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Mr. Chris Dopp. PE

City of Battle Creek DPW/Engineering Division
150 South Kendal Street

Battle Creek, Michigan 49015-2271

RE: The City of Battle Creek Materials Testing Services
Willard Beach Porous Pavements
Battle Creek. Michigan
SME Project No. KP50021K

Dear Mr. Dopp:

SME has completed the pavement subgrade evaluation and design for the
referenced project. This letter presents a summary of our field evaluation
procedures, our findings, and recommendations for porous pavement
design and construction.

EXISTING SITE CONDITIONS/PROJECT DESCRIPTION

The project site is located at the existing Willard Beach Park located at
950 Northeast Capital Avenue in Battle Creek, Michigan. We understand
the project will consist of reconstruction of the existing pavements to
integrate a porous pavement design. A proposed grading plan was not
available for our use in developing these pavement recommendations. We
assume the final pavement grades will remain generally unchanged after
completion of the construction activities. These recommendations should
be considered preliminary until we review a final grading/paving plan.

Specific traffic information was not provided for use in developing
pavement recommendations. We anticipate traffic at the site to consist of
automobiles, light duty passenger trucks, maintenance vehicles, and
occasional refuse haulers. Based on the use of a porous pavement section
we recommend a uniform pavement section throughout the pavement area.
For design of the heavy-duty pavement sections, we have assumed that
less than 100,000 Equivalent Single Axle Loads (ESALSs) (less than three
heavy vehicles per day) will occur over a twenty-year period. Should
these traffic assumptions be found incorrect, SME should be contacted and
asked to revise these recommendations accordingly.

EVALUATION PROCEDURES

Three soil probes (Bl through B3) were performed by SME on September
7, 2005. The soil probes extended approximately 12 to 16 feet below the
existing pavement surface. The approximate locations of the soil probes
are shown on the Soil Probe Location Diagram included as an attachment
to this letter. The number, locations, and depths of the soil probes were
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selected bv The City of Battle Creek and SME. The soil probes were advanced using an all
terrain vehicle (ATV) mounted hydraulic push Geoprobe device.

Groundwater level measurements were recorded immediately after completion of the soil probes
at each location. After probing was completed, the soil probes were backfilled with cuttings and
the pavement surface was patched with commercial asphalt cold patch. Therefore, long-term
groundwater level information is not available from the soil probe locations.

LABORATORY TESTING

The general laboratory testing program consists of performing visual soil classification on the
recovered samples, along with moisture content and hand penetrometer tests on portions of
cohesive samples obtained. A constant head permeability test was performed on samples of the
granular soils encountered for design of the porous pavement system. The test method used for
the constant head permeameter was consistent with ASTM D2434-68 (2000), Standard Test
Method for Permeability of Granular Soils (Constant Head).

The soil samples were visually classified in general accordance with the Unified Soil
Classificanion Svstem (USCS). The estimated group symbol, according to the USCS, is shown
in parenthzses following the textural description of the various strata on the soil probe logs. The
appended General Notes sheet includes a brief summary of the general method of describing the
soil and assigning an appropriate USCS group symbol.

Soil sampies retained over a long time, even in sealed jars, liner samples, or plastic bags are
subject to moisture loss and are no longer representative of the conditions initially encountered
in the field. Therefore, soil samples are normally retained in our laboratory for 60 days and then
disposed. unless instructed otherwise.

SUBSURFACE CONDITIONS

Approximately 3.0 to 4.0 inches of asphalt concrete was encountered at soil probes B1 through
B3. No aggregate base was encountered underlying the asphalt concrete. Variable textured sand
fill was encountered underlying the pavement at soil probe B1 to a depth of 3.5 feet below the
ground surface. Natural silty clay was encountered underlying the pavement or sand fill at soil
borings B! and B2 to a depth of 2.5 to 8.5 feet below the ground surface. The estimated shear
strength of the natural silty clay ranged from 2.0 ksf to greater than 4.5 ksf, indicating a very stiff
to hard coadition. The moisture content of the silty clay ranged from 10 to 21 percent. Natural
variable textured sand was encountered underlying the sand fill, natural clay, or pavement at soil
borings B through B3 to the explored depths of the soil borings.

Groundwater

Groundwater was not encountered at the soil probe locations. Hydrostatic groundwater levels
should be expected to fluctuate throughout the year, based on variations in precipitation,
evaporanon. run-off and other factors. The groundwater levels discussed herein, and indicated
on the soii probe logs, represent the conditions at the time the measurements were obtained.
Groundwarer conditions at the time of construction could vary.
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Willard Beach Porous Pavements — Battle Creck, Michigan

The soil descriptions and properties. in addition to groundwater conditions observed by the
driller, are presented in the soil probe logs attached to this report. Please refer to the soil probe
logs for the detailed soil information at the specific soil probe locations.

ANALYSIS AND RECOMMENDATIONS

Constant Head Permeability Testing

A constant head permeability test was performed on representative granular samples from each
of the soil probe locations the depths are indicated in the table below. As stated in the Porous
Pavement System Recommendations section of this report, the permeability test results assume
the removal of the impermeable silty clay layers encountered at soil probes Bl and B2. The
coefficient of permeability obtained, and the corresponding infiltration rate, is presented in the

following table.

PERMEABILITY TEST RESULTS
Elevation of USCS Group CP?:E;Z?E of
Sample Tested Sample Symbol &) 24 Infiltration Rate
8.5to 12 Feet 2
BI Below Existing SP 1.3x10 16 in/hr
cm/sec
Grades
4.0 to 8.0 Feet ®)
B2 Below Existing SP 1.0x 10 14 in/hr
< cm/sec
Grades
4.0 to 8.0 Feet 2
B3 | Below Existing SP 1.3x10 16 in/hr
cm/sec
Grades

Based on published empirical correlations between grain size and permeability, and our
experience with similar soils, the coefficients of permeability obtained are generally consistent
with the permeability charactenstics or relatively clean sands, and sand/gravel mixtures. The
tested soils can generally be characterized as having medium permeability, and should generally
be suitable for infiltration drainage in a porous pavement system.

The design seepage rate may also be dependent on factors not related to the soil coefficient of
permeability. Vanations in field conditions relative to the laboratory test conditions should be
considered when choosing the design seepage rate. Some reduction in the infiltration rate could
occur over time due to silting of the basin bottom. SME recommends that once bottom of basin
elevation is achieved that in-place percolation tests be performed to confirm laboratory
infiltration rates. The basin design for the porous pavement system should take into account
several factors such as city township/county/state requirements, and frost penetration.
Additionally, a source for the I to 3 inch reservoir material specified below should be
determined prior 10 the design of the project to calculate the void space for design of the basin

volume.
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Porous Pavement Svstem Recommendations

Overall, based on the soil borings and the constant head permeability testing, the granular
subgrade soils encountered are considered to be suitable for the construction of a porous
pavement system. Prior to any construction on the site it is essential that silt fence is installed
and maintained on the site to minimize silting of the porous pavement system. SME
recommends the silt fence be maintained until any disturbed green areas have fully developed
vegetation. Green areas should also be designed to slope away from the porous pavement area.

To reduce the possibility of frost related damage. we recommend the porous pavement section be
designed to exceed the depth of frost penetration in the region. Therefore, we recommend
designing the basin bottom a minimum 42 inches from the proposed top of pavement elevations.
This minimum depth should be maintained even if design volumetric calculations indicate a
shallower basin could be used. We recommend the basin extend a minimum of 12 inches
beyond the edge of pavement surfaces. We also recommend the basin sidewalls be designed
with a 2:1 slope to allow for proper drainage of the pavement system.

Based on the soils encountered at soil probes Bl and B2, we recommend the silty clay be
removed and any deficiencies in grade should be replaced with engineered fill consisting of
MDOT Class II granular fill. Individual fill layers should not exceed 12 inches in loose
thickness and be compacted to a maximum of 90 percent of the maximum soil dry density based
on the Modified Proctor Test. We recommend compaction be achieved by tracking the material
with a bull dozer or making a minimal number of passes using a smooth drum static roller. In
cut areas we recommend keeping construction traffic to a minimum so not to compact the
underlying natural soils. If the silty clay layer found at boring location B1 is found to be
extensive, it may be possible to design this area to drain to adjacent basin areas. We recommend
that test pits be performed to evaluate the extent of this area.

The porous asphalt surface should be designed to have a maximum 4 percent slope while the
basin bottom should be designed to remain relatively flat with minimal sloping to allow for
optimum drainage of accumulated stormwater. Based on the grades observed at the Willard
Beach site, the underlying basin bottom will have to be benched using berms. Berms should be
designed with 2:1 sloped walls and a 3 foot wide crown as shown in figure /. If it is necessary to
use a slope greater than 4 percent it would be necessary to integrate non-porous and porous
pavements. If a system of combined porous and non-porous pavements will be used on the
project, SME should be contacted and given the opportunity to revise our recommendations

accordingly.
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Figure 1: Subgrade Benching

Once the designed elevations and benching are achieved, we recommend a layer of non-woven
geotextile fabric consisting of Propex {Amoco) 4550 be installed on the basin bottom and walls
allowing for 4 feet of overlap on the top of the basin. The geotextile fabric should be installed
according to the manufacturer’s instructions. However, care should be taken not to allow
construction equipment to come in direct contact with the geotextile fabric. The aggregate for
the reservoir coarse should consist of a well-graded crushed concrete or crushed natural
aggregate ranging from about 1 to 3 inches in size, with no more than 2 percent passing the No.
200 sieve. As stated previoushv, a source for the reservoir material should be determined prior
to the design of the prcyect 1o calculate the void space for design of the basin volume. The 1to 3
inch aggregate should be “end dumped” onto the site and pushed overtop of the geotextile fabric
layer with a bulldozer. The remaining 4 feet of geotextile fabric around the perimeter of the
basin should then be folded onto the top of the reservoir surface. A 2 inch “choker” layer of
well-graded 'z inch crushed aggregate with no more than 2 percent passing the No. 200 sieve
should be placed at the surface of the reservoir coarse to allow for construction of the porous
asphalt concrete section. All of the aggregate used on this project should be washed. Any
material passing the No. 200 sieve in excess of 2 percent will be detrimental to the permeability
of the basin bottom and reduce the porous pavement system life.
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Undercutting of impermeable soils, and replacement with engineered fill, may be required in
some areas in order to provide a permeable subgrade. Therefore, contingencies for these items
should be included in the project budget, and unit prices should be obtained from prospective
contractors. A qualified geotechnical/pavement engineer (SME) should determine undercuts
based on field conditions during construction.

Recommended Pavement Sections

The recommended pavement section was selected based on the information presented in the
previous sections of this report and our experience with low traffic volume pavements in the
area. The recommended pavement section is considered the minimum pavement section
required to carry the expected light traffic loading previously described. Based on our
understanding of the project, the asphalt contractor will be responsible for the design of the
porous asphalt mix design. However, we recommend the asphalt concrete mix design
incorporate a minimum of 6.0 percent polymer modified asphalt cement consisting of a
minimum PG 70-22P. The mix should also be designed with a minimum of 18 percent air voids.

These recommendations assume typical conditions during the June through September
construction season. Any substitution of materials or deviation from these stated assumptions
should be reviewed to assess potential impact on the recommended design.

The table presents the layer material and thickness recommendations for the porous asphalt
concrete sections:

STANDARD-DUTY
NEW PAVEMENT AREAS
RECOMMENDED MATERIALS AND LAYERS
LAYER MATERIAL THICKNESS (in.)
Bituminous Wearing Porous Asphalt 4.0
Choker Course 1/2 Inch Crushed Washed Stone 2.0
Reservoir Course 1 t0 3 Inch Crushed Washed Stone 42.0 (Minimum)

Construction activities should not be planned concurrent with the pavement reconstruction. The
asphalt concrete section is not designed to carry construction traffic without damage and
patching of porous pavements could be difficult, expensive, and aesthetically unappealing. We
recommend SME be contacted if concurrent construction activities are planned.

Inspection and Maintenance

Routine inspections during the service life of the pavement should be included in the project
budget. Inspections conducted during the first year of service should coincide with large storm
events to check for accumulated water on the pavement surface indicating possible clogging of
the asphalt surface. In the case of light to moderate clogging, the pavement surface should be
vacuum swept or pressure washed. If vacuum sweeping or pressure washing does not alleviate
the problem this may indicate a failure of the porous asphalt surface. As stated previously, silt
fencing should also be inspected and maintained until the green areas surrounding the porous
pavement area have fully redeveloped vegetation in order to minimize silting of the pavement

surface.
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Maintenance of the porous pavement system should consist of routine vacuuming of the
pavement surface (Minimum of two times vear) and reseeding of surrounding green areas to
maintain vegetation and minimize siliing of the pavement surface. If the park is open during the
winter months we do not recommend the use of salt or sand on the pavement surface. We
recommend the use of liquid de-icing agents with porous pavements. We also recommend the
use of appropriate signage to alert maintenance personnel of porous pavements. Crack sealing
and seal coating are detrimental to the design pavement life of a porous pavement system.

Engineered Fill Requirements

Any fill placed within pavement areas, including utility trench backfill, should be an approved
material, free of frozen soil. organics. or other deleterious materials. The fill should be spread in
level layers not exceeding 12 inches in loose thickness and be compacted to a maximum of 90
percent of the maximum dry density as determined in accordance with the Modified Proctor

Test.

Based on the information from the soil probes, the material classified as SP may meet the
requirements of MDOT Class II granular material and could be used as engineered fill in
undercuts performed to remove impermeable maters. Silty clay encountered in our soil probes
should not be used as engineered fill under the pavement system. This material should be
removed from the site or used in the green areas.

GENERAL COMMENTS

This letter report has been prepared in accordance with generally accepted geotechnical and
pavement engineering practices to assist in the design of this project. This letter report provides
recommendations regarding earthwork activities, engineered fill requirements, and pavement
recommendations based on the subsurface information collected during this evaluation. If the
project design criteria is changed, the conclusions and recommendations contained in this letter
report are considered invalid unless the changes are reviewed, and the conclusions of this report
are modified or approved in writing by our office.

The discussion and recommendations submitted in this letter are based upon the data obtained
from the three soil probes performed at the approximate locations indicated on the soil probe
location diagram. This report does not reflect variations, which may occur between or away
from the soil probes. The nature and extent of the variations may not become evident until
further geotechnical evaluation at the site is performed, or until the time of construction. If
significant variations then become evident, it may be necessary for us to reevaluate the
recommendations of this report.

In the process of obtaining and testing samples and preparing this report, procedures are
followed that represent reasonable and accepted practice in the field of soil and foundation
engineering. Specifically. field logs are prepared during the sampling operations that describe
field occurrences, sampling locations, and other information. Samples obtained in the field are
frequently subjected to additional testing and reclassification in the laboratory, and differences
may exist between the field logs and the final logs. The engineer preparing the report reviews
the field logs, laboratory classifications, and test data, and then prepares the final logs. Our
recommendations are based on the contents of the final logs and the information contained

therein.
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The site earthwork operations and pavement construction activities should be observed and
tested by SME. SME is well suited to verify subgrade soils are stable for placement of
engineered fill and pavements, and to verify the engineered fill is properly placed and
compacted.

This report and any future addenda or reports should be made available to bidders prior to
submitting their proposals and to the successful contractor and subcontractors for their
information only and to supply them with facts relative to the subsurface evaluation and
laboratory test results. Furthermore, the contractor should be prepared to handle environmental
conditions encountered at this site, which may affect the excavation, removal, or disposal of soil;
dewatering of excavations; and health and safety of workers. Any Environmental Assessment
reports prepared for this property should be made available for review by bidders and the
successful contractor.

The scope of our services does not include any environmental assessment of investigations for
the presence or absence of wetlands or hazardous or toxic materials in the soil, surface water,
groundwater or air, on or below around this site. We will be glad to provide these services if

requested.

We appreciate the opportunity to serve you during this phase of the project. If there are any
questions concerning this letter, or if we can be of further service, please contact us.

Very truly yours,
SOIL AND MATERIALS ENGINEERS, INC.

Tt JH—

J. Art Johnson, CET
Project Manager, Senior Consultant

Written By: Reviewed By:
Andrew P. Foster, EIT Starr D. Kohn, Ph.D., PE
Senior Engineer Vice President

Attachments: Important Information about your Geotechnical Engineering Report
Soil Probe Location Diagram
General Notes
Unified Soil Classification System (USCS)
Soil Probe Logs (B1 through B3)

Enclosure: Two Photocopies

TAPRONMNOG00\KP3002 1 K-LTR-1005¢5.DOC
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Important Information About Your

~— beotechnical Engineering Report —

Subsurface problems are a principal cause of construction deldys, cost cverruns, ¢'aims, and dispu

Geotechnical Services Are Performed for
Specific Purposes, Persons, and Projects
Geolschnical engineers structure their services lo meel the specific needs of
their clients. A gectechnical engineering siudy conduclted for a civil engi-
neer may not fulfill the needs of a construction contractor or even anciher
civil enginesr. Because each geolechnical engineering study is unigue, each
geotechnical engineering report is unique, prepared sofely for the client, No
one excapt you stouid rely on your geotechnical engineering report without
first confeuting with the geolechnical engineer who prepared it. And no one
— not even you — should apply the report for any purpase ot project
except the one onginally contemplated.

Read the Full Report

Serious problems have occurred because those relying on a geotechnical
enginegring repc dio not read it all. Do not rely on an execulive summary.
Do not reac selected elements only.

A Geotechnical Engineering Is Based on

A Unique 3et of Project Factors
Geotechnicat engineers consider a number of unique, profect-specific fac-
tors when establishing the scope of a sludy. Typical factors include: the
client's goals, objectives, and risk managemenl preferences; the general
natuse of the structure involved, its size, and conliguration; the locaion of
the structute on the site; and other planned or existing site improvements,
such as access roads, parking lots, and undergroung ulilities. Unless the
geotechnical engineer who conducted the study specitically indicates ath-
erwise, do nol rely on 3 geslechnical engineering report thal was:

s not prepared for you,

not prepared for your project,

not prepared for the specific site explored, or

completed befara important preject changes were made.

Tymical changes that can erade the reliability of an existing geatechnical

engineering repcr irclude those that affect:

* the function of the proposed struclure, as when it's changed from a
parking garage 1o an office building, or from a light industrial plant
o a refrigerated warehouse,

The foliowing information is provided to heip you manage your fisks.

foo
5.

o alavation, configuralion, location, orientation, or weignt of the
aroposed structure,
compesition of the design team, or
project ownershig.

As a general ruls, afways inform your geotechnical engingsr 3l project
changes—even miror ones—and request an assessment of their imgact.
Geotechnical enginegrs cannol accept responsibility or liztilly for problems
that cocur because thair reports do ot consider developirents of which
they were nol informed.

Subsuriace Conditions Can Change

A geotechnical engineering report is based on conditions that existed at
the time the study was perfermed. Do not refy on a geotechnical engeneer-
ing report whose adequacy may have been affected by: the passage
time; by man-made avents, such as construction on or acjacent o the site;
or by natural events, such as floods. sarihquakes, or groundwater frtua-
fions. Atways conlact the geotechnical engineer before applying the seport
1o determine if it is siill reliable. A minor amaount of additional tesling or
analysis could prevent major problems.

Most Geotachnical Findings Are Professional
Opinions

Sile expleration identifies subsurface conditions enly at thcse points where
subsurface tests are conducted or samples are taken, Geotechnical engi-
neers review field and laboratory data and then apply their prefessionai
judgment to sender an opinion aboist subsurface conditicns throughout the
site. Actual subsuriace conditions may differ—sometimes significantty—
from those indicated in your report. Retaining the geotechnica! engimeer
who developed your report to provide construction observation is the

most effeclive melned of managing the risks assaciated with unanticipated
conditions.

A Report's Recommerndations Are /ot Final

Do not overrely on the construclicn recomrmendations included in your
reporl. Those recommendations are nof final, because geclechnical engi-
negrs develop them principally froem judgment and opinion. Geatechnical
engineers can finalize their recornmendations only by ohserving achugl
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subsurface conditions revealed during construction. The geolechnical
enginesr who developed your report cannof assume responsibilily or
liability for the report's recommendations if that engineer does not perform
construction observation,

A ﬁgoteclmical_ﬂmineerinn Report Is Subject to
Misinterpretation

(Other design team members' misinterpretation of geolechnical engineering
reports has resulted in costly prablems. Lower that risk by having your gec-
technical engineer confer with appropriate members of the design feam after
submitting the report. Also refain your geotechnical engineer to review perti-
nent elements of the design team's plans and specifications. Conlractors can
also misinterpret a geotechnical engineering report. Reduce that risk by
having your geotechnical engineer participate in prebid and preconstruction
conferences, and by providing construction observation.

Do Net Redraw the Engineer's Logs

Geotechnical engineers prepare final boring and testing logs based upon
their interpretation of field logs and laboratory data. To prevent errors or
omissions, ihe logs included in a geotechnical engineering report should
never be redrawn for inclusion in architectural or other design drawings.
Only photographic or electronic reproduction is acceptable, duf recognize
that separating lags from the report can elevale risk.

Give Contractors a Compiete Report and
Guidance

Some owners and design professionals mistakenly believe they can make
contractors liable for unanticipated subsurface conditicns by limiting what
they provide for bid preparation. To help prevent costly problems, give con-
tractors the complete geotechnical engineering report, buf preface it with a
clearly written [efter of transmittal. [n that letter, advise contractors that the
report was not prepared for purposes of bid development and that the
report's accuracy is limited; encourage them to confer with the geotechnical
engineer who prepared the report (a modest fee may be requirad) and/or to
conduct additional study 1o obtain the specific types of information they
need or prefer. A prebid conference can also be valuable. Be sure contrac-
fors have sufficient Hime to perform additional study. CGnly then might you
be in a position to give contractors the best information available to you,
while requiring them to at least share some of the financial responsibilities
stemming from unanticipated conditions.

Read Responsihility Provisions Closely

Some clients, design professionals, and contractors do not recognize that
geotechnical enginesring is far less exact than other engineering disci-
plines. This lack of understanding has created unrealistic expectations that

N

have led to disappointments, claims, and disputes. To help reduce the risk
of such outcomes, geotechnical engineers commonly include a variety of
explanatory provisions in their reports. Sometimes labeled "limitations”
many of these provisions indicate where geotechnical engineers’ responsi-
bilities begin and end, io help athers recognize their awn responsibilities
and risks. Aead these provisions closely. Ask questions. Your geotechnical
engineer should respand fully and frankdy.

Geoenvironmental Concerns Are Not Goverell

The equipment, techniques, and personnel used to perform a geoenviron-
menial study differ significantly from those used to perform a geotechnical
study. For that reason, a geotechnical engineering report does not usually
relate any geosnvironmental findings, conclusions, or recommendations;
£.0., about the likelihood of encountering underground storage tanks or
requiated contaminants. Unanficipated environmenial problems have led
to numerous project failures. If you have not yet obtained your own geoen-
virgnmental information, ask your geotechnical consultant for risk marn-
agement guidance. Do not rely on an environmental report prepared for
someone efse.

Obtain Professional Assistance To Deal with Mold
Diverse strategies can be applied during building design, construction,
operation, and maintenance to prevent significant amounts of mold from
growing on indoor surfaces. To be effective, all such strategies should be
devised for the express purpose of mold prevention, integrated into a com-
prehensive plan, and executed with diligent oversight by a professionai
mold prevention consultant. Because just 2 small amount of water o
moisture can iead fo the development of severe mold infestations, a num-
ber of meld prevention strategies focus on keeping building surfaces dry.
While groundwater, water infiltration, and similar issues may have been
addressed as part of the geotechnical engineering study whose findings
are conveyed in-this report, the geotechnical engineer in charge of this
project is not & mold prevention consultant; none of the services per-
formed in connection with the geotechnical engineer’s study
were designed or conducted for the purpose of mold preven-
tion. Proper implementation of the recommendations conveyed
in this report will not of itself be sufficient io prevent mold from
growing in or on the structure involved.

Rely, on Your ASFE-Member Geotechncial
Engineer for Additional Assistance ‘
Membership in ASFE/The Best People on Earth exposes geotechnical
engineers to a wide array of risk management techniques that can be of
genuing benefit for everyane involved with a construction project. Gonter
with you ASFE-member geotechnical engineer for morg information.

/

ASFE

The Bos1 Poapie os Earih

8811 Colesville Road/Suite G106, Silver Spring, MD 20910

Telephone: 301/565-2733
e-mail: info@asfe.org

Facsimile; 301/589-2017

www asfe.org

Capyright 2004 by ASFE, inc. Duplication, reproduction, or copying of this docurment, in whole or ir part, by any means whatsoever, is strictly prohibitad, except with ASFE's
spacific written permission. Excerpting, quoting, or otherwise extracting wording from this document is parmilted only with the express written permission of ASFE, and only for
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NOTE:

DIAGRAM TAKEN FROM DRAWING PROVIDED TO SME BY
THE CITY OF BATTLE CREEK. LOCATIONS ARE BASED
ON FIELD MEASUREMENTS,
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general notes

soil and materials
engineers, inc.

Drilling and Sampling Svmbols

SS - Split-Spoon-1 3/8" [.D., 2" O.D. except where noted NR - No Recovery .
LS - Liner Sample RC - Rock Core with diamond bit. NX size, except where noted
RB - RockBit

AS - Power Auger Sample

ST - Shelby Tube-2" O.D,, except where noted
PS - Piston Sample-3" diameter

WS - Wash Sample

VS -  Vane Shear
PM -  Pressuremeter

HA - Hand Auger Sample GP - Geoprobe
BS - Bag or Boitle Sample PID - Photo Ionization Device
FID - Flame lonization Device

CS - Continuous Sampler

Standard Penetration 'N' - Blows per foot of a 140 pound hammer falling 30 inches on a 2 inch O.D. split spoon, except where noted (based on
ASTM D1586).

Particle Sizes Depositional Features
Boulders - Greater thas 12 inches (305 mm) Parting - as much as 1/16 inch (1.6 mum) thick
Cobbles - 3 inches (76.2 mm) to 12 inches (305 mm)} Seam - 1/16 inch (1.6 mm) to 1/2 inch (12.7 mm) thick
Gravel-Coarse -  3/4 inches (19.05 mm) 1o 3 inches (76.2 mm) Layer - 1/2 inch (12.7 mm) to 12 (305 mm) inch thick
Fine - No. 4 (4.75 mm) to 3/4 inches (19.05 mm} Stratum - greater than 12 inches (305 mm) thick
Sand-Coarse - No. 10 {2.00 mm) to No. 4 (4.75 mm) Pocket - small, erratic deposit of limited lateral extent
Medium - No. 40 (0.425 mm) to No. 10 (2.00 mmy} Lens - lenticular deposit
Fine - No. 200 (0.074 mmm) to No. 40 (0.425 mm) Varved - alternating seams or layers of silt and/or clay and
Silt - (0.005 mm) to (0.074 mm) sometimes fine sand
Clay - Less than (0.005 mm) Occasional - one or less per foot {305 mm) of thickness
Frequent - more than one per foot (305 mm) of thickness

Interbedded - applied to strata of soil or beds of rock lying berween
or alternating with other strata of a different nature

Groundwater levels indicated on the boring logs are the levels measured in the boring at times indicated. The accurate determination of groundwater
levels may not be passible with short term observations especially in low permeability soils. The groundwater levels shown may fluctuate throughout

the year with variation in precipitation, evaporation, and runoff.

Classification
Cohesionless Soils (Blows per foot or 0.3m) Cohesive Soils
Very Loose Oto 4 Consistency Shear Strength
Loose ; 519 Very Soft : 0.25 kips/ft" (12.0 kPa) or less
Medium Dense  : 10 to 29 Soft : 0.25 10 0.49 kips/R? (12.0 to 23.8 kPa)
Dense : 300 49 Medium : 0.50 10 0.99 kips/ft? (23.9 10 47.7 kPa)
Very Dense : 5010 80 Suff : 1.00 to 1.99 kips/f? (47.8 to 95.6 kPa)
Extremely Dense Over 80 Very Suff : 20010 3.99 kips/ﬂz (95.7 10 1913 kPa)
' Hard : 4.00 kips/fi’ (191.4 kPa) or greater
Soil Constituents Soil Description
: If clay content sufficiently dominates soil propertics, then clay becomes

Trace : Less than 5%
Trace to Some : 5% 10 12% the primary noun with the other major soif constituent as modifier : i.c. silty
clay. Other minor soil constituents may be added according o estimates of

Some : 12% to 25%
Use Descriptor 25% to 50% soil constituents present, i.e., silty clay, trace to some sand, trace gravel.
(ic., Silty, Clayey, etc.)
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Major divisions | sym- Typical names Laboratory classification criteria
Yy
bols
N E Well-graded gravels, gravel- o Dgo (030)2
212 =} GW | sand mixtures, little or no 2 21Cu==—"greater than 4; Cr::D-———D between 1 and 3
- o> o fines L@ & 10 10" “60
3 fo|lE < v o E
5 §2 Z’ 5 Poorly graded gravels, grave! ;3 &
3 w TS 3 2| GP [ -sand mixtures, iittle or no 23 T| Not meeting all gradation requirements for GW
SN EE © 3 fines = hd
Il ca L c o A®
=3 W s ££ = fAtterberg limits below "A
Y (G %f p= mg L d Silty gravels, gravel-sand- g s 8 '§ Above A" line with P
. E02 5 : n
" 2 £ ol P j silt mixtures £ 3 line or Pl less than 4
- oSl == E o
3 £ =Zlzo0 5 @ between 4 and 7 are
f; 2 2 5| 2‘-:-5 % S8 o % Atterberg limits above “A” dork wingl
2 3 bt %%3 GC Clayey gravels, gravel-sand- 2Eu 4 8_ 51 ine with P.l. greater than [POrderine cases requir
@ g @ 5"‘% clay mixtures 502 5—; 3 2 7 use of dual symbols
3 — — =@ - RS
&a; v @ B8 %9sS 2
3 - o ] Well-graded sands, gravelly |s g £ 2070 Oso (D3q)
7 Selg E| sw i . ©o& , 2= 2|cu=— greater than 6; Cc= between 1 and 3
2 3 o5l S sands, little or no fines c e (o 0. xD
O 2] ga18 2 535 10 10*Cs0
£ “>1c = - 2
- eajs 9 °ajg
2 g: 8 2| sp [Poorly graded sands, gravelly} © ;’ Not meeting all gradation requirements for SW
= B Sq = sands, litle or no fines |32 &
= c st ol =
c |®B=Z o Som .
g @ =5 §2§ - d Silty sands, 2 gg’ " & . |Atterterg limits below "A’] Limits plotting in hatched
) -z: - Ef u sand-silt mixtures 2 mg '-2 S . ine or Pl less than 4 ]zone with P.L between 4
o o @l= 00 c £ Q q = @ d 7 b li
= colz e £g8 2cw an are borderline
[ = = E c = Lt PR ap .
clw 2c E G o _ {Afterberg limits above “A L
gm g %g sc Clayey sands, s 8 2 = 2tine with P.. greater than cases requiring use of
s2s =E sand-clay mixtures 887 Y=o 7 dual symbols
Inorganic silts and very fine
- : : HART
—_ 3 ML sands, rock flour, silty or PLASTICITY C
z v c clayey fine sands or clayey | 60 1 I I I Y
% E‘ g silts with slight plasticity | For .c|assi[.icaﬁon -
o © Inorganic clays of low to —of fine-grained soils and
=] 2 @ medium plasticity, gravelly —-fine _fracnoq of coarse
N s 2 CL Clays, sandy clays, silty clays| 50-:--grglned solls, _Alterberg 7
o W = | Limits plotting in hatched [ 4
= 2 E lean clays . TH y
5 = . [ Hlassiiications requir Z
S ic silts and organic silt L s requirin
£ g oL [oranic sitts ¢ d % ag}— use of dual symbols. g L.
2 7 g clays of low plasticlty  [@  |— Equation of A-line:
3 2 = — [ PI=0.73(LL-20) i
o @ - - - = yd
2 E Inorganic silts, micaceous or [o 10 4
® @ 5 | MH | diatomaceous fine sandy or |g 2/
5 = o _8 ; . - P Y1 0OH and MH
o = 8 Ec silty soils, elastic silts 4
£ o T =d . . 4
- 3 o vt Inorganic clays of high 2
E = _5 3 GH plasticity, 1at clays CL ,/
- 5 5 1 VA
Organic clays of medium fo F—=A= -
< oy o M LR
2 OH high plasticity, organic silis 4 | _CyML “}' ML and OL
g v 0 l;) 5!0 60 70 80 90 100
S| 222 | ,, | Peatand other nighy 0 10 20 30 4
=~ ‘% g o organic soils Liquid Limit
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PROJECT NAME: BC MATLS TESTING SVS - WILLARD BEACH AJE:
PROJECT LOCATION: BATTLE CREEK, Mi BY: BDM/APF  DATE: 9/7/05 PROBE B1
CLIENT: CITY OF BATTLE CREEK PROJECT NUMBER: KP50021K SHEET: 1
PROFILE LEGEND
DESCRIPTION NATURAL DRY o TORVANE SHEARTEST |-
= - NCONFINED COMPRESSION TEST
2 DYNAMIC CONE (pch) % Smg sulgn.n TEST
o w PENETROMETER % REMOLDED VANE SHEAR
= w = E @ (BLOWS/E"} O 90 100 110 &  TRIAXIAL TEST
T~|0Z [T T _
F | € & | GROUND SURFACE |22 MOISTURE. % - & SHEAR STRENGTH (KSF)
wW| S ¥ | ELEVATION= =l 05 ATTERBERG +H— LIMITS
LL < d4=
ol BEZ|D® 10 20 30 40 50|0 10 20 30 __40(00 10 2.0 3.0 4.0 50
[ 4 Inches of Asphalt Concrete ; I i : 1 ‘ : ; : 3 E
Dhgess A i i i
:0: X Ei i } : ; : : ; : : i i
XK Fine to Coarse Sand- Trace i ‘ ; ; ! | ; : : | :
15K Gravel and Silt- Brown- Moist : : ; ; : : : : ' 3 ;
$XXN (SPIFill) R 3 i | | : : ;
KA : : : : : : . : :
LS ; ; : : : . : : :
3 XKL
LKA ; 1 ; T 1 ] : ! .
o%ete ‘ A : s ! ! : s e
| * v i
Silty Clay- Trace to Some Sand- :
6 - Trace Gravel Brown and Gray- ; ‘ : 1 ; ‘, 1 .‘ ; :
Very Stiff {CL) I P : s | i
| SN s v
o — —
1 Fine to Coarse Sand- Trace
Gravel and Silt- Gray- Moist (SP) : :
12 END OF PROBE AT 12 FEET.
15 — —
18 f f
21 5 5 3 | ; | | | ; : :
WATER LEVEL OBSERVATIONS Notes: 1. THE INDICATED STRATIFICATION LINES ARE APPROXIMATE. IN SITU, THE TRANSITION BETWEEN
X GROUNDWATER ENGOUNTERED DURING AUGERING MATERIALS MAY BE GRADUAL.
¥ GROUNDWATER ENCOUNTERED 2. GROUNDWATER WAS NOT ENCOUNTERED.

UPON COMPLETION OF AUGERING

WATER LEVEL DURING AUGERING: None WATERLEVEL HOURS AFTER COMPLETION:

WATER LEVEL UPON COMPLETION: None CAVE OF AUGERHOLE AT

DRILLER: APF
RIG: GP

DRILL METHOD: Geoprobe
BACKFILL METHOD: Cuttings
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PROJECT NAME: BC MATLS TESTING SVS - WILLARD BEACH AE:
PROJECT LOCATION: BATTLE CREEK, MI BY: BDM/APF  DATE: 9/7/05 PROBE B2
CLIENT: CITY OF BATTLE CREEK PROJECT NUMBER: KP50021K SHEET: 1
PROFILE LEGEND
NATURAL DRY 3 Ao PeNETROMETeR TesT
s - N O  UNCONFINED COMPRESSION TEST
2 DYNAMIC CONE (pch B VANE SHEAR TEST
u PENETROMETER % REMOLDED VANE SHEAR
S r_|Sg| (BLOWSE") O 80 100 110 ©  TRIAMIAL TEST
I~ 8 uZ| o3 MOISTURE, % -- 4
N ND SURF ik '
G| 201 ERvaTioNs - SH|82 ATTERBERG i LimiTs| OHEAR STRENGTH (KSF)
. < =
O=|wa GEZ|aa 10 20 30 40 5010 10 20 30 40100 10 2.0 3.0 40 590
0 Jrngeng J Inches of Asphalt Concrete : : : : : : : | | ; |
) Silty Clay- Some Sand- Trace
Gravel- Brown- Hard (CL) 45+
T ; : g 3 : ; 3 ; v
3- i i — —
6 i f — —
9 Fine to Coarse Sand- Trace 5 : :
Gravel and Silt- Brown- Moist : 5 : ; ; | ; ; :
(SP) e ; s : i 1 : ! 1
12 . é —— —
15 — — —
END OF PROBE AT 76 FEET. § ; § § | ; §
18- ; — — ;
94 : : | | i : | | : | .
WATER | EVEL ORSERVATIONS Notes: 1. THE INDICATED STRATIFICATION LINES ARE APPROXIMATE. IN SITU, THE TRANSITION BETWEEN
T GROUNDWATER ENCOUNTERED DURING AUGERING MATERIALS MAY BE GRADUAL.
Z GROUNDWATER ENCOUNTERED 2. GROUNDWATER WAS NOT ENCOUNTERED.

UPON COMPLETION OF AUGERING

DRILLER: APF

RIG:

GP

DRILL METHOD: Geoprobe
BACKFILL METHOD: Cuttings

WATER LEVEL DURING AUGERING: None WATER LEVEL

HOURS AFTER COMPLETION:

WATER LEVEL UPON COMPLETION: None CAVE OF AUGERHOLE AT
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PRCJECT NAME: BC MATLS TESTING SVS - WILLARD BEACH AJE:

PROJECT LOCATION: BATTLE CREEK, Mi BY: BDM/APF  DATE: 9/7/05 PROBE B3
CLIENT: CITY OF BATTLE CREEK PROJECT NUMBER: KP50021K SHEET: 1
PROFILE . LEGEND
NATURAL DY g MANmreEmoterss et
2 N - NCONFINED COMPRESSION TEST
2 DYNAMIC CONE {pch) O UANONTED CoM
o i PENETROMETER X REMOLDED VANE SHEAR
Sw t o § 8 (BLOWSJ’G“) O 90 100 110 ©  TRIAXIAL TEST
I—~|8¢E Wl g5 MOISTURE, % -
ELloL UND SURFACE 7z |22 . % KSF
B 20| Sy SURFAC SH 32 ATTERBERG —i LmiTs| OrEAR STRENGTH (KSF)
[ < i
o=lwa AE|@am 10 20 30 40 5010 10 20 30 40/00 1.0 2.0 3.0 40 50
0 pz=x2d 3 Inches of Asphait Concrete 3 : 3 | : ; 3 | : : |
3 — — ; —
Fine to Coarse Sand- Trace
6 Gravel and Silt- Brown- Moist 3 ; ; 3 : 5 3 ‘ ; ; ‘
(SP} i : : 3 : 3 : :
9+ 1 i — —
12 END OF PROBE AT T2 FEET. T — : : 3 3
15 i i — —
181 .-‘ | ——
21 : : : : : : : : ; : !
WATER LEVEL OBSERVATIONS Notes: 1. THE INDICATED STRATIFICATION LINES ARE APPROXIMATE. IN SITU, THE TRANSITION BETWEEN
Z GROUNDWATER ENCOUNTERED DURING AUGERING MATERIALS MAY BE GRADUAL.
£ GROUNDWATER ENCOLNTERED 2. GROUNDWATER WAS NOT ENCOUNTERED.
UPON COMPLETION OF AUGERING
DRILLER: APF DRILL METHOD: Geoprobe WATER LEVEL DURING AUGERING: None WATERLEVEL HOURS AFTER COMPLETION:

RIG: GP BACKFILL METHOD: Cuttings WATER LEVEL UPON COMPLETION: None CAVE OF AUGERHOLE AT




