Fill should be placed in uniform layers not morarth8 inches thick (loose measure) and
adequately keyed into stripped and scarified sAlldill within pavement subgrades should be

compacted to a density of not less than 100 peafehe maximum dry density as determined
by ASTM D 698 (Standard Proctor).
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The on-site soils consist of predominantly cohesniés. The contractor should be prepared to
use a sheepsfoot roller to compact the on-sitestatisoils. Compaction for aggregate base and
existing granular materials should be performet wivibratory smooth-drum roller. In narrow
utility excavations, the on-site clays may be diift to compact; therefore, a clean granular
material may be required in these areas.

Scarified subgrade soils and all fill material skidae within 3 percent of the optimum moisture
content to facilitate compaction. Furthermore,riliterial should not be frozen or placed on a
frozen base. It is recommended that all earthwarksate preparation activities be conducted
under adequate specifications and properly mordtorghe field by a qualified geotechnical
testing firm.

6.3 Foundation Excavations

As mentioned in Section 5.4.1, pump station fouiodat should have a detailed footing
inspection performed for each foundation. A geatézdl engineer or qualified representative
should perform these inspections to verify that éixposed materials are similar to those
encountered in the borings, and that engineelldalbeen properly placed and compacted such
that it is capable of supporting the design beapirggsure.

We recommend that the foundation excavations bereted as soon as practical after they are
excavated and that water not be allowed to poadyrexcavation. If it is necessary to leave the
bearing surface open for any extended period of,tiwe recommend that a thin mat of lean

concrete be placed over the bottom of the excavabioover-excavation and replacement with

granular engineered fill be performed to reduce agnto the surface from weather or

construction. Foundation concrete should not begalan frozen or saturated subgrade.

Additional pump station foundation subgrade insjpecand preparation recommendations are
provided in Section 5.4.1.
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7.0 QUALIFICATION OF RECOMMENDATIONS

Our evaluation of soils-related pavement, subserfattity, and pump station design and
construction conditions has been based on our stateling of the site and project information,
and the data obtained during our field exploratidre general subsurface conditions were based
on interpretation of the subsurface data obtainsgecific boring locations. Regardless of the
thoroughness of a subsurface exploration, theéheipossibility that conditions between borings
will differ from those at the boring locations, theonditions are not as anticipated by the
designers, or that the construction process hasedlthe soil conditions. This is especially true
for previously developed sites. Therefore, expeeeingeotechnical engineers should observe
earthwork to confirm that the conditions anticiphia design are noted. Otherwise, TTL
assumes no responsibility for construction comgkanith the design concepts, specifications,
or recommendations.

The design recommendations in this report have deeeloped on the basis of the previously
described project characteristics and subsurfawditbons. If project criteria or locations change,
a qualified geotechnical engineer should be pesthitt determine whether the recommendations
must be modified. The findings of such a review W presented in a supplemental report.

The nature and extent of variations between thmgemay not become evident until the course
of construction. If such variations are encounteiiedvill be necessary to reevaluate the
recommendations of this report after on-site oleéras of the conditions.

Our professional services have been performedimilings derived, and our recommendations
prepared in accordance with generally acceptedegknical engineering principles and
practices. This warranty is in lieu of all otherrveanties either expressed or implied. TTL is not
responsible for the conclusions, opinions, or rec@mdations of others based on this data.
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LEGEND KEY

Ohio Department of Transportation Soil Symbols

z 0 2 A-1-a - Gravel and/or Stone [ 2D G _] A-1-b - Gravel and/or Stone EPRR A-2-4,A-2-5 - Gravel and/or e A-2-6,A-2-7 - Gravel and/or
’ = o | Fragments [ = 0',9' Fragments with Sand f o {.5 Stone Fragments with Sand and = Stone Fragments with Sand, Silt
s} 11154 sitt Z£-2 and Clay
g © L d | {0 o
-] A-3 - Fine Sand ] A-3a- Coarse and Fine Sand A-4a - Sandy Silt ToT. A-4b - Silt
. T
+ +
+ +
A-5 - Elastic Silt and Clay A-6a - Silt and Clay A-6b - Silty Clay A-7-5 - Elastic Clay

A-7-6 - Clay A-Ba - Organic Silt A-8b - Organic Clay Asphalt
+

Sod and/or Topsoil 7 Concrete . . | Random Fill - Peat
Dolomite Weathered Dolomite [ || Limestone 1.7 7| Weathered Limestone
| ¥
[ 1 Y
I I
-] Sandstone 7] Weathered Sandstone [ ] Shale Weathered Shale
Notes:

1. Pavement cores and exploratory borings were pegdram July 23 and 24, 2018, using a 4-
inch diameter pavement core barrel, 3%-inch outdideneter solid stem augers, as well as
3Y¥s-inch inside diameter hollow-stem augers.

2. These logs are subject to the limitations, conolsi and recommendations in the report and
should not be interpreted separate from the report.

3. The borings were field located by TTL Associatesc.lbased on direction from CT
Consultants. Ground surface elevations presenteth®rboring logs were estimated from
Google Earth.

4. Unconfined Compressive Strength (tsf):
NI = Not Intact.
NP = Non-Plastic.
NR = No Recovery.
“** = Unconfined compressive strength per ASTM D651

1654701 leg Jefferson St Reconstruction

ITL

assoclates |[inc
wae




e OHIO DEPARTMENT OF
TRANSPORTATION

Subgrade Analysis

V143 1/20/2018

OHIO DEPARTMENT OF TRANSPORTATION

OFFICE OF GEOTECHNICAL ENGINEERING

PLAN SUBGRADES
Geotechnical Bulletin GB1

OTT-Jefferson Street Reconstruction
PID 106850
Third Street to Perry Street
Port Clinton, Ohio

TTL Associates, Inc.

Prepared By: Katherine C. Hennicken, P.E.
Date prepared: Thursday, August 09, 2018

Katherine C. Hennicken, P.E.
TTL Associates, Inc.

1915 North 12th Street
Toledo, Ohio 43604
419-324-2222
khennicken@ttlassoc.com

NO. OF BORINGS: 3

TLL Project No. 1654701
OTT-Jefferson Street Reconstruction, PID 106850
’ 7_’_ Third Street to Perry Street

i Port Clinton, Ohio



ubgrade Analysis

V.143 7/20/2018 |
Proposed
Subgrade
# BoringID Alignment Station Offset Dir Drill Rig EL
1 |[B-001-0-18 Just North of 3rd St. CME 75 Truck 111 75 577.0 576.0
2 |B-002-0-18 Just North of 2nd St. CME 75 Truck 111 75 577.0 576.0
3 |B-003-0-18 Just South of Perry St. CME 75 Truck 111 75 576.0 575.0

TLL Project No. 1654701

OTT-Jefferson Street Reconstruction, PID 106850

Third Street to Perry Street
Port Clinton, Ohio



o1y ‘uolul]) Hod

192415 Alidd 03 199438 pJIylL
0S890T Ald ‘UOI1INIISUOIDY 193]S UOSIDHI(-110
TOLYS9T "ON 129[04d T1L

T

fTsaivjsosse

117

sishjeuy apealbigng

1O LNIWIAVJIAJ OIHO

)

8 ar-v | o1 Le € 8 1€ SL | 09 | S8 |09 ¥-SS
oT |[®e9v ] vT [44 € S¢ 0s | 0E |09 |OF €-SS 8T
SN 0T |®e9v ] LT 0¢ 06 S9 S¢ VT [T |9e|sLe €¢ 0e | ST |0V | ST ¢SS 0-€00
W8T °0°N W8T JIN B %°N 0T [e9v ] T 144 SL'C 8 ST | 00 | SC|OT T-SS 4
ar-v | o1 6T IN S % 08 | 9 |06 |99 ¥-SS
8 ar-v | o¢ 1¢ 06 LE €9 ¢ |Sst LT Sse 9¢ S9 | §€ | S9|9Y €-SS 8T
SN 0T |[B9Vv ] 91 0¢ SL 0s S¢ VT [Te|sejscy 8T G€ | 0C | SV |O¢€ ¢SS 0-200
WWT'N WEE JIN B %°N 0T |[e9v ] T 6T € S 0C | 00 |O€E|OT 1-SS 9
8 ar-v | o1 91 1% (o) S€ SL | 09 | S8 |09 ¥-SS
8 ar-v | 01 9T Sy 1£4 05 | O |09 | OS €-SS 8T
0T [e9v ] /T 144 SL 0S S¢ jvrtfee o] IN VT Oy | 0C | 0S | O'€ ¢-SS 0-T00
W1 °°N Wl JIN B %°N 0T |[e9v ] T 0¢ € 0t 0c | ¢o |o€E|TT 1-SS 9
d|qeisun |3|qeunsun |3|qeisun | djqeunsun (wdd) 19 |ssep|opn | 2w Joozd | Aep % s % | 1d |14 | 1 1) o9y | ooy o1 |wosg| or |woag
HOREPUSUILIISY (voz wam) worqord .“uwmp:ou A dH |uonensuad | yideg a1 5 dwes | suo
2oe|day pue a1eaedxy #NS 10aomo AnsION SORSUIPEIEY) [e1574d pJepuels apessqns a|dwes I S Hod
8102/0¢/L A NOILVLIOJSNVY L




Subgrade Analysis

@ OHIO DEPARTMENT OF
=/ TRANSPORTATION 7/90/7018

PID: PID 106850

County-Route-Section: OTT-Jefferson Street Reconstruction
No. of Borings: 3

Geotechnical Consultant: TTL Associates, Inc.
Prepared By: Katherine C. Hennicken, P.E.
Date prepared: 8/9/2018

Chemical Stabilization Options Exca\./a.te ?nd Reptlace
Stabilization Options
Global Geotextile
320 Rubblize & Roll No .
Average(N60L): 15" De5|gn 6
206 Cement Stabilization Option Average(HP): 0" CBR
Global Geogrid
Lime Stabilization No
Average(N60L): (1
206 Depth 14" Average(HP): o"
% Samples within 6 feet of subgrade Excavate and Replace
P % Proposed Subgrade Surface
Ngo< 5 8% HP< 0.5 0% at Surface
Ngo< 12 25% 0.5<HP<1 0%
2 2 - Average 0" Unstable & Unsuitable 83%
12 < Ngo< 15 8% 1<HP<2 0%
Ngo 2 20 58% HP > 2 83%
- - 2 Maximum o" Unstable 83%
M+ 42%
Rock 0% .. " :
Minimum 0 Unsuitable 0%
Unsuitable 42%
Neo NeoL HP LL PL PI silt Clay P200 M. Mopr Gl
Average 22 8 3.45 34 23 11 32 51 83 21 14 9
Maximum 45 10 4.25 36 25 14 53 65 90 27 20 10
Minimum 5 5 2.75 27 21 2 25 37 75 16 10 8

Classification Counts by Sample

[ep]o ) Mo FIIMM Rock A-1-a A-1-b A-2-4 A-2-5 A-2-6 A-2-7 A-3 A-3a Ada A-db A-5 A-6a A-6b A-7-5 A-7-6 A-8a A-8b Totals

Count 0 0 0 0 0 0 0 0 0 0 5 0 7 0 0 0 0 0 12
Percent | o% | o% | o% | o% | o% 0% | 0% | 0% | 0% | o% | 42% | 0% | ss% | o% | 0% | o% | o% | o% 100%
% Rock| Granular|Cohesive| o% 0% 100% 100%
SurfaceClassCount | o | o | o 0 0 0 0 0 0 0 0 0 6 0 0 0 0| o 6
Surface Class Percent 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% | 100% | 0% 0% 0% 0% 0% 100%

TLL Project No. 1654701
OTT-Jefferson Street Reconstruction, PID 106850

’ 7_’_ Third Street to Perry Street

oy Port Clinton, Ohio
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e OHIO DEPARTMENT OF
TRANSPORTATION

Subgrade Analysis

V143 1/20/2018

OHIO DEPARTMENT OF TRANSPORTATION

OFFICE OF GEOTECHNICAL ENGINEERING

PLAN SUBGRADES
Geotechnical Bulletin GB1

OTT-Jefferson Street Reconstruction
PID 106850
North of Perry Street
Port Clinton, Ohio

TTL Associates, Inc.

Prepared By: Katherine C. Hennicken, P.E.
Date prepared: Thursday, August 09, 2018

Katherine C. Hennicken, P.E.
TTL Associates, Inc.

1915 North 12th Street
Toledo, Ohio 43604
419-324-2222
khennicken@ttlassoc.com

NO. OF BORINGS: 2

TLL Project No. 1654701
OTT-Jefferson Street Reconstruction, PID 106850

]_7—’_ North of Perry Street

i Port Clinton, Ohio
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ubgrade Analysis

V.14.3 7/20/2018 |

Proposed
Subgrade
Boring ID Alignment Station Offset Dir Drill Rig EL
1 |[B-004-0-18 Just North of Perry St. CME 75 Truck 111 75 575.0 574.0
2 |B-005-0-18 Near Existing Restroom Building CME 75 Truck 111 75 575.0 574.0

TLL Project No. 1654701

OTT-Jefferson Street Reconstruction, PID 106850

North of Perry Street
Port Clinton, Ohio
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OHIO DEPARTMENT OF
TRANSPORTATION

PID:

County-Route-Section:
No. of Borings:

Geotechnical Consultant:
Prepared By:
Date prepared:

PID 106850

OTT-Jefferson Street Reconstruction
2

TTL Associates, Inc.
Katherine C. Hennicken, P.E.

8/9/2018

Subgrade Analysis

1/20/7018

Chemical Stabilization Options Exca\./a.te ?nd Reptlace
Stabilization Options
Global Geotextile
320 Rubblize & Roll No " .
Average(N60L): 24 De5|gn 13
206 Cement Stabilization No Average(HP): 18" CBR
Global Geogrid
Li Stabilizati Opti
ime Stabilization ption Average(N6OL): 18"
206 Depth 16" Average(HP): o"
% Samples within 6 feet of subgrade Excavate and Replace
P % Proposed Subgrade Surface
Ngo< 5 50% HP< 0.5 0% at Surface
Ngo< 12 63% 0.5<HP<1 13%
2 - 2 Average 0" Unstable & Unsuitable 0%
12 < Ngo< 15 25% 1<HP<2 0%
Ngo 2 20 0% HP >2 0%
2 - > 2 Maximum 0" Unstable 0%
M+ 0%
Rock 0% L. " 3
Minimum 0 Unsuitable 0%
Unsuitable 0%
Neo NeoL HP LL PL PI silt Clay P200 M. Mopr Gl
Average 9 4 1.00 21 1 22 28 8
Maximum 18 5 1.00 23 1 24 54 14
Minimum 3 3 1.00 19 1 20 12 6

Classification Counts by Sample

(elb[e) e FIX Rock A-1-a A-1-b A-2-4 A-2-5 A-2-6 A-2-7 A-3 A-3a Ad4a A-db A5 A-6a A-6b A-7-5 A-7-6 A-8a A-8b Totals
Count 0 0 4 1 0 0 0 0 2 0 0 0 1 0 0 0 0 0 8
Percent 0% 0% | 50% | 13% 0% 0% 0% 0% 25% 0% 0% 0% 13% 0% 0% 0% 0% 0% 100%
% Rock| Granular|Cohesive| o% 88% 13% 100%
Surface ClassCount | o | o 2 1 0 0 0 0 1 0 0 0 0 0 0 0 o| o 4
Surface Class Percent 0% 0% 50% | 25% 0% 0% 0% 0% 25% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100%

ITL

assoclates|Ine

TLL Project No. 1654701

OTT-Jefferson Street Reconstruction, PID 106850

North of Perry Street
Port Clinton, Ohio
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CORE LOG for B-001-0-18

' l Project: OTT-Jefferson Street Reconstruction
Project Location: Port Clinton, Ohio

associates|inc
LL ]

Environmental, Geotechnical
Engineering & Testing

TTL Project No. 1654701
Core Date: July 24, 2018

ASPHALT THICKNESS (in) = 4.0
BRICK THICKNESS (in) = 4.0
CORE BARREL DIAMETER (in) = 4.0

VISUAL DESCRIPTION:




CORE LOG for B-002-0-18

Project: OTT-Jefferson Street Reconstruction

. — Project Location: Port Clinton, Ohio
associates|in

C
) TTL Project No. 1654701

Core Date: July 24, 2018

Environmental, Geotechnical
Engineering & Testing

ASPHALT THICKNESS (in) = 15
CONCRETE THICKNESS (in) = 8.0
CORE BARREL DIAMETER (in) = 4.0

VISUAL DESCRIPTION:

3/16-inch steel bars at 4% inches below top of concrete.




CORE LOG for B-003-0-18

'_' l 7 Project: OTT-Jefferson Street Reconstruction
' Project Location: Port Clinton, Ohio

associates |inc

oo TTL Project No. 1654701

Core Date: July 24, 2018

Environmental, Geotechnical
Engineering & Testing

ASPHALT THICKNESS (in) = 1.25
CONCRETE THICKNESS (in) = 7.25
CORE BARREL DIAMETER (in) = 4.0

VISUAL DESCRIPTION:

3/16-inch steel bars at 4% inches below top of concrete.




CORE LOG for B-004-0-18

’ l Project: OTT-Jefferson Street Reconstruction
Project Location: Port Clinton, Ohio

L]

associates|inc :
1) TTL Project No. 1654701
Core Date: July 23, 2018

Environmental, Geotechnical
Engineering & Testing

LRl 1At L J

8.0

ASPHALT THICKNESS (in)

CORE BARREL DIAMETER (in) 4.0

VISUAL DESCRIPTION:




CORE LOG for B-005-0-18

’ l Project: OTT-Jefferson Street Reconstruction
Project Location: Port Clinton, Ohio

L]

associates|inc :
1) TTL Project No. 1654701
Core Date: July 23, 2018

Environmental, Geotechnical
Engineering & Testing

ASPHALT THICKNESS (in) = 3.0
4.0

CORE BARREL DIAMETER (in)

VISUAL DESCRIPTION:







