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Chapter 1. Introduction

The purpose of this handbook is to provide Geotechnical Engineers with estaptistedlures
for performing geotechnicadctivitiesfor theFloridaDepartment off ransportation.Specifically,
this handbookdefines the tasksinvolved in performing a subsurface investigation and the
geotechnical aspects of the design and construction of roadways and roadway structures.

As eachproject presentsunique considerationsand requiresengineeringudgment based on a

thorough knowledge of the individual situation, the scope of services in the contract for each
project supersedes the minimum scope of work outlined in this handbbelkscopeof services
dictateghespecificpracticesvhich areto beusedon a particular projectAdditionally, the scope
defines the required interaction between the
performing the geotechnical work.

The design and construction of a roadway and related structures is a complex ops@iiory

the participationof many departmentunits and outside agencies. The keyto the successful
completionof theprojectis communication .t is essentiathatgood communicatiorgoordination
andinteractionexistbetweerthe GeotechnicaEngineerand these other units and agenci€éiis

interaction should continue throughout all project phasessurea reliable and costeffective

designandminimize constructiorproblems.

This handbook is designed to present information in the same sequence, as it would occur during
project development for a desipid-construct project.A general outline of the tasks, which
should be performed by a Geotechnical Engineer during a prgetipwnin Sectionsl1.1.1

through 1.1.4 The details of thesetasksare discussed andmplified in subsequenthapters.
Chapter 11discusseshe procesdor adesignbuild project. A general outline of the task#)ich

should be performed by a Geotechnical Engineer for a désidph project, is shown isections
11.1through11.3

Finally, it should be noted that this is not intended as amnalbmpassing or comprehensive
procedural handbookMethods of subsurface investigation and of analyzing data and solving
problems are not discussed in detail. The lists of referencesaidbkeachchaptearebutafew

of the many sourcesof information that will provide the engineer with greater insight into
investigation procedures and analysis and problem sdiaimgiquesClarificationregardinghe
content of this Handbookis available from the District Geotechnical Engineer, the State
Geotechnical Materials Engineer in Gainesville, and the State Geotechnical Enigineer
Tallahassee.

1.1  GeotechnicalTasksin Typical Highway Projects

1.1.1 Planning, Development,and Engineering Phase
A Prepargyeotechnicascopeof servicedor consultanprojects.

Assistin corridorandrouteselection.
Reviewexistinginformation.
ReviewthePublicSoil Boring Viewer (fdot.gov)for previousboringsin the area.

Performfield reconnaissanaef siteandexistingstructures.

o o Io Do Do

Planandsupervisdield investigationprogramfield andlaboratorytesting.


https://gis.fdot.gov/Public_Soil_Boring_Viewer/

o Do

Analyzeall dataavailable.

Prepare preliminary geotechnical report summarizing available data and
providing recommendations.

Identify potential needsfor the designinvestigationto addressconstruction
requirements and anticipate problems (high groundwater ispoefgrming
requirements, vibration and noise impacts).

1.1.2 Project DesignPhase

A

To o

Perform additional field investigationsand provide additional or revised
recommendations if called for in geotechnical report or if project has
substantially changed since earlier investigations.

Assist the roadway and structural engineersin interpreting and applying
geotechnical recommendations to design and special provisions and/or
supplemental specifications.

Designandif applicableperformload testprogramsor special instrumentation
monitoring as deemed necessary.

Reviewplans,specialprovisionsand/orsupplementadpecifications.

Identify constructioractivitiesandtechniques$o minimizepotential construction
requirementsand problems (preforming requirements, vibration and noise
impacts).

1.1.3 Construction Phase

A
A

A

A

Establishconstructiorcriteriafor geotechnicabortionsof project.

Inspect construction proceduresto assure compliance with design and
specifications.

Design, install, perform, monitor, and evaluate load test programs and/or
instrumentation systems.

Solveunforeseeffioundationand/orroadwaysoils problems.

1.1.4 PostConstruction Phase

A

A

A

Assess and provide solutions to roadway and structure maintenance problems,
whicharerelatedto thegeotechnicatharacteristicsf thesite.

Summarizeconstructiorproceduresnd/orproblemsandany changesn design
made during construction.

Provideinformationto StateGeotechnicdiiles for referencaluringthe design of
future projects.



Chapter 2: Subsurfacelnvestigation Procedures

Because of the varying complexity of projects and soil conditions, it is very ditiicestablisha

rigid formatto befollowedin conductingeachandeverysubsurface investigatiohpwever there
arebasicstepsthatshouldbeconsideredor anyproject. By outlining and describing these steps,

it will be possible to standardize procedures and considerably reduce time and expense often
required to go back and obtain information not supplied by the initial investigation.

The basic steps are summarized in this and subsequent chapteis chapter, review of existing
data is discussed, as well as commonly used methods for performing field explofatimiedines
for minimum investigations for various types of projects aesentedn Chapter 3field and
laboratorytestmethodsarediscussedh Chapter &andChapter Srespectively Refer also to ASTM
D5434.

2.1 Reviewof Project Requirements

The first stepin performinga subsurfacanvestigationis a thoroughreview of the
project requirementdt is necessary that the information available to the Geotechnical
Engineer includethe project location, alignment, structure locations, structure loads,
approximate bridge span lengths and pier locations, and cut and flbea&ans.The
GeotechnicaEngineershouldhaveaccesgo typical section,plan and profile sheets,

and cross sections with a template for the proposed roadway showing cuts and fills.
This information aids the Geotechnical Engineer in planning the investigation and
minimizes expensive and tir@nsuming backtracking.

2.2 Reviewof Available Data

After gaining a thorough understanding of the project requirements, the Geotechnical
Engineeshouldcollectall relevantavailableinformationontheproject site.Review of

this information can aid the engineer in understanding the geology, geography and
topography of the area and assist him in laying out the field explorations and locating
potential problems.Contact the District Geotechnical Enginder assistancean
obtaining sourcesof this availabledata. Existing datamay be available from the
following sources:

2.2.1 Topographic Maps
Thesemapsarepreparedy theU.S.GeologicalSurvey(USGS)andtheU.S. Coast
and Geodetic Survey (USCGS) and are readily availdliley are sometimedso
preparemnalargerscaleby theDepartmenturingearlyplanning phases of a
project. These maps portray physical features, configuration and elewétios
groundsurfaceandsurfacewaterfeaturesThis datais valuablein determining
accessibility for field equipment and possible problem areas.

2.2.2 Aerial Photographs

Thesephotographsareavailablefrom the DepartmenandothersourcesThey are
valuable in that they can provide the basis for reconnaissance and, dejperideng
ageof thephotographsshowmanmadestructuresexcavations, or fills that affect
accessibility and the planned depth of exploratidistorical photographsanalso
helpdeterminghereasonsnd/orpotentialof generakcour and sinkhole activity.



2.3

2.2.3 GeologicalMaps and Reports

Considerableinformation on the geological conditions of an areacan often be
obtainedfrom geologicalmapsandreports. Thesereportsandmapsoftenshow the
location and relative position of the different geological strata and present
information on the characteristics of the different strafais data can be used
directly to evaluate the rock conditions to be expected and indirectly to estimate
possible soil conditions since the parent material is one of the factors controlling soil
types. Geological maps and reports can be obtained from the USGS, Florida
Geological Survey, university libraries, and other sources.

2.2.4 Natural ResourcesConservationServiceSurveys

ThesesurveysarecompiledbytheU.S.Departmenof Agricultureusually in the form

of county soils mapsThese surveys can provide valuable data on shalloface

soils including mineralogicalcomposition,grain size distribution, depth to rock,
water table information, drainage characteristics, geologic origin, and the presence
of organic deposits.

2.2.5 Potentiometric SurfaceMap

The potentiometricsurface elevation shown on the map (see Figure 2-1) can
supplementindbe correlatedwith whatwasfoundin thefield by the drillers. The
Potentiometric Surface map can be obtained from the local Water Management
District office.

2.2.6 Adjacent Projects

Data may be available on nearby projects from the Department, or county or city
governmentsReview thePublic Soil Boring Viewefor previous borings in the area,
however, when using this data please note that whdyotireggswereperformedihe
boring location may be more approximatethanis requiredfor boringsperformed
today.The Departmenmayhaveasbuilt drawings and pile driving records for the
final structure.This data is extremely useful in setting preliminary boring locations
and depths and in predicting problem ar&&aintenance records for existing nearby
roadways and structures may provide additional insight into the subsurface
conditions. For example, indications of differentiabttlementor slope stability
problemsmay provide the engineerwith valuable information on the lortgrm
characteristics of the site.

Field Reconnaissance

Following review of the existing data, the GeotechnicalEngineershould visit the
project site. This will enable the engineer to gain fitsind knowledge of field
conditions and correlate this information with previous datae form included as
Figure2-2 indicateshetypeof informationtheengineeshouldlook for. In particular,
the following should be noted during the field reconnaissance:

1. Nearby structures should be inspected to ascertain their foundation performance
and potential to damage from vibration or settlement from foundation installation.
Al so, the structureds usages must be
installation may have (i.e. a surgical unit, printing company, etc.).

2. On water crossings, banks should be inspected for scour and the streambed

4

(0]


https://gis.fdot.gov/Public_Soil_Boring_Viewer/

inspected for evidence of soil deposits not previously indicated.

3. Note any feature that may affect the boring program, such as accessibility,
structures, overhead utilities, signs of buried utilities, or property restrictions.

4. Note any feature that may assist in the engineering analysis, such as the angle of
any existing slopes and the stability of any open excavations or trenches.

5. Any drainage features, including signs of seasonal water tables.
6. Any features that may need additional borings or probing such as muck pockets.

Field Exploration Methods

Assumingaccessandultility clearancetavebeenobtainedandasurveybase line has

been established in the field, field explorations are begun based on the information
gained during the previous stepdany methods of field exploration exist; some of the
more common are described beloWhese methods are often augmented bgitun
testing (se€hapter 4.

2.4.1 TestPits and Trenches

These are the simplest methods of inspecting subsurface $tis; consist of
excavations performed by hand, backhoe, or doHand excavations are often
performed with posthole diggers or hand augers. They offer the advaotagesd
andreadyaccesdor sampling. Theyareseverelynhampered byimitationsof depth
andby thefacttheycannotbe usedin softor loosesoilsor below the water tabldn
Florida their use is generally limited to borrow pits.

2.4.2 Boreholes

Boringsareprobablythemostcommommethodof exploration. Theycan beadvanced
usinganumberof methodsasdescribedelow. Uponcompletion, all borings should
be backfilled in accordance with applicable Department of Environnferatdction
andWaterManagemenbDistrictregulationsIn manycaseshiswill requirefull depth
grouting.

2.4.2.1 Auger Borings

Rotating an auger while simultaneously advancing it into the ground; the
auger is advanced to the desired depth and then withdr@amples of
cuttingscanbe removedfrom the auger;however the depthof the sample

can only be approximatedhese samples are disturbed and should be used
only for material identificationThis method is used to establish soil strata
and water table elevations, or to advance to the desired stratum before
Standard Penetratioresting(SPT)or undisturbedsamplingis performed.
However it may not be effective in very soft or loose soils below the water
table without casing or drilling mud to hold the hole op&ee ASTM
D1452.

2.4.2.2 Hollow-StemAuger Borings

A hollow-stemaugerconsistsof a continuousflight augersurrounding a
hollow drill stem. The hollowstem auger is advanced similar to other
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augers; however, removal of the hollow stem auger is not necessary for
sampling. SPT andundisturbedsamplesare obtainedthroughthe hollow

drill stem, which acts like a casing to hold the hole opEnis increases
usage of hollowstem augers in soft and loose soflee ASTM B151.

2.4.2.3 WashBorings

In this method, the boring is advanced by a combination of the chopping
action of a light bit and the jetting action of water flowing throughbihe
This methodof advancingthe boreholeis usedonly when precisesoill
information is not required between sample intervals.

2.4.2.4 Coring

A core barrelis advancedhroughrock by the applicationof downward
pressure during rotationCirculating water removes grounug material
from the hole while also cooling the bithe rate of advance is controlled
SO as to obtain the maximum possible core recov@sfer t02.4.5.5for
details.

2.4.3 Soundings

A sounding is a method of exploration in which either static or dynamicitused

to causearodtippedwith atestingdeviceto penetratesoils. Samples are not usually
obtained.The depth to rock can easily be deduced from the resistance to penetration.
The resistance to penetration can be measured and correlated to various soll
properties.SeeChapter 4or details of the conpenetrometer.

2.4.4 GeophysicalMethods

Theseare nondestructiveexploratorymethodsin which no samplescanbe taken.
Geophysical methods can provide information on the general subsurface profile, the
depth to bedrock, depth to groundwater, and the location of grdrarawareas,
peatdepositspr subsurfacanomalies Resultcanbesignificantly affected by many
factors however, including the presence of groundwater, iImmmogeneity of soil
stratum thickness, and the range of wave velocities within a particular stratum.
addition, all surface geophysical methods are inherently limited by decreasing
resolution withdepth.For this reason, geophysical explorations should always be
accompanied by conventional borings and an experigroéessionamustinterpret
results.(SeeASTM D6429andUS Army Corpsof Engineers€EngineeringManual
EM-11101-1802 Geophysicamethods commonly used for engineering purposes
include:

2.4.4.1 SeismicRefraction and Reflection

These methods rely on the fact that shock waves travel through different
materials at different velocitiesThe times required for an induced shock
wave to travel to set detectors after being refracted or reflected by the
varioussubsurfacenaterialsaremeasuredThisdatais thenusedointerpret
material types and thickness. Seismic refraction is limited to material
stratifications in which velocities increase with depffor the seismic
refraction method, refer to ASTM3J77. Seismic investigations can be
performedfrom the surfaceor from various depthswithin borings. For
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2442

2.4.4.3

cross hole seismic technigues, see ASTM428.
Resistivity

This method is based on the differences in electrical conductivity between
subsurface stratan electric current is passed through the ground
betweerelectrodesndtheresistivityof thesubsurfacenaterialds

measured and correlated to material tyffgsveral electrode arrangements
have been developed, with the Wenner (4 equally spaced electrodes) being
the most commonly used in the United Stafesfer to ASTM G7 and

D6431.

Ground PenetratingRadar (GPR)

The velocity of electromagnetic radiation is dependent upon the material
through which it is traveling. GPR usesthis principle to analyzethe
reflections of radar signals transmitted into the ground by a low frequency
antennaSignalsarecontinuousltransmittecandreceivedastheantennas

towed across the area of interest, thus providing a profile of the subsurface
material interfaces.

Penetrationis commonlyon the orderof 3 to 30 ft. GPRis limited by the
contrast in the properties of adjacent material. In addition to having
sufficientvelocity contrasttheboundarpbetweerthetwo materialsneedgo
besharp Forinstanceit is moredifficult to seeawatertablein fine-grained
materials than in coarsgrained materials because of the different relative
thicknessesf thecapillaryfringe for thesamecontrastSeeASTM D6432.

2.4.5 Soil Sampling

Common methods of sampling during field explorations include those listed..
All sampleshouldbeproperlypreserveandcarefullytransportedo thelaboratory
suchthatsamplepropertiesandintegrity aremaintained.See ASTM D4220.

2451

2.45.2

BagBulk Samples

These are disturbed samples obtained from auger cuttings or test pits. The
guantityof thesampledepend®nthetypeof testingto beperformedut can

range up to 50 b or more. Testing performed on these samples includes
classification, moisturglensity, Limerock Bearing Ratio (LBR), and
corrosivity tests. A portion of each sample should be placed in a sealed
container for moisture content determination.

Split-Barrel

Also knownasasplit-spoonsamplethismethods usedn conjunction with

the Standard Penetration Test (€&®apter 4. The sampler is a-ich
(O.D.) split barrel which is driven into the soil with a 3@g@und hammer
dropped30inches. After it hasbeendriven 18 inches,it is withdrawnand

the sample removed.he sample should be immediately examined, logged
and placed in sample jar for storagéhese are disturbed samples and are
not suitable for strength or consolidation testiridhey are adequate for
moisture content, gradation, and Atterberg Limits tests, and valuable for
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2.4.5.3

2454

visual identification.See ASTM [1586.
ShelbyTube

This is thinwalled steel tube, usually 3 inches (O.D.) by 30 inches in length.
It is pushedinto the soil with a relatively rapid, smoothstroke and then
retracted. This produces a relatively undisturbed sample provided the
Shelby tube ends are sealed immediately upon withdrawal. Refer to ASTM
D1587 (AASHTO T 207).

This sample is suitable for strength and consolidation t&siis. sampling
method is unsuitable for hard materiaBood samples must have sufficient
cohesiorto remainin thetubeduringwithdrawal. Referto ASTM D1587
(AASHTO T 207).

Whenmaterialsaretoo weakto beretainedby a Shelbytube,a piston type
of sampler should be used.

Piston Samplers

24541 Stationary

This samplehasthe samestandardlimensionsasthe ShelbyTube,
above. A pistonis positionedat the bottom of the thin-wall tube
while the sampler is lowered to the bottom of the hole, thus
preventing disturbed materials from entering the tdlie piston is
locked in place on top of the soil to be sampléd.sample is
obtained by pressing the tube into the wadih acontinuoussteady
thrust. Thestationarypistonis heldfixed on top of the soil while the
sampling tube is advancedhis createsuctionwhile thesampling
tubeis retrievedthusaidingin retention of the sampl&his sampler

is suitable for soft to firm clayssilts and organicsSamples are
generally less disturbed and have a better recovery ratio than those
from the Shelby Tube method.

24542 Floating

This sampler is similar to the stationary method above, except that
the piston is not fixed in position but is free to ride on the top of the
sample. The soils being sampledmust have adequatestrengthto
causethe pistonto remainat a fixed depthasthe samplingtubeis
pusheddownward. Ifthe soil is too weak, the pistonwill tendto

move downwardwith the tube anda samplewill not be obtained.

This methodshouldthereforebe limited to stiff or hard cohesive
materials.

24543 Retractable

This sampler is similar to the stationary sampler, however, after
lowering the sampler into position the piston is retracted and locked
in placeatthetop of thesamplingtube.A samplds thenobtainedby
pushing theentire assemblydownward. This sampleris usedfor
looseor softsoils.
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24544 Hydraulic (Osterberg)

2.4.5.5

In this sampler, a movable piston is attached to the top of-anthih

tube. Sampling is accomplished as hydraulic pressure pushes the
movable piston downward until it contactsa stationary piston
positionedat the top of the soil sampl&he distance over which the
sampler is pushed is fixed; it cannot be epeshed.This sampler

is used for very soft to firm cohesive and organic soils.

Rock Core Sampling

Rock cores shall be obtained in accordance with ASTM 13 Standard
Practice for Diamond Core Drilling for Site Excavation using a double or
triple wall core barrel equipped with diamond or tungstarbide tipped
bits. There are three basic types of core barr8isgle tube, double tube,
andtriple tube. Singletube core barrelsgenerallyprovide poor recovery
rates in Florida limestone and their use is not allow2duble tube core
barrels for 2.4nch cores generally provide lesser quality samples than
triple tube barrels, and shall only be used for core samples larger than 3.5
inches.Triple tubecorebarrelsarerequiredfor coresamplesmallerthan
3.5inches andare describedbelow. (Note: face dischargebits generally
provide better return in Florida limestone)Refer to ASTM 079 for
practices of preserving and transporting rock core samples.

24551 Double Tube Core Batrrel

This corebarrel consistsof inner and outertubesequippedwith a
diamond or tungstenarbide drill bit. As coring progresses, fluid is
introduceddownwardbetweertheinnerandoutertubesto cool the

bit and towashgroundup materialto the surface. Theinnertube
protectghecore from the highly erosive action of the drilling fluid.

In a rigid type core barrel, both the inner and outer tubes rdtate.

a swivel type, the inner tube remains stationary while the outer tube
rotates. Several series of swivel type core barrels are available.
Barrel sizes vary from EWG or EWM (0.84kch to 6inch I.D.).

The larger diameter barrels are used in highly erodible materials,
such as Florida limestone, to generally obtain better core recovery.
The minimum core barrel to be used shall be HW-{@&ch 1.D.),

and it is recommended usingirth 1.D. core barrels to better
evaluate the Florida limestone properties.

2.455.2 Triple Tube Core Barrel

Similar to the doubletube,above,but hasan additionalinnerliner,
consisting of either a clear plastic solid tube or a thin metal split
tube, in which the core is retained:his barrel best preserves
fractured and poor quality rock cores.
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Figure 2-1: Potentiometric Surfac®lap of theUpperFloridan Aquifer

HILLSBOROUGH -

Note: Above figure is an excerpt frahe potentiometricigface of thaupper Floridan aquifer in
the StJohns River Water Management District and Vicinity, Florida, May 2009

Source:USGS.gov
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STATE OF ALOMIDA DEPARTMENT OF TRANSPORTATION

FORM 67502018

FIELD RECONNAISSANCE REPORT e
FIN PROJ= OLD STATE PROJECT NUMBER: COUNTY:
REPORTED BY: DATE

1. STATIONING |s. FOUNDATIONS (CONTINUED)

(O WELL MARKED IF WATER CROSSING:

(O POORLY MARKED (WE CAN WORK) WILL BARGE BE NECESSARY:

(O POORLY MARKED (WE MUST REMARK) EASILY PLACED IN WATER:

(O REQUEST TO REMARK FURRENT ©) SWIFT ) MODERATE () SLOW
2. BENCHMARKS IF PRESENT BRIDGE NEARBY, WHAT TYPE OF FOUNDATION:
IN PLACE: O ves O nNo
DISTANCE FROM WORKSITE : ANY PROBLEMS EVIDENT IN OLD BRIDGE (DESCRIBE ON

BACK)
A ETOPIIEY Ovamne IS WATER SUPPLY NEARBY:
GRANTED PERMISSION: O YES (O NO
REMARKS ON BACK 9. GROUND WATER TABLE DEPTH:
4. UTILITIES
WILL DRILLERS ENCOUNTER UNDERGROUND UTILITIES?
O Yes O NO PRESENT WATER LOCATION:
AT WHICH AREA?
WHAT TYPE?
10. CAPROCK
BOULDERS OVER AREA? O YEs O NO
5. SURFACE SOILS DEFINITE OUTCROP? Q Yes O NO
() SAND O cLay (O SANDY CLAY (SHOW SKETCH ON BACK) WHAT KIND?
O st O muck (O OTHER
6. GENERAL SITE DESCRIPTION 11. SPECIAL EQUIPMENT NECESSARY

O LEVEL O ROLLING ) HILLSIDE
O VALLEY O swawe O GULLIED
GROUND COVER
() CLEARER ) FARMED (O BUILDINGS

O HeEavywoops O LUGHTWOoODS (O OTHER
REMARKS ON BACK
7. SOIL SURVEY
LENGTH

() DRILL RIG (WHEELED)
() DRILL RIG (WHEELED ATV)
(O DRILL RIG (TRACK)

8. FOUNDATIONS
REPLACING:

WIDENING:

RELOCATION:

() DRILL RIG (TRUCK MOUNTED)
(O DRILL RIG (WHEELED ATV)

(O DRILL RIG (TRACK)

O SKIDRIG

(O WATER TRUCK

(O SAND PUMP

12. REMARKS ON ACCESS
DESCRIBE ANY PROBLEMS ON ACCESS

13. DEBRIS AND SANITARY DUMPS
LOCATION:
REMARKS:

RECYCLED PPN ﬁ

Figure 2-2: Field Reconnaissance Report
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2.5

2.6
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Specificationsand Standards

Subject ASTM [ AASHTO

Standard Practice for Soil Investigation and Sampling by
Auger Borings

D1452 -

Standard Test Method for Penetration Test and-8plitel
Sampling of Soils

D1586 T 206

Standard Practice for Thiwalled Tube Sampling of Soils
for Geotechnical Purposes

D1587 T 207

Standard Practice for Diamond Core Drilling for Site
Investigation

D2113 T 225

Standard Practices for Preserving and Transporting Saoll
Samples

D4220 -

Standard Test Methods for Crosshole Seismic Testing | D4428 -

Standard Practices for Preserving and Transporting Ro(

Core Samples D5079 )
Standard Guide for Field Logging of Subsurface D5434 i
Explorations of Soil and Rock

Standard Guide for Using the Seismic Refraction Metho D5777 i

for Subsurface Investigation
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Subject ASTM | AASHTO
Standard Practice for Using Holle8tem Augers for D6151 i
Geotechnical Exploration and Soil Sampling
Standard Test Method for Field Measurement of Soil G57 i
Resistivity Using the Wenner Fotlectrode Method
Standard Guide for Selecting Surface Geophysical Methj D6429 -
Standard Guide for Using the Direct Current Resistivity D6431

Method for Subsurface Investigation
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Chapter 3. Subsurfacelnvestigation Guidelinesfor Highwaysand Related
Structures

A subsurface investigation should be performed at the site of all new stsiatoaeway
constructionwidenings,extensionstrails andrehabilitationlocationsasdirected by the District
Geotechnical Engineer or project scope.

This chaptempresentguidelinesto plana subsurfacenvestigationprogram. As the requirements
will vary with the project conditions, engineering judgment is essential in tailoring the
investigation to the specific project.

Theamountsaandtypesof dataobtainedduringa subsurfacénvestigationareoften constrainetly
limitations of time, manpower,equipment,access,or funds. However, as a minimum, the
investigatiorshouldprovidesufficientdatafor the GeotechnicaEngineetto recommend the most
efficient design.Without sufficient data, the engineer must rely on conservative designs, which
may cost considerably more than an extended explonatomram.

A comprehensive subsurface investigation program might include both conventional borings and
other specialized field investigatory or testing methodéile existing data can provide some
preliminary indication of the necessary extent of exploration, more often it will be impossible to
finalize the investigation plan until some fialdtais available. Therefore closecommunication
betweertheengineeanddriller is essentialTheresultsof preliminaryboringsshouldbereviewed
assoonaspossiblesothat additional borings and isitu testing, if necessary, can be performed
without remobilization and with a minimum loss of time.

Modification for NonConventional Projects:

Delete the first paragraph and insert the following:

A subsurface investigation should be performed at the site of all new structure, ro
construction, widenings, extensions, trails and rehabilitation locations as outlined
except as otherwise described in the RFP.

3.1 GeneralRequirements

The extent of the exploration will vary considerably with the nature of the project.
However thefollowing standardgapplyto all investigationprogramsor as appropriate
for the specific project and agreed upon by the District Geoteclingaheer:

Modification for NonConventional Projects:

Delete the previous paragraph and insert the following:
The following general standards apply as outlined herein to all investigation
programs, except as otherwise described in the RFP:

1. Preliminaryexplorationdepthsshouldbeestimatedrom dataobtainedduring field
reconnaissance, existing data, local geology and local experidimeborings
should penetrate unsuitable founding materials (organic soils, soft clays, loose
sands, etc.) and terminate in competent mateGalmpetent materials are those
suitable for support of the foundations being considered.

2. All boringsshallbe extendedelowtheestimatedscourdepths.
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3.2

3. Eachboring,sounding andtestpit shouldbegivenauniqueidentification number
for easy reference.

4. Thehorizontalandverticallocationshallbe determinedor eachboring, sounding,
and test pit as follows:

Offshore borings should be referenced to mean sea level with the aid ajautise
(Note:Therearetwo verticaldatumsTheyarethe1929datum and the 1988 datum,;
ensure that the proper one is being referenced.)

5. Locate bridge borings by survey. For locating the Longitude and Latitude
coordinatesof roadway, pond and miscellaneousstructure borings, and the
boundaries of muck probe areas, use survey methods or a field Global Positioning
System(GPS)unitwithama n u f a catedaccaraciwfst10 feet.

6. A sufficientnumberof samplessuitablefor thetypesof testingintended, should be
obtained within each layer of material.

7. Water table observationwithin eachboring or test pit should be recordedafter
sufficienttime (typically 24 hours)haselapsedor thewatertableto stabilize. Other
groundwater observations (signs of seasonal high, artesian pressure, etc.) should
also be recorded.

8. Unlessservingasanobservatiorwell, eachborehole sounding andtestpit should
be backfilled or grouted according to applicable environmental guidelines. Refer to
Reference 6.

Guidelinesfor Minimum Explorations

Following is a description of the recommended minimum explorations for various
types of projectslt is stressed that these guidelines represent the minimum ektent
explorationandtestinganticipatedor mostprojectsandmustbeadaptedo the specific
requirements of each individual proje@te District Geotechnic&ngineer should be
consulted for assistance in determining the requirements of a specific project.
Coordinate the assessment of soil variability and the need for incrbased
frequencywith the District GeotechnicaEngineer. Additionally, the Engineer should
verify that the Federal Highway Administration (FHWA) minimum criteria are met.
Refer to Reference 3.

It is noted that the guidelines below consider the use of conventional borings only.
While this is the most common type of exploration, the Engineer may deem it
appropriateonindividual projectsto includesoundingstestpits, geophysicaimethods,

or in situ testing as supplementary explorations or as substitutes for some, but not all,
of the conventional borings noted in the following sections.

Modification for NorConventional Projects:

Delete the first sentence and insert the following:
The following are the minimum explorations for various types of projects, exc
as otherwise described in the RFP:
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3.2.1 RoadwaySoil Surveysand Rails to Trails/Multi -useTrail Projects

Soil surveyexplorationsare madealongthe proposedroadwayalignment forthe
purposeof defining subsurfacenaterials. This informationis usedin the design of
the pavement section, as well as in defining the limits of unsuitable maaeiaisy
remedialmeasure$o betaken. Soil surveyinformationis also used in predicting the
probable stability of cut or fill slopes.

Minimum criteria for soil surveys vary substantially, depending on the location
theproposedoadway theanticipatedsubsurfacenaterialsandthetype of roadway.

The following are basic guidelines covering general conditittnis.important that

the engineer visit the site to ensure all features are covered. In general, if a structure
boring is located in close proximity to a planned soil survey boring, the soil survey
boring may be omitted.

a. At least one boring shall be placed at each-fb@d interval. Generally, borings
areto be staggeredeft andright of the centerlineto coverthe entire roadway
corridor. Borings may be spaced further apart if -presting information
indicates the presence of uniform subsurface conditions. Additional borings shall
be located as necessary to define the limits of any undesirable materials or to
better define soil stratificain.

b. In areasof variablesoil conditions,additionalboringsshall be locatedat each
interval considering the following criteria.

1) Forinterstatehighways,threeboringsareto be placedat each interval,
onewithin themedianandonewithin eachroadway.

2) Forfourlaneroadwaystwo boringsareto beplacedateach interval, one
within each roadway.

c. Forroadwaywideningsthatprovideanadditionalane,oneboringshallbe placed
within the additional lane at each interval.

d. In areas of cut or fill, where stability analysis is anticipated, a minimum of two
additionalboringsshallbe placedat eachinterval nearthe outerreaches (toe) of
the sloped areas.

e. In all cases, at least three samples per mile or 3 per project whichever is greater
shallbeobtainedor eachstratumencounteredEachof thesamples representing
a particularstratumshall be obtainedfrom a different location, with sampling
locations spread out over each miBamples should be of adequate size to permit
classification and moisture content testing.

f. For new construction, three 100 Ib. samples per mile per stratum or 5 per project
whichever is greater, of all materials within 4 feet below the proposed base
el evation and considered ®I8wslhdexl200 i n
001 shallbe obtainedanddeliveredto the State Materials Office in Gainesville
for Resilient Modulus (M) testing. Samplesf all stratalocatedin excavation
areas(i.e., water retentionareas, ditches, cuts, etc.), which can be used in
accordance with Standard Plansjdr 120-001 shall also be obtainedfor Mr
testingwhenfill belowpaved areas will be required.
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g. Corrosion series samples shall be obtained (unless no structures are to be
installed) on a frequencyof at leastone sampleper stratumper 1,500feet of
alignment.

h. Whenarigid pavements beingconsideredor design,obtainsufficient samples
to perform laboratory permeability tests based upon the requirements given in
the Rigid Pavement Design Manual.

i. Borings in areas of little or no grade change shall extend a minimum of 5 feet
below grade, drainage pipe or culvert invert level whichever is deeper. For
projectswith proposeduriedstormsewersystemspneboringshallbe extended
to anominaldepthof 20 feetbelowgradeevery500feetalongthe alignment of
the storm sewer system; project specifics may dictate adjustntentgrojects
with proposed regular light poles, one boring shall be extended to a nominal
depth of 10 feet below grade every 500 feet along the alignment if borings for
buried storm sewer systems are not perfornpedject specificsmay dictate
adjustmentsBoringsmayor may not include Standard Penetration Tests (SPT),
depending on the specific project requirements and its location.

j. In areas of cut, borings shall extend a minimum of 5 feet below the proposed
grade,drainagepipe or culvert invert level whicheveris deeper. If poor soil
conditionsare encounteredt this depth,boringsshall be extended to suitable
materials or to a depth below grade equal to the depth of cut, whichever occurs
first. Bag, SPT, undisturbed and core samples shall be obtained as appropriate
for analyses.

k. In areas of fill, borings shall extend to firm material or to a depth of twice the
embankmenheight,whicheveroccursfirst. Bag,SPT,andundisturbed samples
shall be obtained as appropriate.

I. Delineatearea®f deleteriousnaterial{muck,plasticsoils,trashfill, buried slabs
or pavementsetc.)to boththeverticalandthehorizontalextents.

m. ldentify the seasonal high groundwater elevation at least every 500 feetredong
alignmentof the roadwayand in the lowest pavementelevations identified
between these borings.

3.2.2 Structures

The purposeof structureboringsis to provide sufficient information about the
subsurface materials to permit design of the structure foundations and related
geotechnical constructionThe following general criteria should satisfy this
purposeon mostprojects;however,t isthee n g i nresgonsibibtyto assurehat
appropriate explorations are carried out for each specific project.

All structure borings shall include Standard Penetration Testing (SPT) at regular
intervalsunlessothersamplingmethodsand/onn situtesting(asdefinedin Chapter

4) are being performed. Extend borings sufficiently below the shallow foundation,
or deep foundation tip elevations in accordance with the FHWA minioriteria

to determinethe adequacyof the bearing soils and the longterm settlement
behavior of the foundatiorRefer to Reference 3.
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Theactualelevationandlocationof eachboringandsoundingncludingthe Station,
Offset, LatitudeandLongitude shallbe determineddy the projectsurveyor either
before or after the boring or sounding is performed. Corrosion testing must be

performed for each site unless the structure is designed for the most aggressive
conditions.

3.2.2.1 Bridges

1. Minimum frequency of Bridge Foundation Borings (increase boring
frequency for highly variable sites). For straddle piers, consider each
column as a separate pier:

a. Spread~ootingsi
I. Footings< 70feetwide - atleastoneboringperfooting
ii. FootingsO70feetwide - atleasttwo boringsperfooting
b. DrivenPilesi

I. for all bridgeswithouttestpilesensureatleastoneboring
confirming the bearingmaterialsis within 50 feet of
every pile;

i. for bridgeswith testpiles& spanD6 0 6
1 Bents/piefoundationgpile groups)x 700wide

- at least one boring per bent/pier
foundationper structuravithin 25 feetof
eachbent/pierfooting;

f Bents/piefoundationgpile groups)O700wide

- atleasttwo evenlyspacedoringswithin
25feet of each footing for each bent/pier
foundation pestructure;

iii. for bridgeswith testpiles& spans<6 0 6
1 Bents/piefoundationgpile groups) 706wide
- atleastoneboringwithin 25feetof every
other bent/pier foundation per structure
f Bents/piefoundationgpile groups)O700wide

- atleasttwo evenlyspacedoringswithin
25feet ofeveryotherbent/piefoundation
(oroneboring at alternating ends of every
bent/pier foundation) per structure

c. Redundant Drilled Shaftsat least one per bent/pier foundation
in consistensoil conditions;jn variablesoil conditions ensureat
least one boring is within 20 feet of each shatft.

d. NonredundanDrilled Shaftsi atleastonepershaft(Seeltem
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No. 13 in Sectior3.2.2.)
e. AugerCastPiles(ACP)i

I. Bents/piefoundations< 70feetwide- atleastone boring
per bent/pier per structure within 25 feet of each
bent/pier footing;

ii. Bents/piefoundation€70feetwide- atleastwo evenly
spacedborings per bent/pierfoundationper structure,
with atleastoneboringwithin 25feetof each end of each
bent/pier footing;

iii. All bridges with ACP foundations require static load
tests.Performat leastone boring within 5 feet of the
location of the static load test pile.

For structurewidenings,the total numberof boringsmay be reduced
depending on the information available for the existing structure.

Whenpractical performeach2.5-inchminimumdiameteiSPTboringat
each pier or abutment location during the design plidszhole pattern
should be staggeredso that borings occur at the opposite ends of
adjacent piers.

. If pierlocationsareunknown,a Phasd Investigationincludingborings
spaced approximately every 500 feet, or as directed by the District
Geotechnical Engineer, may be performed to provide sufficient
information for the structural engineer to complete the Bridge
DevelopmenReportprocessanddeterminethe locationsof the bridge
piers. Performthe pier specificboringsduringa Phasdl Investigation
after the bridge pier locations are determined

Modification for NonConventional Projects:

Del ete Item 2) and replace w
perform a Phase | Investigation including borings spaced to pro
sufficient information for the structural engineer to complete the
Bridge Development Report process and determine taidms of

the bridge piers. Perform the pier foundation specific borings du
the design phase after the bridge pier locations are determined.

. Boring depthsmust considerthe mostlikely foundationtype for the
bridge.

a. Boringsfor shallowfoundationsshall be continuedto a depth
below the foundation af

I. 2B wherelL< 2B,
ii. 5BwhereL >5B
iii. Interpolatedepthfor L betweer2B and5B
whereB is the diameterof a circular foundationor the
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smaller dimension of a rectangular foundation, and L is
the larger dimension of a rectangular foundation.

b. Borings for driven pile foundationstipped in soil shall be
continued until all unsuitable foundation materials have been
penetrated and tharedictedstressfrom the equivalentfooting
loadingis lessthan 10% of the original overburden pressure (see
Figure3-1). For pile foundations tipped in rock (with coreQ
550 psi or N=100), continue borings to at least 10 feet below the
foundation tip elevationg:or pilestippedin weakermaterials,
continueboringsto at least 20 feet below the foundation tip
elevations.

CommentaryFor typical pile resistanceshoringsto at least25
feet ofcompetenbearingmaterial (generallyN-valuesof 50 or
greater) will usually satisfy the above.

c. Borings for rock socketed drilled shafts shall continue through
competent materials for at ledsteeshaft diameters below the
expectedshafttip elevation(Seeltem No.6 in Section3.2.2.]).
Borings for nonrock socketed drilledshafts shall continue
throughcompetenmaterialsfor atleast two times the width of
the shaft group below the expected shatft tip elevation. (Scour
and lateral requirements must be satisfied.) For nonredundant
drilled shafts see additional requirements below.

d. Borings for rock socketed ACP shall continue through
competent materials for at least 10 feet below the expected pile
tip elevation (Settem No.6in Sectior3.2.2.). Boringsfor non
rock ACP shallcontinuethroughcompetent materiafer atleast
two timesthewidth of the pile groupbelowthe expected pile tip
elevation. (Scour and lateratability requirementsmust be
satisfied.)

. Whenusingthe Standard®enetratiorm est,split-spoonsampleshallbe
obtainedat a maximumintervalof 2.5to 3.0 feetandat thetop of each
stratum.ContinuousSPTsamplingn accordanc&ith ASTM D1586 is
required in the top 15 feet unless the material is obviously unacceptable
for shallow foundations.

. When cohesive soils are encountered, undisturbed samples shall be
obtainedat 5-foot intervalsin atleastoneboring. Undisturbedsamples
shall be obtained from more than one boring where possible.

. Whenrock is encounteredduring the preliminary site investigation
typically associated withreparation otheBridge Development Report
(BDR), successivecore runs shall be made with the objectiveof
obtainingthe bestpossiblecorerecovery. S P T éhall be performed
between core runs, typically at 5oot intervals.

. When rock is encounteraxh projects where eock-socketedlrilled-in-
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10.

11.

12.

13.

place deep foundatiorsuch as Drilled Shafts, Auger Cast piles or
Micropiles has been selectddr bridge supportthe final subsurface
investigationshallinclude a full depth SPT borirtg at leasthreeshaft
diameters below the anticipated tip elevatiaith an adjacenborehole
for coring(within 10 feet)at each Pier or Benas a minimumAt each
Pier/Bent the SPT boring shall performedirst, to delineate the zones
where rock coring is requireébllowed by rock coring of the intervals
of interest.

In addition to the requirements of Stép for bridges (including
pedestrian bridges) to be supported by nonredundant drilled shaft
foundations (See Secti@?2.3Drilled Shaft3, performatleastoneSPT
boringateachdrilled shaftlocation during the design phase.

In situ vane,pressuremeter dilatometertests(See Chapter 4 are
recommended where soft clays are encountered.

Corrosion series testsgeChapter 4 are required on all new bridge
projectsdesignedor lessthanthe mostaggressiveonditions.The soil

and the water shall be tested. If inland locations are identified to have
extremely aggressive environments which do not seem to represent the
field conditionstheengineeshouldobtainthreeadditionalsamplegper
project to confirm an extremely aggressive test result and contact the
Corrosion Section of the State Materials OfficeSIME
corrosionsection@dot.state.flus

In thecaseof awatercrossingsample®f streambednaterialsandeach
underlying stratum shall be obtained for determination of the median
particle diameter, E, needed for scour analysiSample and test
materials above the maximum probable depth of sc@amsult the
Drainage Engineer as necessary when determining this depth.

For piers designedfor vesselimpact loads, pressuremetetests are
recommendetb profile the materialfrom the scourelevationto at least
seven (7) foundation element diametersbelow the deepestscour
elevationat the pier location.

Fornonredundandrilled shafts:

The minimum number of borings required to be evenly spaced at each
nonredundardrilled shaftlocationwill bedependenbtntheshatft size as
follows:
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Maximum Shaft| Minimum | irimum

Diameter (feet) | Borings/Shatt BOPr:Z?S/
For fairly uniform sites:
NHY 1 1
9to 10 1 2

For variable sites or karstic areas:
NHT 1 1
8to 10 2 2

CommentaryVariable sites include those in known
variable geologic areas and those determined to be
variable (difficult to predict based on other borings)
during the subsoil exploration program.

Contact the State Geotechnical Engineer for
exploration requirements for drilled shaft diameters
larger than 10 feet (if allowed).

Core the limestone load bearing strata and testcore samples
recovered Borings shall extend to not less than three shaft diameters
below the proposed/final shaft tip elevationto the depthrequired
abovein Item 3), whicheveris deeperPilot holes shalberequiredas
necessarguringconstructionn casesvheretheoriginalboring depth is
insufficient, where shafts are lengthened or shaft locations are modified.
Boringsshallbelocatedby surveyandperformedwithin one(1) foot of
theshaft location. If access during the design phase limits the ability to
accomplish these borings this close to the drilled shaft locations,
perform a preliminary boring no farthéran60 feetfrom the shaftand
include plan notes to require the pilot holes to be taken during
construction, unless otherwise authorized by the District Geotechnical
Engineer. However, every effort shall be made to perform these
borings and testthe coresduring the designphasein lieu of the need

for pilot holes and rock core testing during construction.

Note the size of rock core sampled in the boring log. The minimum
acceptable rock core diameter is 2.4 inches for general design borings
(although 4 inch diameter rock cores are preferable). Rock core samples
for drilled shaft specifigilot holesshouldbe 4 inchesin diameteror

larger in order to increasecore recovery, RQD and increase the
likelihood of obtaining a better quality core.

3.2.2.2 Approach Embankments
1. At leastoneboringshallbetakenatthepointof highesffill; theborings
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taken for the bridge abutment will usually satisfy this purpose.

If settlement or stability problems are anticipated, due to the height of
the proposecembankmenand/orthe presencef poorfoundationsoils,
additional borings shall be taken along the alignméra. boring was

not performed at the bridge abutment, the first of these borings shall be
nomorethanl5feetfromtheabutment.Theremainingboringsshallbe
placed at 10doot intervals until the height of the fill is less thafebt.
Boringsshallbetakenatthetoe of the proposedembankment slopes as
well as the embankment centerline.

2. Borings shall extend to a depth of twice the proposed embankment
heightandunsuitablefoundingmaterialshavebeenpenetrated.in the
eventsuitablefoundingmaterialsare not encounteredyoringsshall be
continueduntil the superimposedtresss lessthan10% of the original
overburden pressure (segure3-2).

3. Samplingand in situ testing criteria are in accordancewith ASTM
D1586.

3.2.2.3 RetainingWalls

1. At all permanenaindtemporarycritical wall locationsborings shalbe
takenat a maximuminterval of oneper150feetof thewall, as close to
the wall alignment as possibl&orings shall be extended below the
bottom of the wall a minimum of twice the wall height or at |a@deet
into competenimaterial. This appliesto all earthretaining structures,
proprietarysystemsaswell asprecastandcastin-place.For sheet pile
walls, borings shall be extended below the lower adjacent ground
surfaceto a minimum of twice the wall heightor at least10 feet into
competent rock.

2. Samplingand in situ testing criteria are in accordancewith ASTM
D1586.

3. WhenexistingMSE wallswill bewidenedor modified,collectsamples
of the existing reinforced fill materials for corrosion testing at a
minimumfrequencyof threesamplegpermile perwall of existingwall
length. Determine the friction angle of the reinforced backfill at the
same or greater frequency using a direct (direct shear tests on bulk
samples prepared at 95% of the maximum FWVIL80 dry density)or
indirect method (e.g., Se&ppendix B as approved by the District
Geotechnical Engineer.

3.2.2.4 NoiseWalls

1. NoiseWall Boringsshallbetakenatamaximumintervalof oneper500
feet of the wall, as close to the wall alignment as possiBend
boringsbelowthe bottomof thewall to a depthof twice thewall height
or 30 feet whichever is less. Increase the boring frequency in variable
locations and areas of suspected weak soils such as wetlands, filled
wetlands, etc.
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3.2.25

3.2.2.6

3.2.2.7

2.

Samplingandin situ testing criteria are in accordancewith ASTM
D1586.

Buildings

In general, perform one boring at each corner and one in the center. This
may be reducedfor small buildings. For extremelylarge buildings or
variablesiteconditionspneboringshouldbetakenateachsupport location.
Other criteria are the same as for bridges.

Drainage Structures

1.

Boringsshallbe takenat proposedocationsof box culverts. Trenches
or hand auger borings may suffice for smaller structures.

For box culverts, borings shall extend a minimum of 15 feet below the
bottomof theculvertor until firm materialis encounteredyhicheveris
deeper.

For smaller structures, borings or trenches shall extend at least 5 feet
belowthe bottomof the structureor until firm materialis encountered,
whichever is deeper.

Corrosiontestingmustbe performedor eachsiteunlesshestructures
designedor themostaggressiveonditions.Whentestingis performed,
material from each stratum above the invert elevation and any standing
water shall be testedFor drainage systems parallel to roadway
alignments, tests shall be performed at 1;t&@@ (or smaller) intervals
along the alignment.

High Mast Lighting, and OverheadSign Structures

1.

Oneboringshallbetakenateachdesignatedbcation;ensuresachshaft
is within 20 feet of a boring.

Boringsshallbe 40 feetinto suitablesoil or 10 feetinto competentock
with 15 feet minimum total depth. Deeper borings may be required for
cases with higher than normal torsional loads.

Samplingandin situ testing criteria are in accordancewnith ASTM
D1586.

Corrosiortestingmaybeomittedandthestructuredesignedor the most
aggressive conditions unless otherwise required by the District
Geotechnical Engineer.

Modification for NonrConventional Projects:

Delete 4) and insert the following:
Corrosion testing must be performed for each foundation unless
structure is designed for the most aggressive conditions.
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3.2.2.8 Mast Arms AssembliesMicrowave Vehicle DetectionSystems
(MVDS) Poles and Strain Poles

1. One boring to 25 feet into suitable soil or 10 feet into competent rock
with 15feetminimumtotal depth(Auger,SPTor CPT)shallbetakenin
the area of each designated location (for uniform sites one boring can
cover more than one foundation location).

2. For Standard Mast Arm Assemblies, verify that the soil strength
propertiesat the foundationlocationsmeetor exceedthe soil strength
properties assumed for the Standard Mast Arm Assemblies in the
Standardindices.A site-specific designmust be performedfor those
sites having weaker strength properties.

3. For mastarm assembliesiot coveredin the standardsan analysisand
design must be performed.

4. Corrosiontestingmaybeomittedandthestructuredesignedor the most
aggressive conditions unless otherwise required by the District
Geotechnical Engineer.

Modification for NonConventional Projects:

Delete 4) and insert the following:
Corrosion testing must be performed for each foundation unless
structure is designed for the most aggressive conditions.

3.22.9 CCTV Poles

1. One boring shall be taken at each designated locatithe pole location
is subsequentlynoved performanotheboringascloseaspracticalto the
new location if the site is variable orweaker soils are suspected.

2. Borings shall be 20 feet into suitable soil below prevailing grade or 25
feetbelowthetop of embankmentThe boringmayterminateat 10 feet
into competent rock with 15 feet minimum total depth. Deeper borings
may berequiredfor caseswvith higherthannormalloadsor wherein the
opinion of the District Geotechnical Engineer, the foundation depth is
expected to be deeper.

3. Samplingandin situtestingcriteriaarein accordanceiith ASTM D1586.

4. Corrosiontestingmaybeomittedandthestructuredesignedor the most
aggressive conditions unless otherwise required by the District
Geotechnical Engineer.

Modification for NonrConventional Projects:

Delete 4) and insert the following:
Corrosion testing must be performed for each foundation unless
structure is designed for the most aggressive conditions.
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3.2.2.10 CableBarriers

3.2.2.11

3.2.2.12

1. Oneboringto 35 feetinto suitablesoil or 15 feetinto competentock
(Auger, SPT or CPT) shall be taken in the area of each designated
locationfor cablebarrierendanchorages.

2. ForStandardCableBarrierEnd Anchoragesyerify thatthesoil strength
properties at the foundation locations meet or exceed the soil strength
propertiesassumedn DevelopmentaEpecification540. A site-specific
design must be performed for those sites having weaker strength
properties.

3. In addition to the soil borings at the end anchorages, a geotechnical

assessment of the soils along the cable barrier alignment between the
anchorlocationsshalloccur. This maybedoneusinganyof thenormal
preliminary investigation methods (topographic maps, aerial photos,
geologicalmapsandreports.etc.)aswell asoriginal roadwayplans. As

a minimum, a visual assessment in the field is requireakstigate areas

that appear to be wetlands, have high organic content or that are saturated
for extended periods by taking site specific borings.

4. Corrosiontestingmaybeomittedandthe structuredesignedor the most

aggressive conditions unless otherwise required by the District
Geotechnical Engineer.

Modification for NonConventional Projects:

Delete 4) and insert the following:
Corrosion testing must be performed for each foundation unless
structure is designed for the most aggressive conditions.

Tunnels

Due to the greatly varying conditions under which tunnels are constructed,
investigation criteria for tunnels shall be establishedby the District
Geotechnical Engineer for each project on an individual basis.

Modification for NonrConventional Projects:

Delete this paragraph and see the RFP for requirements.

Other Structures

ContactheDistrict GeotechnicaEngineeffor instructionsconcerning other
structures not covered in this section.

Modification for NorConventional Projects:

Delete this paragraph and see the RFP for requirements.
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3.2.3 Borrow Areas

Test pits, trenches,and various types of borings can be usedfor exploration of
potential borrow areas.Samples should be obtained to permit classification,
moisture,compaction permeabilitytest,LBR, Mr and/orcorrosiontestingof each
materialtype,asapplicable. The extentof theexplorationwill dependnthesize of

the borrow area and the amount and type of borrow needed.

3.2.4 OpenRetention Ponds(Stormwater Pondswith a positive outlet)

Two auger borings (SPT borings with continuous sampling may be substsidid)
betakenper40,000feet of pond,with aminimumdepthof 5 feet belowthedeepest
elevationof the pond, or until a confining layer is encounteredr local Water
Management District criteria are satisfied. minimum of two field permeability
tests per pond shall be performed, with this number increasing for larger ponds.

Sufficient testing must be accomplished to verify whether the excavated medarial
beusedfor embankmentfill. If rockis to beexcavatedrom thepond, sufficienSPT
boringsmustbeaccomplishedo estimatehevolumeandhardness of the rock to be
removed.

3.2.5 ClosedRetention Ponds(Stormwater Pondswithout a positive outlet)

One auger boring (SPT borings with continuous sampling may be subststoddid)
betakenper40,000feet of pond,with aminimumdepthof five feetbelowthedeepest
elevationof thepond,andoneSPTboringper40,000feet of pond, with a minimum
depth of two times the proposed water height or until local Water Management
District criteria are satisfiedA minimum of two field permeability tests per pond
shall be performed, with this number increasing for larger ponds.

Sufficient testing must be accomplished to verify whether the excavated medarial
beusedfor embankmentill. If rockis to beexcavatedrom thepond, sufficienSPT
boringsmustbeaccomplishedo estimatehevolumeandhardness of the rock to be
removed.

3.2.6 Exfiltration Trenches/FrenchDrains

One auger boring (SPT borings with continuous sampling may be substituted) shall
be taken per 1,000 feet of continuous exfiltration trench, with a minidepthof

20 feet. A minimum of oneopenhole percolationtestper 1,000 feet of continuous
exfiltration trench shall be performed.

If rock is to be excavated or expected to be encountered, sufficient SPT Inouistgs
be accomplishedo estimatethe depth, volume and hardnessof the rock to be
encountered
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Figure 3-1: Stress Distribution Below Equivalent Footing for Pile Group (AASHTO 2020)
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Figure 3-2: Determining the Maximum Depth of Significant Increase in Vertical Stress in the

Foundation Soils Resulting from an Infinitely Long Trapezoidal Fill

Note inFigure3-2, native soil andembankment filareassumed homogeneous, isotropic

and elastic. (After Schmertmann, 1967)
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6. Recommendeduidelinesfor SealingGeotechnicaExploratoryHoles National
CooperativiHighwayResearctProgramNCHRPReport378.

7. Rigid PavemenDesignManual FDOT, (Currentversion).
8. Generallolling Requirement§GTR)Volumel, FDOT, (CurrentVersion)

3.4  Specificationsand Standards

Subject ASTM | AASHTO | FM

Sta_ndard Test Met_hod for F_’enetratlon Test an( D1586 T 206 i
Split-Barrel Sampling of Soils
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Chapter 4: In situ Testing

The testing describedin this chapterprovidesthe GeotechnicalEngineerwith soil androck

parametersleterminedn situ. This is importanton all projects,especiallythose involving soft
clays, loose sands and/or sands below the water table, due to the difficudtytaofing
representativeamplesuitablefor laboratorytesting. Foreachtestincluded, arief descriptionof

theequipmentthetestmethod,andthe useof the datais presented.

4.1

Standard Penetration Test(SPT)

This testis probablythe mostwidely usedfield testin the United States. It has the
advantages of simplicity, the availability of a wide variety of correlations for its data,
and the fact that a sample is obtainable with each Aestandard split barrel sampler

is advanced into the soil by dropping a Jptfund safety or automatic hamnoerthe

drill rod from a heightof 30inches. (Note: Useof adonuthammetis not permitted).
The sampler is advanced a total of 18 incAé® number of blows required to advance
the sampler for each of threar&h increments is recorde@he sunof thenumberof
blowsfor the secondandthird incrementss calledthe Standard Penetration Value, or
more commonly, Nvalue (blows per foot)Perform all Standard Penetration Tests in
accordance with ASTM D686 (AASHTO T 206).

Note the type of hammer (safety or automatic) on the boring logs, since this will affect
the actual input driving energy. Only one type of hammer may be used in each SPT
boring. Because of the substantial increase in consistency, automatic SPT
hammers are required for all SPT borings performed using truck and aH terrain

vehicle mounted drilling equipment; safety hammerswill be permittedonly for
boringsrequiring specialtyand/oruniquedrilling equipmentthat cannotsupportan
automatichammeri.e., small amphibiousigs, tripod, smallbarge etc.) Useof safety
hammers requires the approval of the District Geotechnical Engineer.

WhenStandardPenetratio ests(SPT)areperformedn soil layerscontaining shell or
similar materials, the sampler may become plugdeplugged sampler will cause the
SPT Nvalue to be much larger than for an unplugged sampler and, therefore, not a
representative index of the soil layer propertieshis circumstance, a realistic design
requires reducing the-Malue used for design to the trend of thevidlues which do

not appear distorted (S&egure4-1 andReference B However, the actual Nalues
should be presented on the Report of Core Borings Sheet.

During design the N-valuesmayneedto be correctedor overburderpressureA great
many correlations exist relating the corrected/dlues to relative density, angbé
internalfriction, sheasstrengthandotherparametersDesignmethodsare available for
using Nvalues in the design of driven piles, embankments, spread foahddslled
shaftsHowever whenusingFB-Deepor GeoStattheN-values should not be corrected
since the design methodology is based on uncorrectedlies.

The SPT values should not be used indiscriminately. They are sensitiveto the
fluctuationsin individualdrilling practicesandequipment.Studieshavealsoindicated

that the results are more reliable in sands than clays. Although extensive use of this test
in subsurface exploration is recommended, it should always be augmented by other
field and laboratory tests, particularly when dealing with clays.
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4.2

A methodto measureghe energyduringthe SPThasbeendeveloped ASTM D4633).
Since there is a wide variability of performance in SPT hammers, this method is useful

to evaluate an i ndi viTdauSPT installatiomegracédsie per f o

similarto pile driving becausét is governedyy stressvavepropagation. As a result, if
force and velocity measurements are obtained during a test, the energy transmitted can
be determined.

TheFDOTsponsoredstudyin which224energymeasurementseretaken during SPT

tests using safety hammers and compared to 113 energy measuremendsitiaken
SPTtestsusingautomatichammers.Eachdrill rig wasevaluatedusing multiple drill

crews, multiple sampling depths and multiple types of drill rddee study concluded

that the efficiency for automatic SPT hammers on average was 79.8%; whereas, most
safety hammers averaged 64.5Because most design correlations and FDOT design
programs are based on safety hammemaNies, N values obtained during SPT tests
performed using an automatic hammer shall be converted for design to an equivalent
safety hammer Nalue efficiency by the following relationship:

NEs = 3X Nuro

where:
Naro = The AutomaticHammem-value
3= TheEquivalentSafetyHammerConversior-actor
Nes = The Equivalent Safety Hammer\dlue

Basedontheresultsof theD e p a r t studyauvalGesf 1.24shallbeusedfors i n t he
above relationshipNo other multiplier shall be used to convert automiagicmer N

values to equivalent safety hammewalues without written concurrené®m the

State Geotechnical Engined€onsultants desiring to use their ownspecific
conversiorfactormustperformannualcalibrationsn accordancaith ASTM D4633.

DesigncalculationsusingSPT-N valuecorrelationshouldbeperformedusing Nes,
howeveronly theactualfield SPT-N valuesshouldbe plottedon thesoil profiles
depicting the results of SPT borings.

ConePenetrometerTest(CPT)

The Cone Penetrometer Test is a (uséaiic penetration test in which a cylindricadi

with aconicalpointis advancedhroughthe soil ataconstantateand the resistance to
penetration is measured series of tests performed at varying depths at one location
is commonly called a sounding.

Several types of penetrometer are in use, including electric cone, electric ftiatien
piezoconeandhandconepenetrometersConepenetrometenseasure the resistance to
penetration at the tip of the penetrometer, or thelsalingcomponent of resistance.
Friction-cone penetrometers are equipped with a friction slegkieh providesthe
addedcapability of measuringhe side friction component ofesistanceMechanical
penetrometerBavetelescopindipsallowingmeasurements to be taken incrementally,
generally at intervals of 8 inches or legdectronic penetrometers use electronic force
transducers to obtain continuous measurements with deghocone penetrometers

are electronic penetrometers, which are also capable of measuring pore water pressures
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4.3

during penetration. Hand cone penetrometers are similar to mechanical cone
penetrometers, except they are usually limited to determining cone tip resistande.

cone penetrometers are normally used to determine the strength of soils at shallow
depth, and they are very useful for evaluating the strength of soils explored by hand
auger methods.

For all typesof penetrometerg,onedimensionof a 60-degredip angleanda 10 cm
(1.55 ir¥) projected end area are standdfdction sleeve outside diameter is the same
as the base of the conBenetration rates should be between 0.4 and 0.8 infests
shall be performedin accordancevith ASTM D5778 (electronicfriction cones and
piezocones).

The penetrometer data is plotted showing the-leating resistance, the friction
resistance and the friction ratio (friction resistance divided by end bearing resistance)
vs. depth. Porepressuresif measuredgan also be plotted with depth. The results
shouldalsobepresenteth tabularformindicatingtheinterpretedesultsof the raw data.
SeeFigure4-2, Figure4-3, andFigure4-4 (Note: the log for a standard cone penetration
test would only include the first three plots: tip resistance, local friction, and friction
ratioasshown inFigure 9-5).

The friction ratio plot can be analyzed to determine soil tiy@ny correlations of the
cone test results to other soil parameters have been made, andmegigdsare
availablefor spreadootingsandpiles. Thepenetrometetanbe usedn sandsor clays,
butnotin rock or otherextremelystrongsoils. Generally soil samplesrenotobtained
with soundings,so penetrometeexplorationshould always be augmented by SPT
borings or other borings with soil samples taken.

The piezoconepenetrometecan also be usedto measurehe dissipationrate of the
excessive pore water pressure. This type of test is useful for subsoils, such as fibrous
peat or muck that are very sensitive to sampling techniques. The cone should be
equippedwith a pressurdransducethat is capableof measuringthe inducedwater
pressureTo performthis test,the conewill beadvancednto the subsoilat a standard

rateof 0.8inch/secPorewaterpressuresvill be measuredmmediatelyandat several

time intervalsthereafterUsetherecordeddatato plot a porepressureversusog-time
graph.Usingthis graphonecandirectly calculateghe porewaterpressuralissipation

rate or rate of settlement of the soil.

Dynamic ConePenetrometerTest

This test is similar to the cone penetrometer test except, instead of being pushed at a
constant rate, the cone is driven into the sbhle number of blows requirédadvance

the conein 6-inch incrementsis recorded. A single testgenerally consistef two
increments. Tests can be performed continuouslyto the depth desired with an
expendable cone, which is left in the ground upon drill rod withdraw&hegicanbe
performedat specifiedintervalsby usingaretractableconeandadvancing the hole by

auger or other means between tests. Samples are not obtained.

Blow counts can generally be used to identify material type and relative density. In
granular soils, blow counts from the secord& increment tend to be larger than for
the first incrementln cohesive soils, the blow counts from the two increments tend to
be about the sam#&Vhile correlations between blow counts and enginegnapgerties
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4.4

4.5

of the soil exist, they are not aswidely acceptedasthosefor the SPT. Shallow tests
should be performed in accordance with ASTM951. For deeper tests, the
equipment, testing procedure and interpretation of the results should be based upon the
manufacturerod6s recommendati ons.

Dilatometer Test(DMT)

The dilatometer is a 3.7Bch wide and 0.5%8nch thick stainless steel blade with a thin
2.4inch diameter expandable metal membrane on one side. While the memsbrane
flush with the bladesurface the bladeis eitherpushedor driveninto the soil using a
penetrometer or drilling rig. Rods carry pneumatic and electrical lines from the
membrane to the surfacAt depth intervals of 8 inch, the pressurized gas expéueds
membraneand both the pressurerequiredto begin membranemovement and that
required © expand the membrane into the soil 0.04 inches are mea&dditionally,
uponventingthe pressureorrespondingo the returnof the membrane to its original
position may be recorded (seigure4-5 andFigure4-6). Referto Reference$, 6, and

7.

Through developed correlations, information can be deduced concerning nigperial
porewaterpressuren situhorizontalandverticalstressesjoid ratioor relative density,
modulus, shear strength parameters, and consolidation paranGstemgaredo the
pressuremetetheflat dilatometethastheadvantagef reducedsoil disturbanceuring
penetration.Testsshallbeperformedn accordanceith ASTM D6635.

PressuremeterTest(PMT)

This test is performed with a cylindrical probe placed at the desired depth in a borehole.
The Menard type pressuremeter requiresdoiling of the borehole; the selforing

type pressuremetendvancesthe hole itself, thus reducing soil disturbance. The
PENCEL pressuremeter can be set in place by pressing it to the test depth or by direct
driving from ground surface or from within a predrilled borehdlee hollow center
PENCEL probe can be used in series with the static cone penetroite¢ekienard

probe contains three flexible rubber membranes (Sgere 4-7). The middle
membrangrovidesmeasurementsyhile the outertwo arefi g u a e dtd redacethe
influence of end effects on the measuremémisen in place, the guard cell membranes
areinflated by pressurizedjaswhile the middle membranas inflated with water by
means of pressurized galhe pressure in all the cells is incremented and decremented
by the same amounThe measured volume change of the middle membsaietted
againstappliedpressure Testsshallbe performedn accordance with ASTM £719.

Studieshaveshownthatthe i g u a e Hdarshé eliminatedwithout sacrificing the
accuracy of the test data provided the probe is sufficiently long.

Furthermorepumpedair canbe substitutedor the pressurizedjasusedto inflate the
membrane with water. The TEXA®Mpressuremeter is an example of this type.

Results are interpretedbasedon semiempirical correlationsfrom past tests and
observation. In situ horizontal stresses, shear strength, bearing capacities, and
settlement can be estimated using these correlafidmespressuremeter test results can

be used to obtain load transfer curvesy (purves) for lateral load analyse3$he
pressuremeter test is very sensitive to borehole disturbance and the data may be difficult
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4.6

4.7

4.8

to interpret for some soils.

Field Vane Test

This test consists of advancing a fdiaded vane into cohesive soil to the desired
depth and applying a measured torque at a constant rate until the soil fails in shear along
a cylindrical surface. (Seleigure 4-8) The torque measured at failure providiee
undrainedshearstrengthof the soil. A secondestrunimmediatelyafter remolding at

the same depth provides the remolded strength of the soil and thus inforomegmh
sensitivity. Testsshallbe performedin accordancavith ASTM D2573 (AASHTO T

223).

This method is commonly used for measuring shear strength in soft clays and organic
deposits. It shouldnot be usedin stiff andhardclays. Resultscanbe affected by the
presence of gravel, shells, roots, or sand lay@rear strength may be overestimated

in highly plastic clays and a correction factor should be applied.

Percolation Test

The percolation test is used to ascertain the vertical percolation rate of unsauitated
i.e., therateat which the watermovesthroughnearsurfacesoils. The most common

tests consist of digging a 4 to 12 inch diameter hole to the stratum forimoichation

is required,cleaningandbackfilling the bottomwith coarsesandor gravel, filling the

hole with water and providing a soaking period of sufficient length to achieve
saturation.During the soaking period, water is added as necessary to prevent loss of
all water. The percolation rate is then obtained by filling the hole to a prescribed water
level and measuring the drop in water level over a set tifhe. times required for
soaking and for measuring the percolation rate vary with the soil ltyga practice
shouldbeconsultedor specificrequirements SeealsoReferences 8 and 9.

Resultsof this testare generallyusedin evaluatingsite suitability for septic system
drainage fields.

Infiltration Test

Theinfiltration rateof asoil is themaximumrateatwhichwatercanenterthe soil from
the surface under specified conditiofifie most common test in Florida use®uble
ring infiltrometer. Two opencylinders,approximately20 inch highand 12to 24 inch
in diameter,are driven concentricallyinto the ground. The outerring is driven to a
depth of about 6 inch, the inner ring to a depth of 2 to 4 iBchh are partiallyfilled
with water. As thewaterinfiltratesinto the soil, measuredolumesare addedo keep
the waterlevels constant. The volumesof wateraddedto the innerring and to the
annular space during a specific time interval, equivalent tath&unts, which have
infiltrated the soil. These are converted into infiltration rates, expresseanhits of
length per unit time, usually inchesper hour. The infiltration rate is taken as the
maximum steady state infiltration velocity occurring over a period of several Hours.
the case of differing velocities for the inner ring and the annular sih@saaximum
velocity from the inner ring should be used. The time requiredto run the testis
dependentiponsoil type. Testsshallbe performedn accordancevith ASTM D3385.

Drainagesngineern evaluatingunoff, ditchor swaleinfiltration use information from
this test.
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Permeability Test

Field permeability tests measure the coefficient of permeability (hydraulic
conductivity) of inplace materials.The coefficient of permeability is the factor of
proportionalityrelatingtherateof fluid discharggerunit of crosssectionabreato the

hydraulic gradient (the pressure or fheac
flow path). This relation is usually expressed as:

0 00

0 0

WhereQ is discharge rate (volume/timey;is crosssectional area, H/L is the hydraulic
gradient(dimensionless)andK is the coefficientof permeability,expressed in length

per unit time (cm/sec, ft/day, etcJhe area and length factors are often combines in a
Ashape factoro or fAconductivity coefficie
variable of all the materials properties commonly used in geotechnical analysis.
permeability spread of ten or more orders of magnitude has been reported for a number

of different types of tests and materidideasurement of permeability is highly siive

to both natural and test conditionBhe difficultiesinherentin field permeabilitytesting
requirethatgreatcarebetakento minimizesourcef error and to correctly interpret, and
compensate for, deviations from ideal temtditions.

Factors Affecting Tests The following five physical characteristicanfluence the
performance and applicability of permeability tests:

1. positionof thewaterlevel,
typeof materiali rockor soil,
depthof thetestzone,
permeabilityof thetestzone,and

SR A

heterogeneitandanisotropyof thetestzone.

To accounfor thesefactors,it is necessaryo isolatethetestzone. Methodsfor doing
so are shown in References 2 & 17.

Many types of field permeability tests can be performiadyeotechnical exploration,
equilibrium tests are the most commonhese include constant and variabhkad
gravity tests and pressure(Packer)tests conductedin single borings. In a few
geotechnicaihvestigationsandcommonlyin waterresourceor environmental studies,
nortequilibriumf a q u orfi e v destsareconductedawell ispumpedat a constant
rate for an extended period of timélypical ranges of permeabilitgoefficientsand
suggestedestmethodsrom Referencel8 arepresentedn Figure 4-9. Formulas for
computing permeability coefficients from constant and variable head tests are included
in Figure 4-10. For insitu variable head tests, see References 172arféerform
laboratorytestsaccordingto ASTM D5856.Performconstantheadand falling head
borehole permeability tests in accordance with ASTGBQL.

4.9.1 ConstantHead Test

Themostcommonlyusedpermeabilitytestis theconstanheadest. However, itmay
bedifficult to performin materialsof eithervery high or verylow permeability since
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the flow of water may be difficult to maintain or to measure.

4.9.2 Rising Head Test

In asaturateconewith sufficiently permeablenaterialstherising headtestis more
accurate than a constant or a falling head tektgging of the pores by fines or by
air bubbless lessaptto occurin arising headtest. In anunsaturatedone therising
head test is inapplicable.

4.9.3 Falling Head Test

In zones where the flow rates are very high or very low, the falling head tesemay
easierto performthana constanheadtest. In anareaof unknownpermeability the
constant head and rising head tests should be attempted before a falling head test.

4.9.4 Pumping Test

In large scale seepage investigations or groundwater resource studies, the expense
of aquifer or pumping tests may be justified as they provide more accurate and
useful data than any other type of td3ump tests require a test well, pumping
equipmentandlengthytesttimes. ObservatiorwellsarenecessaryA vastnumber

of interpretive techniques have been published for special conditions.

Permeabilitycalculationsaremadebasedntherateof pumping themeasured draw
down, and the configuration of the test hole and observation irRdler to ASTM
D4050 and Reference 17.

4.9.5 Vertical In Situ Permeameter(VIP) Test

The FDOT sponsored a study to develop a field permeability test method using a
probe as an alternative to conventional borehole testing methods. The conical probe
thatwasdevelopedtanbepushednto the soil usingastandardlrill rig. It hasa

vertical injection port to control the outflow of water into the surrounding soil. The
result is a mean coefficient of permeability at the depth to which the probe was
advanced, and multiple depths can be tested from a single sounding. Tests shall be
pefformed in accordance with FM&L4.

4.10 Environmental Corrosion Tests

Thesetestsarecarriedouton soil andwaterat structurdocations,on structurabackfill
materials and on subsurface materials along drainage alignments to determine the
corrosion classification to be considered during deskgor. structures, materials are
classified as slightly, moderately, or extremely aggressive, depending on their pH,
resistivity, chloridecontent,andsulfatecontent. (Referto the latestStructureDesign
Guidelinesfor thecriteria, which defineseachclass). For roadwaydrainag systems,

test results for each stratum are presented for use in determining alternate culvert
materials.

Testing shall be performed in the field and/or the laboratory according to the standard
proceduredisted below. Oncethep r o0 | @rosidntestresultshavebeenreviewed

by the District GeotechnicalOffice, compile the sampledata and resultsinto the
ACorrosion Series Test Re s ul Gestecl$idaD. x | s X
Engineering  webpage and email the completed form toSM-
corrosionsection@dot.state.fl.us
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Sulfate lon in Brackish Wat

ulfate c.)nln.rac is ater FM 5.553

Sulfates in Soill
Electr!cal Res!stance of Wgter FM 5.551
Electrical Resistance of Soil

4.11 Grout Plug Pull-Out Test

This test is performed when the design of drilled shafts in rock is anticipated. However,
the values obtained from this test should be used carefully.

A 4-inch diameter (minimum) by 3itich long core hole is made to the desired depth

in rock. A high strength steel bar with a bottom plate and a reinforcing cage over the
length to be grouted is lowered to the bottom of the hole. Sufficient grout is potared

the hole to form a grout plug approximately 2 feet long. After curing, a center hole jack
is used to incrementally apply a tension load to the plug with the intent of inducing a
shear failure at the groutimestone interface. The plug is extractiwd failure surface
examined, and the actual plug dimensions measured.

The ultimate shear strength of the grbiotestone interface is determined by dividing
the failure load by the plug perimeter area. This value can be used to estimate the skin
friction of the rocksocketed portion of the drilled shaft.
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Example SPT-N Adjustments
Due to Plugged Sampler

20

40

Depth, feet

80

100

120
0 20 40 60 80 100
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Figure 4-1: Example SPT Mdjustments Due to Plugged Sampler
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Figure 4-2: Typical Log from Mechanical FricticCone
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Figure 4-3: Typical Log from Electric Piezocone



FLORIDA D.O.T MATERIALS OFFICE

CPT DATE :04/28/88 9:00 ENGINEER :BLANTON
LOCATION  :301459 6 m LY CL Cone Used :283
Job No. :46090-3511 Water table (meters) : 1.5

Jot. Unit Wt. (avg) : 510 N/m"3

DEPTH ac (avg) fs (avg) Rf (avg) SIGV! SOIL BEHAVIOUR TYPE Eq - Dr PHI SPT Su
(meters)  (MN/m*2) (kN/m"2) (%) (MPa) (%) deg. N (MPa)
0.50 53.24 0.16 0.31 0.04 sand to silty sand >90 >48 13 UNDEFINED
1.00 139.74 0.56 0.40 0.13 sand >90 >48 27  UNDEFINED
1.50 205.64 0.71 0.35 0.22 sand >90 - >4B 39  UNDEFINED
2.00 312.59 1.77 0.57 0.28 gravelly sand to sand >90 >48 50  UNDEFINED
2.50 341.26 1.77 0.52 0.31 gravelly sand to sand >90 >48 >50  UNDEFINED
3.00 262.08 1.08 0.41 0.35 gravelly sand to sand >90 >48 42  UNDEFINED
3.50 236.04 1.00 0.42 0.38 sand >90 >48 45  UNDEFINED
4.00 173.89 0.67 0.39 0.42 sand >90 46-48 33 UNDEFINED
4.50 92.91 0.41 0.44 0.45 sand to silty sand 70-80 44-46 22  UNDEFINED
5.00 17.01 .13 0.79 0.49 sandy sitt to clayey silt UNDFND  UNDFD 7 1.07
5.50 6.64 0.01 0.21 0.52 sensitive fine grained UNDFND  UNDFD 3 .38
6.00 10.38 0.03 0.32 0.55 sandy silt to clayey silt UNDFND  UNDFD 4 .62
6.50 16.33 0.10 0.60 0.59 sandy silt to clayey silt UNDFND  UNDFD 6 1.01
7.00 15.86 0.10 0.61 0.62 sandy silt to clayey silt UNDFND  UNDFD [ .97
7.50 14.86 0.09 0.63 0.66 sandy silt to clayey silt - UNDFND  UNDFD 6 .90
8.00 10.37 0.06 0.61 0.69 sandy silt to clayey silt UNDFND  UNDFD 4 .60
8.50 13.54 .09 0.67 0.73 sandy silt to clayey silt UNDFND  UNDFD 5 .80
9.00 22.86 0.16 0.70 0.76 silty sand to sandy silt <40 34-36 7  UNDEFINED
9.50 29.15 0.21 0.7 0.80 silty sand to sandy silt <40 36-38 9  UNDEFINED
10.00 35.88 0.26 0.72 0.83 silty sand to sandy silt <40 36-38 11 UNDEFINED
10.50 39.31 0.28 0.7 0.87 silty sand to sandy silt 40-50 36-38 13 UNDEFINED
11.00 53.59 0.30 0.56 0.90 sand to silty sand 50-60 38-40 13 UNDEFINED
11.50 58.47 0.30 0.52 0.94 sand to silty sand 50-60 38-40 14  UNDEFINED
12.00 92.18 0.64 0.69 0.97 sand to silty sand 60-70 40-42 22  UNDEFINED
12.50 94.25 0.44 0.47 1.01 sand to silty sand 60-70 40-42 23 UNDEFINED
13.00 125.46 1.04 0.83 1.04 sand to silty sand 70-80 40-42 30 UNDEFINED
13.50 50.89 1.15 2.26 1.08 sandy sitt to clayey silt UNDFND  UNDFD 19 3.24
14.00 51.81 0.39 0.76 1.1 silty sand to sandy silt 40-50 36-38 17 UNDEFINED
14.50 68.95 0.32 0.46 1.15 sand to silty sand 50-60 38-40 17 UNDEFINED
15.00 154.16 0.41 0.27 1.18 sand 70-80 42-44 30  UNDEFINED
15.50 214.47 0.46 0.22 1.22 gravelly sand to sand 80-90 42-44 34 UNDEFINED
16.00 239.03 0.43 0.18 1.25 gravelly sand to sand 80-90 42-44 38  UNDEFINED
16.50 168.43 0.21 0.13 1.29 sand 70-80 42-44 32 UNDEFINED
17.00 102.13 0.13 0.13 1.32 sand 60-70 38-40 20 UNDEFINED
17.50 101.49 0.22 0.22 1.36 sand 60-70 38-40 19  UNDEFINED
18.00 171.24 0.28 0.16 1.39 sand 70-80 40-42 33 UNDEFINED
18.50 174.32 0.23 0.13 1.43 sand 70-80 40-42 33  UNDEFINED
19.00 191.14 Q.25 0.13 1.46 sand 70-80 42-44 37  UNDEFINED
Dr - Al sands (Jamiotkowski et al. 1985) PHI - Robertson and Campanella 1983 Su: Nk= 15

**%% Note: For interpretation purposes the PLOTTED CPT PROFILE should be used with the TABULATED OUTPUT from CPTINTRY (v 3.04) *wi+

Figure 4-4: Typical Interpreted Output from Electric Cone Penetrometer
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Figure 4-5: Schematic of the Marchetti Flat Dilatometer (After Baldi, et al., 1986)

Figure 4-6: Dilatometer (After Marchetti 1980
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fOm=

(c) " d)

Flat Dilatomete;: {a) Side View and Fromt View: {b) Blade, Control Unit
and Cable; (¢} Dilatometer Being Jacked into Ground; () Dilatometer Bsing Driven
by Down-The-Hole Wireline Hammer

Figure4-6 Continued
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Figure 4-7: Menard Pressuremeter Equipment (After NAVFAC, 1986)
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Figure 4-8: Vane Shear Test Equipment (After NAVFAC, 1986)
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Figure 8-6 Typical ranges of permeability coefficients and suggested test methods.

Figure 4-9: Permeability Test Methods (from Bowles, 1984)
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4.13 Specificationsand Standards

Subject ASTM | AASHTO FM

Standard Test Method for Penetration Test and-Split
Barrel Sampling of Soils D1586 206 i

Standard Test Method for Field Vane Shear Test in

Cohesive Soil D2573 T 223 -

Standard Test Method for Infiltration Rate of Soils in

Field Using DoubleRing Infiltrometer D3385 - -

Standard Test Method (Field Procedure) for Withdraw
and Injection Well Tests for Determining Hydraulic D4050 - -
Properties of Aquifer Systems

Standard Test Method for Energy Measurement for

Dynamic Penetrometers D4633 - -

Standard Test Methods for Prebored Pressuremeter

Testing in Soils D4719 - -

Standard Practices for Preserving and Transporting K

Core Samples D5079 i )

Standard Test Method for Performing Electronic Fricti

Cone and Piezocone Penetration Testing of Soils Do778 ) -

Standard Practice for Using the Electronic Piezocone
Penetrometer Tests for Environmental Site
Characterization and Estimation of Hydraulic
Conductivity

D6067 -

Standard Test Method for Field Measurement of

Hydraulic Conductivity D639l i

Standard Test Method for Performing the Flat Plate

Dilatometer Test D6635 - -

Standard Test Method for Use of the Dynamic Cone

Penetrometer in Shallow Pavement Applications D951 - -

Standard Test Method for Field Measurement of Soil G 57 i i
Resistivity Using the Wenner Fotilectrode Method

Standard Test Method for pH of pH of Soil and Water - - 5-550

Standard Test Method for Resistivity of Soil and Wate - - 5551

Standard Test Method for Sulfate in Soil and Water - - 5-553

Standard Test Methods for Chloride in Soil and Water - - 5-552

Standard Test Method for Determination of Mean
Permeability in the Field Using the Vertical In situ - - 5614
Permeameter (VIP)
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Chapter 5. Laboratory Tests

As with other phases of a subsurface investigation program, the laboratory testing must be
intelligently planned in advance but flexible enough to be modified based on test fEselideal

laboratory program will provide the engineer with sufficient data to complete an economical
design, yet not tie up laboratory personnel and equipment with supertiasding. The costfor
laboratorytestingis insignificantcomparedo the costof anoverconservativalesign. After July

1,2024 all laboratorytestingmustbeperformed in a qualified laboratory meeting the requirements

of t he Departmentdés Laboratory Qualification
Specification for Road and Bridge Construction Section 105.

This chapter is limited to a brief description of the tests, their purpose and the uses of the resulting
data. Detailed instructions on test procedures will be found in the References and Specifications
and Standards listed at the end of the chaptstsshallbe performed and results presented as
described in the listed References and Specifications and Standards except as stated herein. Not
every test outlined below is applicable to every projéctgineering judgment must be exercised

in setting up adsting program that will produce the information required on each specific project.

51 Soils

5.1.1 Grain-SizeAnalysis

This testis performedin two stagessieveanalysisfor coarsegrainedsoils (sands,
gravelsyandhydrometeanalysidor fine-grainedsoils(clays,silts). Soils containing
bothtypesaretestedn sequencewith thematerialpassingheNo. 200 sieve (0.075
mm or smaller) analyzed by hydrometer.

5.1.1.1 SieveAnalysis

Thistestprovidesadirectmeasuremertf the particlesizedistribution of a

soil by causing the sample to pass through a series of wire screens with
progressively smaller openings of known siZeEhe amount of material
retained on each sieve is weighed. See AASHTO T 27 or AASHTO T 311
(ASTM C136).

5.1.1.2 Hydrometer

This test is based on Stokes LaWhe diameter of a soil particle is defined

as the diameter of a sphere which has the same unit mass and which falls at
the same velocity as the particl@hus, a particle size distribution is
obtainedby usingahydrometeto measurgéhechangen specificgravity of

a soilwater suspension as soil particles settle out over time.

Resultsare reportedon a combinedgrain size distribution plot as the
percentage of sample smaller than, by weight, versus the log of the particle
diameter.Thesedataarenecessaryor a completeclassificationof the soil.
Thecurvealsoprovidesotherparameterssuchaseffectivediameter(D1o)

and coefficient of uniformity (¢). Tests shall be performed in accordance
with AASHTO T 88.

5.1.2 Moisture Content
The moisture content, w, is defined as the ratio of the weight of water in a gample
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theweightof solids. Thewet sampleis weighed,andthenovendriedto a constant
weight at a temperature of about 230(110 C). The weight after drying is the
weight of solids. The change in weight, which has occurred during drying, is
equivalent to the weight of watefor organic soils, a reduced drying temperature of
approximately 140F (60 C) is sometimes recommendekksts shall be performed

in accordance with AASHTO T 265 (ASTM2216).

The moisturecontentis valuablein determiningthe propertiesof soilsand canbe
correlatedwith otherparameters A goodtechniques to plot the moisture content
from SPT samples as a function of depth.

5.1.3 Atterberg Limits

The liquid limit, plastic limit and shrinkage limit are all Atterberg Limits. However,
for classificatiorpurposeshetermAtterbergLimits generallyrefersto the liquid and
plastic limits only.The tests for these two are described here; the shrinkage limit test
is described irBection5.1.80f this chapter.

The liquid limit (LL) is the moisture content of a soil at the boundary between

liquid andplasticstates.Theplasticlimit (PL) is themoisturecontent atheboundary
betweerthe plasticandsemisolid states. The plasticityindex (P1) is the difference
between the LL and PLThe results are generally reported as LL/PI values and can

be plotted on the same graph as the moisture content above. These values are useful
in soil classification and have been correlated with gibhesimeters.

5.1.3.1 Liquid Limit

The liquid limit is determined by ascertaining the moisture content at which
two halves of a soil cake will flow together for a distance of 0.5 inch along
the bottom of the groove separating the halves, when the bowl theyisare in
dropped25 timesfor a distanceof 0.4 inchesat therateof 2 drops/second.
Tests shall be performed in accordance with AASHTO T 89 (ASTM
D4318).

5.1.3.2 PlasticLimit

Theplasticlimit is determinedby ascertaininghelowestmoisture content at
which the material can be rolled into threads 0.125 inches in diameter
without crumbling. Testsshallbe performedn accordancevith AASHTO

T 90 (ASTM D4318).

5.1.4 SpecificGravity of Soils

The specificgravity of soil, Gs, is definedasthe ratio of the massin air of a given

volume of soil particles to the mass in air of an equal volume of gas free distilled
water at a stated temperature (typically BR The specific gravity is determined by
means of a calibrated pycnometer, by which the mass and temperature of a deaired
soil/distilled water sample is measurdasts shall be performed in accordance with
AASHTO T 100 (ASTM [854). This method is usefbr soil samplessomposeadf
particledessthantheNo. 4 U.S.standardieve (0.187 inch)For particles larger than

this sieve, use the procedures for Specific Gravity and Absorption of Coarse
Aggregate (AASHTO T 85 (ASTM ©27).
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Thespecificgravity of soilsis neededo relateaweightof soil toits volume, and it is
used in the computations of other laboratory tests.

5.1.5 Strength Tests

The shear strength of a soil is the maximum shearing stress the soil structure can
resist before failure.Soils generally derive their strength from friction between
particles (expressed as the angle of int
(expressed as the cohesion, c in units of force/unit arelagth. Theseparameters
areexpressedn the form of total stresg(c, (i Jor effective stress ¢ 9.0The total

stress on any subsurface element is produced by the overburden pressure plus any
applied loads.The effective stress equals the total stress minus the pore water
pressure.

The common methodsof ascertainingthese parametersin the laboratory are
discussedbelow. All of theseestsshouldbeperformednly onundisturbedamples.

5.1.5.1 Unconfined Compression Tests

While underno confining pressurea cylindrical sampleis subjectedo an
axialloaduntil failure. Thistestis only performedon cohesivesoils. Total
stress parameters are obtainethe cohesion is taken as ehalf the
unconfinedcompressivestrength,qu. This testis a fast and economical
means ofapproximatingthe shearstrengthat shallow depths,but the
reliability is poor with increasing depthTests shall be performed in
accordance with AASHTO T 208 (ASTMZ266).

5.1.5.2 Triaxial CompressionTests

In thistestacylindricalsamplas subjectedo anaxialloaduntil failure while
also being subjected to confining pressure approximating thiuirstress
conditions. Varioustypesof testsarepossiblewith thetriaxial apparatus as
summarized below.

5.1.5.2.1 UnconsolidatedUndrained (UU), or Q Test

In this testthe specimeris not permittedto changeits initial water
content before or during sheafThe results are total stress
parameters.

This test is used primarily in the calculation of immediate
embankment stability during quidkading conditions. Refer to
AASHTO T 296(ASTM D2850).

5.1.5.2.2 ConsolidatedUndrained (CU), or R Test

In this test the specimen is allowed to consolidate under the
confiningpressur@rior to shearputnodrainages permittedduring
shear. A minimum of three tests at different confining pressures is
required to derivethe total stressparameters.If pore pressure
measurementsare taken during testing, the effective stress
parametersanalsobederived. Referto ASTM D4767.
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5.1.5.2.3 ConsolidatedDrained (CD), or STest

This test is similar to the CU test (above) except that drainage is
permittedduring shearandtherateof sheatis very slow. Thus,the
buildup of excess pore pressure is preventedwith the CU test, a
minimum of thredestsis required. Effective stresgparametersire
obtained. Thistestis used to determine parameters for calculating
long-term stability of embankments. Refer to ASTMI31

5.1.5.3 Direct Shear

In this testa thin soil sampleis placedin a shearbox consistingof two
parallel blocks and a normal force is appli€he block remains fixed while

the other block is moved parallel to it in a horizontal directidme solil fails

by shearing along a plane that is forced to be horizoAtaéries of at least
three tests with varying normal forces is required to define the shear strength
parameters for a particular sofrhis test is typically run as a consolidated
drained test on cohesionlessmaterials. Tests shall be performed in
accordance with FM-B3080.

5.1.5.4 Miniature Vane Shear(Torvane) and PocketPenetrometer

These tests are used only as an index of the undrained shear strgngfth (S
clay samples and should not be used in place of a laboratory test program.
Both tests consist of hadteld devices that are pushed into the sample and
either a torque resistance (torvane) or a tip resistance (pocket penetrometer)
is measuredThey can be performed in the lab or in the field, typically
theendsof undisturbedhin-walledtubesamplesaswell asalong the sides

of test pits. Miniature vane shear tests shall be performed in accordance
with ASTM D4648.

5.1.6 Consolidation Test

Whenlargeloadssuchasembankmentareappliedto the surface cohesive subsoils

will consolidate, i.e., settle over time, through a combination of the rearrangement of
the individual particles and the squeezing out of waldre amountand rate of
settlements of greatimportancen construction.Forexample, an embankment may
settle until a gap exists between an approach and a bridge abutimertlculation

of settlement involves many factors, including the magnitude of the load, the effect
of the load at the depth at whidompressible soils exist, the water table, and
characteristics of the soil itself. Consolidattestingis performedto ascertairthe
natureof thesecharacteristics.

5.16.1.1 One-Dimensional Test

The most often used method of consolidation testing is the one
dimensional test. In this test, a specimen is placed in a

consolidometer (oedometer) between two porous stones, which
permit drainage. Specimen size can vary depending on the

equipment usedVarious loading procedures can be used during a
onedimensional test with incremental loading being the most
common. With this procedure the specimen is subjected to
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increasing loads, usually beginning at approximately 1/16 tsf and
doubling each incremenpto 16tsf. After eachloadapplicatiorthe
changein sampleheight is monitored incrementally for, generally,
24 hours or more to clearly identifyod and creep consolidation
characteristics.To evaluate the recompression parameters of the
sample, an unload/reload cycle can be performed during the loading
schedule.To better evaluate the recompression parameters for over
consolidated clays, the unload/reload cyol@y be performed after

the preconsolidation pressure has been defiAédr the maximum
loading has been reached, the loading is removed in decrements.
Tests shall be performed in accordance with AASHTO T 216
(ASTM D2435).

The data from a consolidation test is usually presented oflan e

p curvewhichplotsvoid ratio (e) asafunctionof thelog of pressure
(p),oran-l g p curve wherTaeparametgrsial s 9
necessary for settlement calculation can be derived from these
curves: compression index  recompressionindex (Cp),
preconsolidatiorpressurgpo or Pc) andinitial void ratio (e)). A
separatglot is preparedf changan sampleheightversus log time

for each load increment; from this, the coefficient of consolidation
(cv) and coefficient of secondary compressiop) (€an be derived.
These parameters are used to predict the rate of primary settlement
and amount of secondary compression.

For high organic materials (organic content greater than 50%),
FDOT-sponsored studies have shown that end of primary
consolidatioroccursquickly in the laboratory and field, and that a
major portion of the total settlement is due to secondary and tertiary
compression (creep)As a result, differentiating between primary
consolidation and creep settl eme
settlement versus time plots can be very difficult and generate
misleading results. To analyze results from oftdmensional
consolidation tests for these types of materials, use the Square Root
(Taylor) Method to identify the end of primary consolidation for
each load sequenci&ach load sequenceustbe maintainedor 24
hoursor moreto identify the slopesof the secondarandtertiary
compressiomortionsof thesettlementersugime plot.

5.1.6.2 ConstantRate of Strain Test

Otherloading methodsinclude the ConstantRateof Strain Test(ASTM
D4186) in which the sample is subjected to a constantly changing load while
maintaining a constant rate of strain; and the sihgieement test,
sometimes used for organic soils, in which the sample is subjected only to
the load expected in the field. direct analogy is drawn between laboratory
consolidation and field settlement amounts and rates.

55



5.1.7 Organic Content

Organic soils demonstrate very poor engineering characteristics, most notably low
strength and high compressibilityn the field these soils can usually be identified

by their dark color, musty odor and low unit weigfihe most used laboratory test

for design purposes is the Ilgnition Loss
mass burns off when placed in a muffle furnadde results ar@resentedasa
percentagef the total samplemass. Testsshall be performedin accordance with

AASHTO T 267 (ASM D2974).

5.1.8 Shrinkage and Swell
5.1.8.1 Shrinkage

Thesedestsareperformedo determinghelimits of as o itdndescyto lose
volumeduring decreasesr moisturecontent. The shrinkageimit (SL) is
defined as the maximum water content at which a reduction in water content
will not causea decreasan volume of the soil mass. Tests shall be
performed in accordance with ASTMADA43.

5.1.8.2 Swell

Some soils, particularly those containing montmorillonite clay, tend to
increase their volume when their moisture content increaBesse soils
are unsuitable for roadway constructiomhe swell potential can be
estimated from the test methods shown in AASHTO T 258 (ASTRI94B).

5.1.9 Permeability

The laboratorydeterminationof soil permeabilitycanbe performedby one ofthe
following test methods. Permeabilitycan also be determinedeither directly or
indirectly from a consolidation test.

5.1.9.1 ConstantHead Test

This test uses a permeameter into which the sample is placed and compacted
to the desired relative densitWater (preferably daired) is introduced via

an inlet valve until the sample is saturat&dater is then allowed to flow
through the sample while a constant head is maintaifiee.permeability

is measuredby thequantityof flow of dischargeoveraspecified time.This
methodis generallypreferredfor usewith coarsegrainedsoilswith k >103

cm/sec (Bowles 1984).Tests shall be performed in acdance with
AASHTO T 215 (ASTM 3856 or ASTM [2434).

5.1.9.2 Falling-Head Test

This test uses an apparatus and procedure similar to the cedmestaintest
(above), but the head is not kept constdie permeability is measured by
thedecreasé headoveraspecifiedtime. This methodis oftenconsidered
more economical for tests of long duration, such as tests owranmeed
soils with k between 5x1®and 16 cm/sec (Bowles 1984)Tests shall be
performed in accordance with FM3.3.
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5.1.9.3 Flexible Wall Permeability

For fine-grainedsoils, testsperformedusing a triaxial cell are generally
preferred. In situ conditions can be modeled by application of an
appropriate confining pressurd.he sample can be saturated using back
pressuring techniquedVater is then allowed to flow through the sample
and measurements are taken until stestdje conditions occur. Tests shall
be performed in accordance with ASTNb@B4.

5.1.10 Environmental Corrosion Tests

Thesdestsareperformedo determinghecorrosiorclassificatiorof soil andwater.
A seriesof testsincludespH, resistivity, chloride content,and sulfate content
testing. The testing can be done either in the laboratory or in the field.

Seethe Environmental Corrosion Tests sectionin Chapter 4for a list of test
procedures. Corrosion testing must be performed for each site unless the most
aggressive conditions are assumed.

5.1.11 CompactionTests

Thesetestsare usedto determinethe optimumwater contentand maximum dry
density, which can be achieved for a particular soil using a designated compactive
effort. Results are used to determine appropriate methods of field compaction and
to provide a standard by which to judge the acceptability of é@hdpaction.

The test is performed bgompacting a sample in a test mold of known volume
using a specified compactive effofthe water content and the weight of the sample
required to fill the mold are determineldesults are plotted as density versaser
content.By varyingthewatercontentof thesampleseverapoints orthemoisture
density curve shall be obtainedin accordancewith the standard procedures
specified.

Thecompactiveesffort usedis dependentiponthe proposedurposeof the site and

the loading to which it will be subjecte@he most commonly used laboratory test
compactive efforts are described below.

5.1.11.1 Standard Proctor

This testmethodusesa 5.5-poundrammerdroppedfrom a height of 12
inches. The sample is compacted in three laydrssts shall be performed
in accordance with FM-T 099.

5.1.11.2 Modified Proctor

This test methodusesa 10-poundrammerdroppedfrom a height of 18
inches. The sample is compacted in five layefi®sts shall be performed
in accordance with FM-T 180.

5.1.12 Relative Density Tests

Proctor tests often do not produce a vdefined moistura@ensity curve for
cohesionless, fredraining soils. Additionally, maximum densities from Proctor
testsmaybelessthanthoseobtainedn thefield or by vibratorymethods. For these
soils, it may be preferable to perform tests, which determine standard maximum
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and minimum densities of the soillhe density of the irsitu soil can then be
compared with these maximum and minimum densities and its relative density
and/or percent compaction can be calculated.

5.1.12.1 Maximum Index Density

This testrequiresthat eitherovendried or wet soil be placedin a mold of
knownvolume,andthata 2-psi surchargdoadis applied. Themoldis then
vertically vibrated at a specified frequency for a specified tifite weight
and volume of the sample after vibrating are used to calculate the maximum
index density.Tests shall be performed in accordance with ASTA25B.

5.1.12.2 Minimum Index Density

This test is performed to establish the loosest condition, which can be
attained by standard laboratory procedur@sveral methods can be used,
but thepreferredmethodis to carefully poura steadystreamof ovendried

soil into a mold of known volume through a funné&unnel height should

be adjusted continuously to maintain a free fall of the soil of approximately
0.5 inchesTestsshallbeperformedn accordancevith ASTM D4254.

5.1.13 Limerock Bearing Ratio (LBR)

This testis usedto determinghe bearingvalueof limerockandothersoils, which
are used as basadstabilized subgrade in Florida.

A minimumof four, andpreferablyfive, sampless compactedt varying moisture
contents to establish a moisttdensity curve for the material.

Compactiorproceduresresimilar to thoseof the modified Proctortest. Thereare

two options, the soaked and the unsoaked methods. For the soaked method, the
samplesaresoakedor a periodof 48 hoursundera surcharganassof atleast2.5

Ib. Fortheunsoakednethodthe samplesaretestedwithout any soakperiod.For

both methods a penetration test is then performed on each sample by causing a 1.95
inch diameter piston to penetrate the soil at a constant rate and to a depth of

0.5 inches. A load-penetration curve is plotted for each sample and the LBR
corresponding to O-Inch penetration is calculatedihe maximum LBR for a
materialis determinedrom a plot of LBR versusmoisturecontent.Testsshallbe
performed in accordance with FM3.5.

5.1.14 ResilientModulus Test(Dynamic)

This test is used to determine the dynamic elastic modulus of a base or subgrade
soil under conditions that represent a reasonable simulation of the physical
conditions and stress states of such materials under flexible pavements subjected to
wheel loads.A prepared cylindrical sample is placed in a triaxial chanaoer
conditionedunderstaticor dynamicstressesA repeatexial stress is then applied

at a fixed magnitude, duration, and frequendyhe resilient modulus, M is
calculated by dividing the deviator stress by the resilient axial sffaiis.valueis

usedn thedesignandevaluatiorof pavemensystems.Tests shall be performed in
accordance with AASHTO T 307.
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5.2

Rock Cores

Laboratorytestson rock areperformedon smallsampleof intactcores.However,the
propertief in siturockareoftendeterminedy thepresencef joints, bedding planes,
etc. It is also important that the rock cores come from the zone thiiuhdationsare
foundedin. Laboratorytestresultsmustthereforebe consideredn conjunction with
knowledge of the irsitu characteristics of the rock masme of the more common
laboratory tests are:

5.2.1 Unconfined CompressionTest

This test is performed on intact rock core specimens, which preferably have a length
of at least two times the diametdihe specimen is placed in the testing machine and
loaded axially at an approximately constant rate such that failure occurs within 2 to
15 minutesNote: the testing machine must be of the propesizefor the samples
beingtested.Testsshallbeperformedn accordance with ASTM 2012.

5.2.2 Absorption and Bulk SpecificGravity

Absorption is a measure of the amount of water, which an initially dry specimen can
absorb during a 4Bour soaking periodt is indicative of the porositgf thesample.

Bulk specificgravity is usedto calculatethe unit weightof the material.Tests shall

be performed in accordance with ASTMTC

5.2.3 Splitting TensileStrength Test

This test is an indirect tensile strength test similar to the point load test; hotlever,
compressivdoadsareline loadsappliedparallelto thec o r axiéby steelbearing
plates betweenwhich the specimenis placed horizontally. Loading is applied
continuously such that failure occurs within one to ten minudths. splittingtensile
strengthof the specimens calculatedrom theresults. Testsshall be performed in
accordance with ASTM BB67 except that the minimum t/Blength-to-diameter)
ratio shall be 1.0 when testing

5.2.4 Triaxial CompressionStrength

This testis performedto provide shearingstrengthsand elasticproperties of rock
under a confining pressurdt is commonly used to simulate the stressditions
underwhichtherockexistsin thefield. Testsshallbeperformedn accordance with
ASTM D7012.

5.2.5 Unit Weight of Sample

This is a direct determinationof eitherthe moist or total weight of the rock core
sample divided by the total cylindrical volume of the intact sample (for the
total/moistunit weight),or theovendriedweightdividedby thetotal volume(for the

dry unit weight).This measurement includes any voids or pore spaces in the sample,
andthereforecanbearelativeindicatorof the strengthof the coresample. Samples
shouldbetestecatthemoisturecontentepresentativef field conditions, and samples
should be preserved until time of testingoisture contents shall be performed in
accordance with ASTM BR16.

5.2.6 Rock Scour Rate Determination
A rotating erosion test apparatus (RETA) was developed during research sponsored
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5.3

5.4

by the Department to measure the erosion of intact 4 inch long by 2 drihairch
diameterock coresamples.Resultdrom thesetestscanbeusedio model the
erodibility of cohesive soils and soft rock and estimate scour dafgtiesnareduced
scoursusceptibilityis suspected;ontactheDistrict Geotechnical Engineer
regardingheavailability of RETA testingfor site-specifichardclay or rock scour
determination.
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Specificationsand Standards

Subject ASTM | AASHTO FM

Standard Test Method for Coefficient of i i 5513
Permeability- Falling Head

Standard Test Method for Limerock Bearing

Ratio (LBR) ] ) >o15

Standard Test Method for Determining the
Resilient Modulus of Soils and Aggregate - T 307 -
Materials

Standard Test Methods for Absorption and B

Specific Gravity of Dimension Stone €97 ) ]

Standard Test Method for Specific Gravity an

Absorption of Coarse Aggregate cl27 785 1-T85

Standard Test Method for Sieve Analysis of

Fine and Coarse Aggregate C136 T27 -

Standard Test Method for GraBize Analysis

of Granular Soil Materials - T311 -

Standard Test Method for Partickize

Analysis of Soils - T 88 -

Standard Test Method for Shrinkage Factors

Soils by the Wax Method D4943 - -

Standard Test Method for Laboratory
Compaction Characteristics of Soil Using
Standard Effort (12,400-fbf/ft3 (600 kN-
m/m3))

1-T 099

Standard Test Method for Specific Gravity of

Soils D854 T 100 -
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Subject

ASTM

AASHTO

FM

Standard Test Method for Laboratory
Compaction Characteristics of Soil Using
Modified Effort (56,000 fibf/ft3 (2,700 kN
m/m3))

1-T 180

Standard Test Method for Unconfined
Compressive Strength of Cohesive Soil

D2166

T 208

Standard Test Method for Laboratory
Determination of Water (Moisture) Content o
Soil and Rock

D2216

T 265

Standard Test Method for Permeability of
Granular Soils (Constant Head)

D2434

T 215

Standard Test Method for Ofimensional
Consolidation Properties of Soils

D2435

T 216

Standard Test Method for Unconsolidated,
Undrained Compressive Strength of Cohesiv
Soils in Triaxial Compression

D2850

T 296

Standard Test Methods for Moisture, Ash, an
Organic Matter of Peat and Other Organic S¢

D2974

T 267

1-T 267

Standard Test Method for Direct Shear Test
Soils Under Consolidated Drained Conditiong

3-D3080

Standard Test Method for Splitting Tensile
Strength of Intact Rock Core Specimens

D3967

Standard Test Method for Ofi@mensional
Consolidation Properties of Soils Using
ControlledStrain Loading

D4186

Standard Test Methods for Maximum Index
Density and Unit Weight of Soils Using a
Vibratory Table

D4253

Standard Test Method for Minimum Index
Density and Unit Weight of Soils and
Calculation of Relative Density

D4254

Standard Test Method for Liquid Limit, Plasti
Limit, and Plasticity Index of Soils

D4318

T89 &
T90

Standard Test Methods for Gb@mensional
Swell or Settlement Potential of Cohesive So

D4546

T 258

Standard Test Method for Laboratory Miniatu
Vane Shear Test for Saturated FBmined
Clayey Soil

D4648

Standard Test Method for Consolidated
Undrained Triaxial Compression Test for
Cohesive Soils

D4767

Standard Practices for Preserving and

Transporting Rock Core Samples

D5079
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Subject

ASTM

AASHTO

FM

Standard Test Method for Measurement of
Hydraulic Conductivity of Saturated Porous
Materials Using a Flexible Wall Permeamete

D5084

Standard Test Method for Measurement of
Hydraulic Conductivity of Porous Material
Using a RigidWall, CompactioAviold
Permeameter

D5856

Standard Test Method for Compressive
Strength and Elastic Moduli of Intact Rock
Core Specimens under Varying States of Str
and Temperatures

D7012

Standard Test Method for Consolidated,
Drained Triaxial Compression Test for Soils

D7181
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Chapter 6: Materials Description, Classification,and Logging

During field exploration a log must be kept of the materials encounteékdikld engineer, a
geologist, or the driller usually keeps the field loBetails of the subsurface conditions
encountered, including basic material descriptions, and details of the drilling and sampling
methods should be recordetlpon delivery of the samples to the laborat@myexperienced
technicianwill generallyverify or modify materialdescriptions andlassificationshasedon the
resultsof laboratorytesting and/or detailedvisuatmanual inspection of samples. See ASTM
D5434.

Material descriptions,classifications,and other information obtained during the subsurface
explorations are heavily relied upon throughout the remainder of the investigedgnamand
duringthedesignandconstructiorphase®f aproject. It is therefore necessary that the method of
reporting this data is standardizéRlecords of subsurface explorations should follow as closely as
possible the standardized format presented in this chapter.

6.1 Materials Description and Classification

A detailed description for each material stratum encountered should be included on the
log. The extent of detail will be somewhat dependent upon the matsekkandon
thepurposeof theproject. However thedescriptionshouldbe sufficiently detailed to
provide the engineer with an understanding of the material pragetsite. Sinceit

is rarelypossibleto testall of the samplesbtainedduring an exploration program, the
descriptions should be sufficiently detailed to permit grouping of similar materials and
choice of representative samples for testing.

6.1.1 Soils

Soils should be described in general accordance with the Description and
Identification of Soils (Visual Manual Procedure) of ASTM Z488. This

procedure employs visual examination and simple manual tests to identify soil
characteristicayhich arethenincludedin the materialdescription.For example,
estimate®f grain-sizedistributionby visualexaminatiorindicatewhetherthesoil is
fine-grained or coarsgrained.Manual tests for dry strength, dilatancy, toughness,
and plasticity indicate the type of fhggained soil.Organics are identified by color
and odor.A detailed soil description should comply with the following format:
Color, ConstituentsGrading Relative Density or Consistendyloisture Content
Particle Angularity and ShapAdditional Descriptive TermsandClassification

6.1.1.1 Color

The color description is restricted to two colofEmore than two colors
exist, the soil shouldbe describedasmulti-coloredor mottledandthe two
predominant colors given.

6.1.1.2 Constituents

Constituents are identified considering grain size distribution and the results
of the manual tests.In addition to the principal constituent, other
constituents which may affect the engineering properties of the soil should
be identified. Secondary constituents are generally indicated as modifiers
to the principalconstituent(i.e., sandy clay or silty gravel). Other
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6.1.1.3

6.1.1.3.1

6.1.1.3.2

6.1.1.4

constituentanbe included in the description using the terminology of
ASTM D2488 through the use of terms such as trace (<5%), 0%,
little (15-25%), some (3045%) and mostly (5200%).

Grading
CoarseGrained Soils
Coarsegrainedsoilsaredefinedasthe following

Soil contains a good representation of all
particle sizes from largest to smallest.

Soil contains particles about the same size.
soil of this type is sometimes described as
being uniform.

Soil does not contain one or more intermedi
particles sizes. A soil consisting of gravel an
fine sand would be gap graded because of t
absence of medium and coarse sand sizes.

Well-Graded

Poorly-Graded

GapGraded

Fine-Grained Soll
Descriptionsof fine-grainedsoilsshouldnotincludeagrading.
Relative Density and Consistency

Relativedensityrefersto thedegreeof compactnessf acoarsegrained soil.
Consistency refers to the stiffness of a fgrained soil. When evaluating
subsoil conditions using correlations based on safety hammer SPT tests,
SPT-N values obtained using an automatic hammer should be increased by
a factor of 1.24 to produce the equivalent safety hammerNsRalue.
However,only actualfield recorded(uncorrected SPT-N valuesshall be
included on theReport of Core Borings Sheet.

StandardPenetrationTest N-values(blows per foot) are usually usedto
define the relative density and consistency as follows:

Table6-1: Relative Density or Consistency

Granular Materials
Safety Hammer SPTN Automatic Hammer SP1
Relative Density Value N-Value
(Blow/Foot) (Blow/Foot)
Very Loose Less than 4 Less than 3
Loose 47 10 31 8
Medium Dense 107 30 81 24
Dense 3071 50 247 40
Very Dense Greater than 50 Greater than 40
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Silts and Clays
Safety Hammer SPTN Automatic Hammer SP1
Consistency Value N-Value
(Blow/Foot) (Blow/Foot)

Very Soft Less than 2 Lessthan 1

Soft 21 4 17 3

Firm 47 8 316

Stiff 81 15 671 12
Very Stiff 1571 30 1271 24

Hard Greater than 30 Greater than 24

If SPTdatais notavailable consistencyanbe estimatedn thefield based
on visuakmanualexaminationof the material. Referto ASTM D2488 for
consistency criteria.

Thepocketpenetrometeandtorvanedevicesmaybeusedin thefield as an
index of the remolded undrained shear strength of clay sangdesSection
5154

6.1.1.5 Friction Anglevs.SPT-N

Variouspublishedcorrelationsestimatethe angleof internalfriction, U, of
cohesionless soils based on SRTvalues and effective overburden
pressureSome of these correlations are widely accepted whereas others are
more likely to overestimate triaxial test data.the absence of laboratory

shear strength testing, estimates for cohesionless soils, based onISPT

shall not exceed the values proposed by Peck, 197i(pae6-1). These

valuesare basedon SPT-N valuesobtainedat an effective overburden

pressure of one ton per square fobhe correction factor, ; proposed by

Peck, 1974 (sekigure6-2) may be used to Acorrect
overburden pressures other than 1 tsf.

6.1.1.6 Moisture Content

Thein situmoisturecontentof a soil shouldbedescribedasdry, moist,or
wet.

6.1.1.7 Particle Angularity and Shape

Coarsegrained soils are described as angular;audular, subroundedpr
rounded.Gravel,cobblesandboulderscanbedescribedasflat, elongated,
or flat and elongatedDescriptions of finggrained soils will not include a
particle angularity or shape.

6.1.1.8  Organic Content

The organic content of materials can greatly alter its engineering properties.
In generalmaterialsvith anorganiccontengreatethan5%are considered
unsuitable for use in roadway embankmemtssome instancesnaterials

with lesser organic contents are desir€thssify organic soils dsllows:
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6.1.1.9

6.1.1.10

T

OrganicMaterial= O.C.> 5% but< 20%

A Highly Organic Material = O.C. > 20 but < 75%; highly organic
materialsaareoftenreferredo asii mu dnkotherFDOTdocuments.

A Peat= 0.C.> 75% (whichis definedin ASTM D4427)
Additional Descriptive Terms

Any additionaldescriptivetermsconsideredo be helpfulin identifying the
soil should be includedExamples of such terms include calcareous,
cemented, micaceous and grittylaterial origins or local names should be
included in parentheses (i.e., fill, ironrock).

Thetermfi ¢ | ® a mgktammonlyusedio describeA-3 sandwhichis free
of organics, debris, clay lumps, etc.

Classification

A soil classificationshould permit the engineerto easily relate the soll
description to its behavior characteristics. All soils should be classified
according to one of the following two systems.

6.1.1.10.1  Unified Soil Classification System(USCS)

This system is used primarily for engineering purposes and is
particularly useful to the GeotechnicaEngineer. Therefore,they
shouldbe used for all structuraklated projects; such as bridges,
retaining walls, buildings, etdPrecise classification requires that a
grain size analysis and Atterberg Limits tests be performed on the
sample. The method is discusséu detailin ASTM D2487anda
summaryis reprintedin Figure6-3 for convenience.

6.1.1.10.2 AASHTO Classification System

6.1.2 Rocks

This system is used generally to classify soils for highway
constructionpurposesand thereforewill most often be usedin
conjunction with roadway soil surveys.ike the Unified System,
this system requires grasizeanalysisandAtterbergLimit testsfor
preciseclassification.The system is discussed in detail in AASHTO
M 145 (ASTM [8282), and a summary is reprintedFigure 6-4

for convenience.

In Florida, only sedimentary rocks are encountered within the practical depths
structure foundations. Descriptionsof sedimentaryrocks are basedon visual
observations and simple test®escriptions should comply with the following
format: Color, ConstituentsWeathering Grain Size Cementationand Additional
DescriptiveTerms
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As with soils, the description should be limited to t
predominant colors.

The principal constituent is the rock type constituting the m
portion of the stratum being investigated. Since the forma
encountered in Florida normally consist of only one rock t
the use of modifying constituents will generally not
applicable; however, when more than one rock type is prese
any given formation, both should be included in the descrip
The degree of weathering should be described. Clas
classification systems do not apply to Florida rock.
Classical classification systems do not apply to Florida rock
not include subjective descriptions of rock hardness. Inc
only the objective indicators of the rock hardness (8R/&lues,
excessive drilling time and down pressure, results of caiade
Hardness | etc.) that would lead others to your subjective conclusi

Color

Constituents

Weathering

I n historic documents MfAsof
materials containing limestone or limerock fragments with-S
N less than or equal to 50 blows per foot.

Include the name of the geologic formation in parentheses

Formation L
the description of the sample.
Additional Use any additional terms that will aid in describing the type
o condition of the rock being described. Terms such
Description " ) . .
fossiliferous, friable, indurated, and micaceous are to be
Terms :
where applicable.
6.2 Logging

The standard boring log included Rigjure 6-5, or its equivalent as approved by the
District Geotechnical Engineer, shall be used for all borings and testdpgample
completed log is included &gure6-6. The majority of information to be includexh
this form is self-explanatory. Information that should be presentedn the remarks
column includes:

6.2.1 Commentson Drilling Proceduresand/or Problems

Any occurrencesyhichmayindicatecharacteristicef thein situmaterial, should be
reported. Such occurrences include obstructions; difficulties in drilling such as
caving, flowing sands, caverns, loss of drilling fluid, falling drill rods, change in
drilling method and termination of boring above planned depth.

6.2.2 TestResults
Results of tests performed on samples in the field, such as pocket penetmymeter
torvanetestsshouldbenoted. Resultof testsonin situ materials, such as field vane
tests, should also be recorded.

6.2.3 Rock Quality Designation(RQD)
In addition to the percent recovery, the RQD should be recorded for eadaturtore
RQDis amodifiedcorerecoverywhichis bestusedon NX sizecoreor larger (HW
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is FDOT minimum size allowed)t describes the quality of rock based on the degree
and amount of natural fracturingpetermined the RQD by summing the lengths of
all core pieces equal to or longer than 4 inches (ignoring ifregjularbreakscaused

by drilling) anddividing thatsumby thetotal length of the core run.

ExpressingheRQD asapercentageherockquality is describedsfollows:

Description of
RQD (%) Rock (%uality
0-25 Very poor
25-50 Poor
50-75 Fair
7571 90 Good
90- 100 Excellent
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Soil Classification

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests? Group Group Namo®
Symbol
COARSE-GRAINED Gravels Clean Gravels Cu = 4.0 and GwW Wall-graded gravel®
SOILS {Mora than 50 % _ (Less than 5% fines®) 1 =Cc =307
g:_lcoarsu frastion retainad Cu = 4.0 andfor GP Poorly graded gravel®
o
No. 4 sieve) [Cc < 1 or Ce = 3.00
Gravels with Finas Fines classify as ML or GM Silty gravel="
(More than 12 % fines®) MH
Fines classify as CL or GC Clayey gravelcTo
Mora than 50 % cH
retained on No. 200 sieve “g3n45 Clean Sands Cu=60and SW Well-graded sand’
(50 % or more of coarse  (Less than 5 % fines' ) 1.0 = Cc = 3.07
fraction passes Cu < 6.0 andfor sP Poorly graded sand’
No. 4 sieva) [Ce = 1.0 orCe > 3.01°
Sands with Fines Fines classify as ML or SM Silty sand™ ="
(More than 12 % fines™) MH
Fines classify as CL or SC Clayey sand™ ="
CH
FINE-GRAINED SOILS  Silts and Clays inorganic Pl > 7 and plots on or CL Loan clay™—™
above “A” line”
Liquid lirnit Pl < 4 or plots below “A” ML Sl LM
less than 50 ling”
organic A = < 0.75 oL Qrganic clar‘_': LM
50 % OF Moo Liquid limiit - not died rganic st
passes the Mo. 200 sieve Silts and Clays inorganic PI plots on or above “A” CH Fat clay® =M
line
Liquid lirnit Pl plots below “A™ line MH Elastic siltc--M
50 or more
- Tigad Tt — owan aeed i LML P
arganic Tl Tt o = 0.75 CH 8rgm$:g g:lay_"[ o
HIGHLY ORGANIC SOILS Primarily crganic matter, dark in color, and crganic odor PT Peat

OCu=D oo/ Dy Ce=

9P| plots below “A” line.

“Based on the material passing the 3-in. (75-mm) sieve.
Bif field sample contained cobbles or boulders, or both, add “with cobbles or boulders, or both” to group name.
SGravels with 5 to 12 % fines require dual symbols:
GW-GM well-graded gravel with silt
GW-GC well-graded gravel with clay
GP-GM poorly graded gravel with silt
GP-GC poorly graded gravel with clay
(D =)
DD o
Eif soil contains =15 % sand, add “with sand” to group name.
FIf fines classify as CL-ML, use dual symbol GC-GM, or SC-SM.
Zlf fines are organic, add “with organic fines” to group name.
HSands with 5 to 12 % fines require dual symbols:
SW-SM well-graded sand with silt
SW-SC wellgraded sand with clay
SP-5M poorly graded sand with silt
SP-5C poorly graded sand with clay
it s0il containg =15 % gravel, add “with gravel fo group nama.
“If Atterberg limits plot in hatched area, soil is a CL-ML, silty clay.
i soil containe 15 to <30 % plus No. 200, add “with sand™ or “with gravel,” whichaver is prodominant.
f soil contains =30 % plus No. 200, predominantly sand, add “sandy” to group name.
Mif soil contains =30 % plus No. 200, predominantly gravel, add “gravelly” to group name.
Mp| = 4 and plots on or above “A” line.
“Pl < 4 or plots below “A7 line.
PP plots on or above “A” line.

Figure 6-3: Unified Soil Classification System (After ASTM D2487, 2017
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Table 1—Classification of Soils and Soil-Aggregate Mixtures

Silt—Clay Materials

Granular Materials

(More Than 35 Percent Passing 75 pm)

General Classification (35 Percent or Less Passing 75 pm)
Group Classification A-1 A-37 A2 A-4 A5 A-6 A-7
Sieve analysis, percent passing:
2.00 mm (No. 10) — — — — — — —
0.425 mm (No. 40) 50 max 51 min — — — — —
75 pum (No. 200) 25 max 10 max 35 max 36 min 36 min 36 min 36 min
Characteristics of fraction passing 0.425 mm (No. 40):
Liquid limit — 40 max 41 min 40 max 41 min
Plasticity index 6 max Nonplastic 5 10 max 10 max 11 mun 11 min
(NP)
General rating as subgrade Excellent to Good Fair to Poor
@ The placing of A-3 before A-2 is necessary in the “left to right elimination process” and does not indicate superiority of A-3 over A-2.
?  See Table 2 for values.
Table 2—Classification of Soils and Soil-Aggregate Mixtures
) . Granular Materials Silt—Clay Materials
General Classification (35 Percent or Less Passing 75 pum) (More Than 35 Percent Passing 75 pm)
Al A2 AT
A-T-5,
Group Classification Ala Al1b A3 A24 AD2S5 A26 A2T7 A4 A5 A6 A6
Sieve analysis. percent passing:
2.00 mm (No. 10) 50 max — — — — — — — — — —
0.425 mm (No. 40) 30max S50max  Slmin — — — — — — — —
75 um (No. 200) 15max  25max 10max 35max 35max 35max 35max  36min 36 min 36 min 36 mun
Characteristics of fraction passing 0.425 mm (No. 40):
Liquid limit — — 40 max 41min  40max  41lmm 40max  4loun 40 max 41 mun
Plasticity mdex 6 max NP 10 max 10max 1lmm 1lmm 10max 10max 11mmn 11 min®
Usual types of significant constituent materials Stone fragments, Fine
sand Silty or clayey gravel and sand Silty soils Clayey soils
Fair to Poor

gravel and sand
Excellent to Good

General rating as subgrade

?  Plasticity index of A-7-5 subgroup is equal to or less than LL —

30. Plasticity index of A-7-6 subgroup is greater than LL — 30 (See Figure 2.)

Figure 6-4: AASHTO Soil Classification System (AASHTO M 145, 2025)
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Note: A-2 Soils contain less than 35 percent finer than the 75-pm (No. 200) sieve.
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Figure 6-4: AASHTO Soil Classification System (AASHTO M 145, 202&)inued
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STATE OF FLORIDA DEPARTMENT OF TRANEFORTATION FORM eT5-120-12
FIELD BORING LOG M=~
SHEET OF
PROJECT NO. NAME COUNTY DISTRICT
LOCATION TOWNSHIP RANGE SECTION
ROAD NUMBER SURFACE ELEVATION
EQUIPMENT TYPE RIG NO. BORING NO.
DATE STARTED COMPLETED DRILLED BY
LOGGED BY BORIMG TYPE: AUGER, WASHED, PERCUSSION, ROTARY,
CASED, UNCASED, DRILLING MUD,
WATER TABLE: OHR. 24 HRS. HRS.
SAMPLE CONDITIONS: DisTURpEp SAMPLETYPES: , o TESTS:\yc. WATER CONTENT (%)
124 cooo SB: SPLIT BARREL T TORVANE (TSF)
V. IN-SITU VANE TEST (TSF)
LOST S.  SHELBY TUBE
CORE SAMPLE RC: ROCK CORE SIZE
ELEv. | DEPTH | sPT pAMPLES
W, =N B o T -
| 7 | sows MATERIAL DESCRIPTION o | No. [Rec.| TESTS REMARKS
| Tvee | )
I I

Figure 6-5: Field Boring Log Form




STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION

 FORM 675-020-12
FIELD BORING LOG MATERIALS - 05/9%
SHEFT L OF 3
"PROJECT NO, _79100-1523 'NAME _SR-40 over Tomoka River  COUNTY _Volusia DISTRICT _5
LOCATION _STA 14+80, 25 #RTCLSurvey ~ TOWNSHIP _]48  RANGE _31E SECTION 25
ROAD NUMBER _SR-40 'SURFACE ELEVATION _+422.6 ft NGVD
EQUIPMENT TYPE _CME-45, Autornatic Hammer RIG NO. _7476 BORING NO._4
DATE STARTED _8/27/90 COMPLETED _8/28/90 DRILLED BY _Jenkins
LOGGED BY _Dawson BORING TYPE:  (AUGER)WASHED, PERCUSSION, ROTARY,
WATER TABLE: OHR. 4.2f 24HRS. 4.2 HRS. (GASED) UNCASED. DRILLING MUD, To 14.5 1
SAMPLE CONDITIONS: | DISTURBED SAMPLE T)‘,'E,Eﬁ'.. A: AUGER TESTS: 'W.C.. WATER CONTENT (%)
GOOD SB: SPLIT BARREL T: TORVANE (TSF)
LOST S: SHELBY TUBE ] V: IN-SITU VANE TEST (TSF)
CORE SAMPLE RC: ROCK CORE_NX SIZE
ELEV. DEPTH | ¢ . _ SAMPLES
(FT.) | (FT.) BLOWS MATERIAL DESCRIPTION con. | NO. |REC| TESTS REMARKS
22.6 " | TYPE | (%)
2  Light Brown Fine SAND, Foorly Graded, — T
3 Loose to Compact, Moist to Wet, | sB| 50 1
[; Sub-Angular (5P} 1 ]
s B I
7 | sB| & 1
] 2 _
176 | S
0
0 " Durk Brown Sandy SILT, some Wood, | "58-| 20 :_ " Advanced 12° Under Weight of Hamamer
i Wery Loose, Wet, Fibrous (Muck) 3 |
(ML) - .
1 — :_
1 | se| w0 1
2 Reddish-Brown Silty CLAY, Trace Sand 4
126 |10 and Shell, Soft to Firm, Wet (CL) ]
| 511 100 | T=04 ﬁ'_
n —_—
—
3 3B- 100 .
4 B ]
12 |
1.6 [15 16 SB-| 40
25 Tan LIMESTONE, Highly to Moderutely 6 ]
Weathered, Soft B 1.
| ke : RQD = 38%
1
] " Loss of Water 1 17.8
26 |20 46 sB-| 30 = " Boring Terminsted st 20,5 fi
5003° 7 Backfilled 5/28/50

Figure 6-6: Typical Boring Log
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6.3 References

1. CheneyRichardS.& ChassieRonaldG., SoilsandFoundationdVorkshop
Manuali Second EditionFHWA HI-88-009, 1993.

2. NAVFAC DM-7.1-Soil MechanicsDepartmenbf theNavy, NavalFacilities
Engineering Command, 1986.

3. Munfakh,George Arman,Ara, SamtaniNareshandCastelli,Raymond,
Subsurface InvestigationSHWA-HI-97-021, 1997.

6.4  Specificationsand Standards

Subject ASTM AASHTO

Standard Classification of Soils for Engineering D 2487 i
Purposes (Unified Soil Classification System)

Standard Practice for Description and

Identification of Soils (VisuaManual Procedure) D 2488 }

Standard Classification of Soils and Soil
Aggregate Mixtures for Highway Construction D 3282 M 145
Purposes

Standard Guide for Field Logging of Subsurface
Explorations of Soil and Rock

D 5434 -
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7.1

Chapter 7: Field Instrumentation

Instrumentation

Field instrumentation can be used on major projects during the analysis and design
phaseto assistthe engineerin refinementof the design. An instrumentedtest
embankment constructed during the preliminary stages of a project to assist in
settlement prediction is an example.

On projectswhere analysishas indicated potential problemswith embankment or
structure settlement or stability, construction must be monitored through the use of field
instrumentation. The location of such instrumentation should be included in the
foundation design.This instrumentation allows the engineer to assess the settlement
rate and evaluate stability as construction proceetise installation of this
instrumentation and the interpretation of the ensuing data should be made by the
GeotechnicaEngineelin consultatiorwith theconstructiorengineerAlso included in

the design package should be special provisions and the hold points, time or limitations
of construction (for example, fill shall halt until settlement is less than 1 inch per 24
hours, etc.) needs to be indicated for the contractor. Many of the gpresigions are
available from the District or State Geotechnical Engineers.

Additionally, field instrumentatioanbeinstalledto providedataonexisting structures
or embankmentsFor example, slope indicators placed within an unstablecdiza
existingslopecanprovidetheengineewith information,whichis valuable in assessing
the cause of the problem and in designing the necessary remedmlres.

Many of the instruments described in this chapter involve equipment such as
inclinometer casing, settlement platform risers, or junction boxes, which protrude
above ground in the construction aréaese protuberances are particularly susceptible
to damagedrom constructionequipment. The GeotechnicaEngineemmust work with

the construction engineer to ensure that the contractor understands the impartance
theseinstrumentsandthe needto protectthem. The specialprovisions shouldaarry
penaltiesattatced to them for the negligentdamageto theseinstruments occurring
during construction.

The mostcommonlyusedtypesof instrumentatiorarediscussedelow (Reference 2
and 4 is recommended for more detail):

7.1.1 Inclinometers (Slopelndicators)

These instruments are used to monitor embankment or cut slope staAiity.
inclinometercasingconsistsof a groovedmetalor plastictubethatis installedin a
borehole. The bottomof thetubemustbein rock or densematerial,which will not
experience any movement, thereby achieving a stable point of #ixggnsing probe

is lowereddownthetubeanddeflectionof thetubeis measuredSuccessive readings

can be plotted to provide the engineer with information about the rate of subsurface
movement with depth (sdegure7-1). Refer to ASTM 5230.

Care must be taken when installing the casing so that spiraling of the casing does not
occur because of poor installation techniquElis will result in theorientationof
thegroovesat depthbeingdifferentthanat the surface. This can be checked with a
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spiratchecking sensor, and the data adjusted with most new computerized data
reduction routinesAlso, the space between the borehole wall and the casing should
be backfilled with a firm grout, sand, or graveFor installation in highly
compressible soils, use of telescoping couplings should be used to prevent damage
of the casing.

To monitorembankmentonstructionjnclinometersshouldbe placedat or near the
toes of slopes of higfill embankments where slope stability or lateral squeeze is
considered a potential problenthe casing should penetrate the strata in which
problems are anticipatedReadings should be taken often during embankment
construction. Fill operationsshouldbe haltedif any suddenincrease in movement
rate is detected. The applicable portions of the technical special proVisiih
T141, T144, T4421instrumented Surcharge Embankment Witltk Drainsshould

be modified for site conditions, other usable poressure transducer types and
instruments, and included in the contract package.

7.1.2 Settlementindicators

Settlementnstrumentssimply recordthe amountandrate of the settlement under a

load; they are most commonly used on projects with high fill embankments where
significant settlement is predictedhe simplest form is the settlement platform or
plate, which consists of a square wooden platform or steel plate placed on the existing
ground surface prior to embankment constructidrreference rod and protecting

pipe are attached to the platforms fill operations progressdditionalrodsand
pipesareadded. (SeeFigure7-2 or Standard Plans,Index 141-T01). Settlements
evaluatedby periodically measuringthe elevation of the top of the reference rod.
Benchmarks used for reference datum shall be known to be stable and remote from
all possible vertical movemenit is recommended to use multiple benchmarks and

to survey between them at reguilatervals.

Settlement platforms should be placed at those points under the embankraent
maximumsettlementis predicted. On largejobs two or more per embankment are
common.The platform elevation must be recorded before embankroestruction
begins. This is imperative,asall future readingswill be compared with the initial
reading.Readings thereafter should be taken periodiaailyl theembankmenand
surchargdif any)arecompletedthenata reduced frequencylhe settlement data
should be plotted as a function of time.

The GeotechnicaEngineershouldanalyzethis datato determinewhenthe rate of
settlement has slowed sufficiently for construction to contifibe. technical special
provisionT141: Settlement Platshouldoemodifiedfor siteconditionsand included
in the contract package.

A disadvantage to the use of settlement platforms is the potential for demthge
markerpipeby constructiorequipment.Also, caremustbetakenin choosing a stable
survey reference which will not be subject to settlemiérnhereferences underlain
by muck, othersoftsoilsor, is too closeto construction activities, it may also settle
with time.

Alternatives to settlement plates include borehole installed probe extensometers and
spider magnets in which a probe lowered down a compressible pipe can identify
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points along the pipe either mechanically or electrically, and thetlebgjstance
betweerthesepointscanbedeterminedSurveyingatthetop ofthe pipeneeddo be
performedo getabsoluteelevationsf the pipeis notseated into an incompressible
soil layer. This method allows a settlement profile within the compressible soil layer
to be obtainedCare must be taken during installation and grouting the pipe in the
borehole so that it is allowed to settle in the same fashion as the surrounding soil.

7.1.3 Piezometers

Piezometers are used to measure the amount of water pressure within the saturated
pores of a specific zone of soifhe critical levels to which the excess ppressure

will increaseprior to failure canbeestimatedaluringdesign.During constructionthe
piezometergareusedio monitorthe porewaterpressurduildup. After construction,

the dissipation of the excess pore water pressure over time isasiaaglide to
consolidatiorrate. Thus,piezometersanbeusedo controlthe rate of fill placement

during embankment construction over soft soils.

Thesimplesttype of piezometers anopenstandpipeextendingthroughthe fill, but

its use may be limited by the response time lag inherent in all open standpipe
piezometers.More useful and commonin Florida are the vibrating wire and the
pneumatic piezometers. Pneumatic piezometers consist of a sensor body with a
flexible diaphragm attached:his sensor is installed in the ground and attached to a
junction box with twin tubesThe junction box outlet can be connected to a readout
unit. Pressurized gas is applied to the inlet tubs the applied gas pressure equals
and then exceeds the pore water pressure, the diaptedigatsallowinggasto vent
throughthe outlettube. Thegassupplyis thenturnedoff andthediaphragnreturns

to its original positionwhenthe pressure in the inlet tube equals the pore water
pressure.This pressure is recorded (sEigure 7-3). Refer to AASHTO T 252.
Vibrating wire piezometers are read directly by the readout Battrical resistance
piezometers are also available; however, the use of electrical resistance piezometers
is generally limited to applications where dynamic responses are to be measured.

Piezometers should be placed prior to construction in the strata in which problems
aremostlikely to develop. If the problemstratumis morethan10 feet (3 m) thick,

more than one piezometer should be placed, at varying deptiesjunction box
should be located at a convenient location but outside the constractaif
possible,however,the wire leadsor pneumatictubing needto be protected from
excessive strain due to settlements.

The pore water pressure should be checked often during embankment construction.
After the fill is in place, it can be monitored at a decreasing frequehiog data
shouldbeplotted(aspressurer feet(meters)f head)asa functionof time. A good
practiceis to plot porewaterpressuresettlementandembankmenglevationonthe
sametime-scaleplot for comparisonThetechnical special provisiom144: Pore
Pressure Transducers (Piezometestspuld be modified for site conditions and
included in the contract package.

7.1.4 Tiltmeters

Tiltmeters measure the inclination of discreet parts of structures from the Hioem.
are most commonly used to monitor tilting of bridge abutments and de@taining
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walls,andcanalsobeusedio monitorrotationalfailure surfaces in landslideg.ypes
range from a simple plumb line to more sophisticagaipment.

7.1.5 Monitoring Wells

A monitoringor observatiomwell is usedto monitorgroundwatetevelsor to provide
ready access for sampling to detect groundwater contamindtiaansists of a
perforated section of pipe or well point attached to a riser pipe, installed in-a sand
filled borehole.

Monitoringwells shouldalsobeinstalledin conjunctionwith piezometers to provide
a base reference necessary for calculating changes in pore prélsumeonitoring
well should be placed in an unimpacted area of construction to nbiénie static
watertableelevation. Installationanddecommissionin@f monitoringwellsshallbe

in accordancevith local DEPandWaterManagement District rules and regulations.

7.1.6 Vibration Monitoring

It is sometimes desirable to monitor the ground vibrations induced by blgsteng,
driving, construction equipment, or traffic. This is especially critical when
constructionis in closeproximity to sensitivestructuresor equipmentwhich may
become damaged if subjected to excessive vibration.

A vibration-monitoring unit typically consists of a recording control unit, one
more geophonesand connectingcables. Sensorsto detectnoise levels are also
available. Geophonesind/ornoise sensorsare placedat locationswheredata on
vibrationlevelsis desired.Peakparticlevelocities,principlefrequenciespeak noise
pressure levels, and actual waveforms can be recoRiesllts are compared with
pre-established vibratiotimiting criteria, which are based on structure conditions,
equipment sensitivity, or human tolerance.

7.1.7 Speciallnstrumentation

Earth pressure cells and strain gauges fall into this category of special instruments.
Theyarenotnormallyusedin monitoringconstructiorprojectsbut only in research

and special projectsThese instruments require experienced persdomas$tall and
interpretthedata. Consulithe StateMaterialsOffice for assistance.
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Figure 7-1: Principle of Inclinometer Operation (After Dunnicliff, 1988)
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7.3  Specificationsand Standards

) STD.
Subject ASTM | AASHTO | FM INDEX
540/14%
Settlement Platform - - - TO1

Standard Test Method for
Measurements of Pore Pressures in S
Standard Test Method for Monitoring
Ground Movement Using Prodg/pe D 6230 - - -
Inclinometers

- T 252 - -
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Chapter 8 Analysisand Design

Onceall explorationandtestinghavebeencompletedthe GeotechnicaEngineer must organize
and analyze all existing data and provide design recommendaTfibaescope of the analysis will
of course depend upon the scope of the project and thenswoilged.

Thischaptemwill discusghemajorfactorswhichmustbeconsiderediuringthe analysis and design
phase and possible methods of solving potential probl€aide 8-1 presend FHWA guidelines
regarding analyses which should be performed.réferencesitedin thetext providesuggested
methodsof analysisanddesign. A list of computerprogramswhich areapprovedor useby the
Departmento aid analysisjs available on th&eotechnical Engineering webpage

8.1

RoadwayEmbankment Materials

The suitability of insitu materials for use as roadway embankment is deterrbined
analysiof theresultsof soil surveyexplorations.Embankment materials must comply
with Standard Plans, Index 1201

Thesubsurfacenaterialgdentifiedduringsoil surveyexplorationshouldbe classified,
usually according to the AASHTO classification system, and stratified.

Soils must be stratified such that similar soils are contained within the same stratum.
Stratificationsshallbebasediponthe materialremovalandutilization requirementsf
Standard Plans, Indexes 1002 & 126001 If testing identifies dissimilar types
within the same stratum, additional sampling and testing may be required to better
define or restratify the insitu materials.

Oncestratified,eachstratummustbeanalyzedo definecharacteristicthat may affect
the design.Such characteristics include:

8.1.1 Limits of Unsuitable Materials

The limits of all insitu materials considered unsuitable for pavement embankments
should be defined and the effect of each material on roadway performance should be
assessedRefer toStandard Plans, Index 1202 for requirements on excavation

and replacement of these materials. areas where comple&xcavationis not
feasiblebut the potentialfor problemsexists, possible solutions to be considered
include stabilization with lime, cement, or flyash, placement of geotextile,
surcharging, and combinations of these and ottethods.

8.1.2 Limerock Bearing Ratio (LBR) When Allowed

When LBR testing is permitted by the State Materials Office for dgaigmosesthe

LBR value should be determined based on test results and the stratifiziation
subsurfacematerials. The designvalue should be representativeof actual field
conditions. Two methods are applied to the LBR test data to account for variability
in materials, moisture contents and field versus laboratonglitions. The design
LBR isthelower of thevaluesdeterminedy eachof the following two methods:

8.1.2.1 +2% of Optimum Method

The LBR valuescorrespondingo moisturecontents2% aboveand 2%
below the moisture content of the maximum LBR value (Refératole
8-2). Theaveragef thesevaluesis thedesignLBR valuefrom this method.
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It may be substantially lower than the average of the maximum LBRs.

8.1.2.2 90% Method

Maximum LBR valuesare sortedinto ascendingor descendingrder. For
eachvalue,the percentagef values which areequalto or greaterthanthat
value, is calculatedThese percentages are plotted versus the maximum
LBR values. The LBR value correspondindgo 90% is usedasthe design
valuefrom thismethod(Referto Figure8-1). Thus,90% of theindividual
testsresultsareequalto or greater than the design value derived from this
method.

8.1.3 ResilientModulus (MR)
Determinetheresilientmodulusdirectly from laboratorytesting(AASHTO T 307).
For roadway embankment materials, a design resilient modulus shall be lchssén
ontestresultsat 11 psibulk stressandthe stratificationof subsurface materialg.he
design value should be representative of actual field conditions.

The following method is applied to therMest data to account for variabiliiy
materialsandto providefor anoptimumpavementlesign(Reference8):

8.1.3.1 90% Mr Method

Resilient modulus values using AASHTO T 307 at 11 psi bulk stress are
sortedinto descendingorder. For eachvalue, the percentageof values,
which are equal to or greater than that value, is calculafEldese
percentages are plotted verslisMr values. The Mg valuecorresponding

to 90%is usedasthedesign valueThus, 90% of the individual tests result
are equal to or greater than the design value.

8.1.4 Corrosivity
Resultsof field and/orlaboratorytestsshould be reviewedand the potential for
corrosion of the various structure foundation and drainage system components
should be assessed.

8.1.5 Drainage
The permeability and infiltration rate of the embankmentmaterialsshould be
estimated based on test results or knowledge of the material charact@tissickata,
along with data on the depth to groundwater, can then be used in astessaagl
for andin designingdrainagesystemsincludingpavement underdrains and retention,
detention, and infiltration ponds.

8.1.6 Earthwork Factors

Truck andfill adjustmentactorsusedin estimatingearthworkquantities shoultbe
estimateasednlocal experience.SeeBorrow Excavation (Truck Measure) in
the FDOT Design Manual EDM) for example calculations using these factors.

8.1.7 Other Considerations

Othercharacteristicsvhich canbedetectedrom soil surveyexplorations and which
can affect the roadway design include expansive soils, springs, sinkholes (References
36 & 40 provide helpful insights into Florida sinkhole issuestentialgrading
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problemsdue to the presenceof rock, etc. The effect of these characteristics on
roadway performance should be assessed.

Foundation Types

As an absolute minimum for Desifid-Build projects, GRS abutments, spread
footings, driven pilesauger cast pileand drilled shaftshould be considered as
potential foundation types during the preliminary or Bridge Development Report
(BDR) phase for each bridge structuFar noise barrier walls, augeast piles may be

the preferred foundation. On some projects, one or more of these alternatives will be
obviously not feasible for the subsurface conditions presAnalysis of design
capacity should be based on SPT and/or cone penetrometer results, laboratory and/or
in situ strength tests, consolidation tests, and the results of instrumentation programs,
if available.Considerthe needfor additionalfield testsbasedon the variability of the
conditions observed. After the foundation type has been selected in the BDR phase,
only theselectedoundationtype needdo be evaluatedurtherif thefinal geotechnical
investigation confirms it is suitable for the entire structure.

Analyze all foundations in accordance with the latest requirements &AB&ITO
LRFD Bridge Design Specificatiorexcept where specific requirements have been
superseded by the Structures Design Guidelines or those contained Pargdtular
attentionshall be paid to deflectionsin the servicelimit state especiallyfor drilled
shaftswherelargedeflectionanayberequiredto satisfythestrengtHimit state.

Evaluatethefoundationdepthsandconditionsof all existingstructuresloseenough to

likely be affectedby constructionactivities. Ensurethe selectionof the proposed
foundationtype will not affect the integrity and stability of the existingfoundations.
Some existing bridges and retaining walls may be particularly vulnerable to certain
foundation construction procedures, such as:

a. Shallow foundationsand short piles founded on soils that may settle due to
construction vibrations.

b. Piles driven near existing piles on widening projectie existing piles may
experience lateral and downdrag forces during the driving of a displacement pile
thatadvancesn very closeproximity. Particularattentionmustbeplaced on piles
that were installed with a batter angle and existing piles accepted based on soil set
up (soil freeze) during original construction.

c. Drilled shafts constructed using vibratory methods for the casing installation and
removal,n proximity of shallowfoundationsshortpiles andMSE wallls.

d. Drilled shafts using casing that may not be long enough to support the excavation
when sidewall caving could affect the stability of adjacentshallow foundations,
short pilesor MSE walls.

FDOT existing structuresdamageddue to foundation settlementsand failures are
typically very costly to repair and will potentially create:extendeddelays, safety
concernsand bridge/roadway closures during construction.

8.2.1 SpreadFootings

Theuseof spreadootingsis generallycontrolledby thedepthto material ofadequate
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bearingcapacityandthe potentialfor settlemenof footingsplacedat this depth.
8.2.1.1 DesignProcedure

References3, 5, and 22 offer good methods. Provide the minimum
foundation elevation and the anticipated bearing material. Estimate
settlementdancludingtheamountof total settlementrateof settlementand

the potential for differential settlement.

For spread footings on rock or IGM, ensure against punching failure into
theweakerstratumbelowthebearingstratum(See8.3.]). Evaluate the effect

of excavation aids such as continuous sheet pile which could compromise
the continuity of the bearing layer (S&8.9.

8.2.1.2 Considerations

Varying depthsof footings should be consideredto achieve maximum
economyof design.Forwatercrossingsdepthof scourwill beacontrolling
factor, which may preclude consideration of spread footings. Difficult
conditions for dewatering and preparation of foundation soils shall be
addresseavhen applicable. Groundimprovementmethodswhich permit

the use of spread footings in otherwise marginal cases (grouting, vibratory
compaction, etc.) may be considered where their use might be more
economical than deep foundations.

8.2.2 Driven Piles

Driven piles must be designed for axial and lateral loading conditions as applicable.

The following types of driven piles are considered acceptable for supporting
structural loads on permanent FDOT structures (depending on environmental
restrictions): Steel b i | e s, St eel Pipe Piles, Prestr
and larger, and Canr et e Cyl i nder Piles of 540 ol
Prestressed Concrete Piles may be used for pedestrian bridges if the are
environmentatestrictionsTimberpilesmaybeusedor temporarbridges, however,

steel piles are chosen more often by contractOtber pile types and sizes may be
considered fordesignui | d projects and contractor 0:¢
submittals.

8.2.2.1 DesignProcedure

The following computer programsare available the Bridge Software
Institute (BSI):

A FB-Deepis availablefor assessmeraif axial designcapacity.

A FB-MultiPieris availablefor assessmermtf lateraldesigncapacity and
pile group settlement.

A GeoStats availablefor theevaluatiorof sitevariability.

The Help Files for the F®eep, FBMultiPier, and GeoStat programs are
recommendedeferenceslncludeall materialswithin 3B of the individual

pile tip or 2 times the minimum group dimension below the tip of the piles,
whicheveris deeperUnlessotherwiseapprovedy the Directorof Design,
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all driven pile bridge foundations require 100% dynamic testing.

For foundations tipped on rock or IGM, ensure the bearing layer thickness
below the tip elevationis sufficient to preventpunchingfailure into the
weaker stratum below the bearing stratum for the end bearing resistance
includedin the design(See8.3.]). Addresspile group effects, settlement

and downdrag as applicable. References 5, 6, 7 & 30 are recommended for
analyzing group effects and settlement potential Apgendix Cfor astep
by-stepdesignprocedurdor theanalysisof downdrag.

8.2.2.2 Considerations

Various pile typesand sizesshould be analyzedto achievean optimum
design. For water crossings, depth of scour must be considered for both
axial andateralloadanalyses.Testpile locationsshouldberecommended
andthe need for static load testing addressédnsider the drivability of

the pilesSee the Structures Design Guidelines for load limits for driving of
different pilesizes. In FB-Deepand GeoStatanalysescode sandlayers
containing3 0 % ( A S 0 me 0 2488yor gkedt€riguailities of shell as
soil type 4.

On FDOT projects, steel pipe piles may be used in extremely aggressive
conditionsonly if drivenclosedendandfilled with acastin-place concrete
corein accordancevith SDG3.1.F.2(SeeSDG3.1.F& SDG Table 3.11

for additional information).

8.2.3 Drilled Shafts

Drilled shafts derive their resistance from direct contact between the surrosailing
andthedrilled shaftconcrete.As with driven piles, drilled shafts must be designed
considering both axial and lateral loaBsoximity to embankments, retaining walls,
or othersources of stress increase thatild affect the stability of the excavation
during drilled shaft construction shall be addressed during desigmaywkquire
theneed to speciffemporaryand/orpermanent casing.

8.2.3.1 DesignProcedurefor Major Structures

Resistance factors and associated design methods for geotechnical
resistancef drilled shaftsarein SDGTable3.6.31. It isimplicitly shown

in thetablethattheresistancéactorsfor drilled shaftstippedin sandor clay

are based on side shear design methods only (i.e. FHWA alpha method in
clay and FHWA beta method in sand)lote also that the beta method for
side shearesistancen sandrefersto the methoddevelopedoy O6 N &i |
Reese (Ra&frenced), not the beta method described in FHWA's GEC 10.

Because tip movements on the order of several inches are generally required
to mobilize tip resistancen sandor clay, methodsto premobilize tip
resistance must be incorporated to include tip resistance in these materials.
Methodsto pre-mobilize tip resistancenclude: pressureggroutedtips, rim

cell devices and hilirectional load test jacks.

Reference 9 is generally applicable to all conditions except for drilled shafts
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socketed in Florida limestonRefer toAppendix Afor an approved method

of determiningthe side resistancefor drilled shaftssocketedin Florida
limestone. The normal spacing for drilled shafts is 3D. For rock socketed
drilled shaft groups with spacing of 2.5D or greater, a group efficiency
factor of1 maybeusedfor axial loads;for shaftstippedin othermaterials

refer to the current AASHTO LRFD Bridge Design Specificationy P
multipliers for lateral loads are in the Structures Design Guidelines. General
foundation analysis considerations are further described below.

Thefollowing computemprogramsareavailablefrom the Bridge Software
Institute (BSI):

A FB-Deepis availablefor assessmerif axial designcapacity

A FB-Multi Pieris availablefor assessmertf lateraldesigncapacity and
shaft group settlement

A GeoStat is available for the evaluation of site variability and minimum
number of laboratory tests required to develop side shear design
correlations

The Help Filesfor the FB-Deep,FB-Multi Pier, and GeoStafprogramsare
recommendedeferences.

Nonredundantdrilled shaft bridge foundations have special design
requirements as follows:

1. All shaftsin nonredundanbridge foundationsshall be a minimum of
four feet in diameter.

2. Consider the effects of combined axial loads and moment to properly
evaluate the geotechnical bearing resistance of the shaft and the effect
on the distribution of the stresses across the shaft bofibare is often
sufficient horizontalreactionto resistmomentsin shaftsembeddedit
least seven shaft diameters below the design ground surface.

Various drilled shaft sizes should be analyzed to achieve an optimum
design. For water crossings, depth of scour must be consideXay.
anticipated construction problems should be considdred . method of
construction(dry, slurry, or casing)shouldbe addressedas this will
affectthe sidefriction andendbearingvaluesassumediuring design.

Both the unit side friction and mobilized end bearing values should be
analyzed and presenteReference®, 7 & 30 are recommendedor
analyzinggroup effects. See Appendix Cfor a stepby-step design
procedure for the analysis of downdrag. For foundations tipped on rock
or IGM, ensure the bearing layer thickness betlloatip elevationis
sufficientto preventpunchingfailure into theweaker stratum below the
bearing stratum for the end bearing resistance included in the design
(SeeB.3.]).

Prudent design considers that estimated side shear resistance requires
sufficient surfaceareaof the shaftto interactwith the socket.Design
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8.2.3.2

8.2.3.3

valuesare based on statistical techniques; some portions of the rock are
likely weaker than others due to normal geologic variability.
Furthermore, undetected construction flaws could reduce load transfer.
Therefore, the minimum rock socket length shall be 8ded.5 times

the shaft diameter, whichever is longer. When the total socket length
must be broken into layers, each layer should be at least one shaft
diameter.

Considerations

When estimating drilled shaft resistance from side shear and end bearing
(for shaftstippedin rock or IGM), ensurethe resistancdimits the end
bearing to 1/3 of the ultimate value.

In sand,drilled shaftswith pressuregroutedtips should be considered.
Pressure grouted tips are most effective in loose to medium dense sands.
Guidancdor the designof drilled shaftswith pressuregroutedtips maybe

found inAppendix Dand in Reference 9.

Load tests on test shafts should be specified when necessary to verify
capacity and/or constructabilitfiReinforced method shafts (test holes) are
always required for bridges, and their locations shall be specified in the
plans. Loadestsshouldnotbeperformedon methodshafts. Methodshafts
shouldbe the depth of the deepest shafts on the project, whereas the load
test shafts shouberify theresistancef themosteconomicabearingzone.
Referto the Structures Design Guidelines for additional caarsitions.

Drilled shafts may be constructed using temporary or permanent casing,
however, the drilled shaft design methods are applicable only for computing
the resistanceof the uncasedportionsof the shaft. Portionsof the shaft
constructed with temporary casing will most commonly have reduced side
shear resistance versus constructing the same portion of the shaft using
slurry.

All resistance must be strain compatibleeak side shear in rock will
normally occur well before peak side shear in soihe difference in the
deformation required to mobilize skin friction in soil and rock versus what
is required to mobilize end bearing shall be considered when estimating
axial compressiveesistancef shaftsembeddedh rock. (SeeReference$
and30)

Verify thebearingstratawill supportthedrilled shaft(s)withoutthe risk of
punching shear failure.

DesignProcedurefor MiscellaneousStructures

Drilled shafts for miscellaneous structures must be designed considering
both axial and lateral loads, however the design for lateral loads will
normally govern. The controlling loading condition for miscellaneous
structuress normallydueto wind loadingduringthedesignstormevent

after several days of continuous rain would have occurred. Therefore, the
design groundwatdevel is normally atthe groundsurface.Whendrilled
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shaftsfor miscellaneous structures will be founded in limestone, the
guidelines inAppendix Bfor rock may be usedAn example lateral load
analysis using Bromsé Method for a
in Appendix G

When laterally loaded drilled shafts for miscellaneous structures are
foundedthroughcompactedelectfill bermor slope,includethe portionof

the pilewith lessthan2.5D horizontalsoil cover (faceof-pile to faceof-
slope)in theunsupportetength,anddesigrtheportionof thepile with more
than2.5D soil cover as though founded in level ground.

Whenboringsindicatewaterlevelswill not be encounterediuring drilled
shaft construction, add the following note to the Plans:

A TheDry Methodof drilled shaftconstructiormaybe appropriate for this
foundation.

8.2.4 Auger-CastPiles

As with drivenpilesanddrilled shafts augercastpilesmustbedesigned considering
bothaxialandlateralloads. However |ateralloadstypically govern when augerast

piles are used for noise wall foundations. See the SDG for restrictions on the use of
Auger Cast Piles for bridges and other structures.

8.24.1

8.2.4.2

DesignProcedure

Design Auger Cast Piles for Bridges (when allowed) using the same design
proceduresas for side shearresistanceof drilled shafts.For side shear
resistance of rock or cohesive IGM materials, use the design procedures
outlined inAppendix A Unit side shear values for all foundations must be
strain compatible; this is particularly important for auger cast pile bridge
foundations. Therefore, for design of rock or IGM socketed auger cast piles
supporting bridges, the side shear resistance fl@overburden soil is
neglectedinlessstraincompatiblevaluesaredeterminedby sitespecificload

tests.

Generic designs for noise barrier wall foundations on level ground are
presented in th&tandard Plans for Road and Bridge Constructidimen
walls are founded through compacted select fill berm, include the portion
of thepile with lessthan2.5D horizontalsoil cover(faceof-pile to faceof-
slope) in the unsupported length, and design the portion of the pile with
more tharR.5D soil coverasthoughfoundedin levelground.

If the site-specificsoil conditionsareweakerthanthe valuespresented in

the Standard Plans Instructions (SPI) or if a site specific design is desired,
augercastpilesshallbedesignedn accordancevith theprocedureoutlined

in Appendix B Consult with the District Geotechnical Engineer for local
guidelines regarding augeast piles.

Considerations
Considerationsfor augercast piles supporting precastnoise walls are
presented in the Standard Plans Instructions, 1684200
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8.2.5 Micro piles
In specialcasessuch as low ovehead, vibration sensitive sitesynes with utility
conflicts or retrofit, micropilesmaybethepreferredoundationsystem See the SDG
for restrictions on the use of micropiles for bridges and other structiesn used
for bridge supporin rock-socket application#\ppendix Ashall be used for design.

8.2.5.1 DesignProcedure

Designs must comply with Section 10.9 of Reference 30 for soil, and
Appendix Afor rock and Intermediate Geomaterial. However, all side shear
resistancen the casingplungelengthshallbe disregarded.Reference26
and30 are recommended for background information. Static Load Tests are
required to verify the design.

8.2.6 GRS Abutments

GRS abut ments are part of FHWAG6s Every |
bridge construction time and cost. Bridge projects constructed using this technology

were considered cost effective, are performing well, and the lessons learned during
those pragcts led to the GRS Guide (Reference 33RS abutmentarepermitted

for simply supportedspansas describedn the Structures Manual; for additional
background, see References 34 and 35.

8.2.6.1 DesignProcedure

Designs must comply wittAppendix C of Reference 34, except as
otherwiseindicatedin Sections3.12.12and3.13.40f the StructureDesign
Guidelines.

Present GRS abutments in the Plaiibe Plans may or may not utilize
Developmental Standard Plans, Index DG0Ztowever, the same
information needdo be presentedGRS abutmentsshall be constructed
usingDevelopmentaEpecification549. The District Specificationffice
needsto file the requestfor Developmental Specification 549 to be
incorporated into the specificatiopackage.

8.2.6.2 Considerations

Limitationsandconsiderationarepresentedh Sections3.12.12and3.13.4
of the Structures Design Guidelines, and in the Instructions for
Developmentabtandard Plans, Index D6025.

8.3  Foundation Analysis

Along with an axial analysis (as outlined in the previous section) for deep foundations,
thefollowing factorsmustalsobeaddresseth thegeotechnicateport

8.3.1 Rock Fracture

For shallow foundationsand the end bearing componentof deep foundations
supported on layered profiles where limestone or IGM bearing materials are
underlain by weaker materials such as those depictddgure 8-1, ensure the
bearing layer thickness below the bearing elevation is sufficient to prevent punching
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failure into a weaker stratum below the bearing stratum. Perform this check as part
of the bearing analysis for the strength limit state. For spread footings use a
trapezoidal pressure distribution.

Because the RMR (Rock Mass Rating) & GSI (Geological Strength Index) methods
in AASHTO are unreliable for nearly all Florida limestone and IGM materials,
estimatehe shearesistancevithin thelimestoneandIGM lenseausing the method
outlined inAppendix Af or d et e.rdhe sampleget fdy be limited to the
borings closest to each foundation in order to best estimate the bearing conditions.

Commentary: The McVay method appliedppendix As based on the shaft socket
interfacebeingsufficientlyroughthatthefailure surfaces entirelywithin the rock or

IGM in which the shaft is socketed. Therefokds fthe rock shear strength. For
details see Reference 37. See Reference 41 for a discussion of the applicability of
RMR & GSI to Florida limestone.

When the limestone/IGM material has not been cored and tested, the shear resistance
of thematerialbelowthetip elevationmaybe estimatedusingStandard Penetration
Test (SPT) blow count using the following equation:

Nai &0.1tsfx 060 O4 tsf
whereNso is thecorrectedfor energy)SPThlow count.

The resistance factofr, for this check is taken frorhable 3.6.31 of theStructures
Design Guidelines (SDG) as appropriatefor redundantor nonredundant drilled
shafts.For piles, use the resistance factor for redundant shafts includirgpandg

from Table 3.6.31 of the SDG. For spreadfootings, usethe resistance factors in
AASHTO Table 10.5.5.2:2.

8.3.2 Lateral Loads

Lateral load analysesfor deep foundationsshall be performedon all retaining
structures and almost all bridges permitting navigati®he Structural Engineer
using soil parameters provided by the Geotechnical Engineer shall perform the
analysedor bridges. The GeotechnicaEngineershall checkthefinal lateralload
analysis for correct soil property applicatiofhe associated minimum tip elevations
requirement(elevationwhere structurestability is achievedplus 5 feet) must be
reviewed. Designs may eed to be changed if lateral deflection is excessive.
Reference 10 is recommended.

8.3.3 Scour

For structuresover water, scour susceptibilitymay control the design.Designfor
scourrequirecoordinatiorof effortsbetweertheHydraulicsEngineer, Geotechnical
Engineer, and the Structures Enginéegmnis multtdiscipline effort, which is needed

for the proper iterative procedure used for scour design, is described in the FDOT
Structures Design Guidelines.

8.3.4 Downdrag

Forpilesdriventhroughasoil layer(s)subjecto settlementaloadtransfer (negative
skin friction) occurs due to the soil settling around the pilee downward forces
created by this process are known as downdildge results of downdrag can be
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either excessive settlements or overstressing the pile if it is an end bearing pile.

To minimize the downdragforces: (a) place the embankmenfill and allow the
compressible soil(s) to consolidate prior to driving, or (b) use a polyethylene wrap
around the pile within the embankment fill placed after driving, or (c) bitumen
coatings may be used to reduce the load transferred by the adjacent soilés), but
means for protecting this coating during driving must be uJéw Geotechnical
Engineer shall provide the downdrag values along with recommended methods to
reduce the effect of downdrageeAppendix Cor Reference 32 for a stdyy-step
design procedure for the analysis of downdrag.

8.3.5 Construction Requirements

This would identify any project specific requirementshat may be required for
constructability. This would include items like preforming, jetting, artesian water,
settlement monitoring, vibration monitoring etc. It would also identify any nearby
structuresand occupantusageghat would be impactedfrom the installation of the
foundations and special techniques required to minimize these impacts.

8.3.6 Cofferdams & SheetPiles

Consider the effect of cofferdams penetrating rock layers that may terminate above
the tip of the cofferdam or sheet pile. Consider whether contirslh@epilesshould
bereplacedvith soldierpile typecofferdamsor walls.

Consider the effects on foundations constructed in sandy soils due to temporary
cofferdams or sheet piles in close proximifhe installation of displacement pile
groups within a temporary cofferdam becomes difficult as the degree of soil
confinement increases with each pile installEldlis confinement generally increases

the driving resistance only while the cofferdam or sheet pile remains in place;
extraction of the cofferdam or sheet pile (particularly vibratory extractitay)
dramaticallyreducehefinal pile resistancéromthetip elevation of the cofferdam or
sheet pile up to the ground surface, even with nisplacement pilesln addition

to ensuring the minimum tip elevation of the foundation is well below the cofferdam
or sheet pile, consider the following:

1. If seepagés notanissueusebracedsheetwith shortpenetrations.

2. Use preformed pile holes to reduce resistance above the tip elevation of the
cofferdam or sheet pile and ensure NBR is achiéngd only the soil and/or
rockbelowthetip elevationof the cofferdam or sheet pile.

3. Instrumentall piles to ensurethe NBR is achievedafter excluding all the
temporary resistance from materials above the tip of cofferdam and sheet pile.

4. Ensurethetop of rock socketfor thedrilled shaftis deepethan the tip elevation
of the cofferdam or sheet pile.

5. Evaluate the effect of vibrations during extraction on spread fobgaging
materials.Ensurethe cofferdamor sheetpile tip is above a 1:2 control line
(1V:2H) extended from the bottom edge of the spread footing or other shallow
foundation.

6. When the pile footing can be formed without the sheetpiles, set check the
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8.4

perimeter piles after extraction of the cofferdam or sheet pile. If any pile set
checked does not meet the required resistance, set check all piles in the group.

7. Whensetchecksarenot feasible,potentialreductionsin pile resistance due to
nearby construction can be addressed by implemergingions(increasesjo
theNBR, minimumtip elevation, or applicable Plan notes.

Cofferdam design should consider seepageflow and hydrostatic pressurein
determining the seal thickness and sheet pile penetration depth.

Embankment Settlement& Stability

The completed embankment must provide sufficient support for value added pavement.
(SeeSpecificationSections338 & 355) Embankmenstettlemenandglobal stability
should be addressed concurrently, as various options to solve settlement problems will
also impact or be impacted by stability.

8.4.1 Settlement

Settlementcalculations should be basedon the results of consolidation tests
performed on higlguality samples.

8.4.1.1

8.4.1.2

DesignProcedure
Reference8 and11arerecommended.
Considerations

The results of consolidation calculations should be plotted on a time
settlementcurve and includedin the report. For compressibleclay and

organic materials, base total settlement estimates on primary consolidation,
and secondargompressior{creep)settlement®verthe designlife of the
roadway. In these cases, creep estimates must be based on coefficients of
secondary compression values obtained from laboratory consolidation test
results. Includetime rateof settlemenestimatesbasingtheseestimaeson
laboratory or field tests is recommended.

For high organic content materials (organic content greater than 50%), base
total settlement estimates on primary consolidation, secondary and tertiary
compressioficreepsettliementsverthedesignife of theroadway.In these

cases, creep estimates must be based on coefficients of secondary and
tertiary compressionvalues obtainedfrom laboratory consolidationtest
results.

If excessivesettlementdueto compressibleclays or organicmaterials is
predictedovertoolengthyatime period,(thecriteriacanvary) theengineer

must propose a method of dealing with the probld&nt every possible
solution is applicable to every project because of constraints of construction
time, stability, etc.The Geotechnical Engineer may also need to design and
monitor a field instrumentation program.

If surchargas required,maintainsurchargdoad until at least90% of the
total expected settlement due to the fill with surcharge has occhesigin
thesurchargdoadingsuchthat100%of primaryconsolidatiorplusat least
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half of the creep consolidation for ngnrcharged embankment has
completed before the surcharge is removed.

Designlightweight fill embankmentso provide a factor of safetyO01.20
against buoyancy, and lateral movement due to the/&80storm. Provide
detailsfor a PVC or HDPE liner to protectlightweight fills suchas EPS
geofoamwhich may be damagedoy accidentalexposureto chemicalor
petroleum spills.

8.4.1.3 PossibleSolutions
1. Reducdill height.Thisis seldompracticalexceptin planningphase.

2. Providewaiting periodto allow for the majority of consolidationto
occur.

Increasesurchargéeight.

Useallightweightfill.

Installwick drainswithin thecompressiblenaterialto be surcharged.
Excavatesoft compressiblenaterialandbackfill with granularsoil.

N o o bk~ w

Groundmodificationsuchasstonecolumnsdynamiccompaction, deep
soil mixing, etc.(SeeReference88,39 andGeoTechTools

8. Combination®f someof theabove.

8.4.2 Stability

Stability analyses areonducted using data fronm situ strength testsnd/or
laboratorystrengthtestsperformedon high quality samples. A rangeof possible
materialstrengthds typically consideredallowing enginees to evaluate a spectrum
of soil resistancand assess slop&bility. Theoverall stability of the retaining wall,
retainedslope and foundation soil or rockhallbe evaluated usinigmit equilibrium
methods of analysisn accordance withthe AASHTO LRFD Bridge Design
SpecificationsThe analysishall provide a ASD equivaleniminimumfactorof safety
of 1.5

Slope stability analyses are generally not required wisémpes are constructed
entirely of select fillon level ground and are 2.5H:1V or flatter. However, analyses
are requird for all slopes thagupport structures, contain nealect fill, constructed

on slopng ground, oslopessteeper than 2.5H:1V.

8.4.2.1 DesignProcedure

References 3, 13, 1&8nd 30 are recommendeReferences 3, 13 and 18
arebasedn Factorof Safetyor ServiceLimit Stateanalysesvhichmaybe
helpful but will need to be modified.Various computer programs are
availableto assistin the analysisldentify requiredreinforcementmaterials
as R2 or R-3 Geosyntheticsvhen requiredfor Embankmentver Soft
Soilsor Reinforced Slope applications, respectively.
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8.4.2.2 Considerations

Soil resistance should be calculated for all possible slope conditions (i.e.,
surchargdoading,varyingfill heightsand/orslopes\varyingwatertables,

etc.) for the service limit stateThe engineer must design a method of
dealing with potential stability problems and may need to design and
monitor a field instrumentation program.

8.4.2.3 PossibleSolutions
1. Realignhighway.
2. Reducdill height.

Note: Thesdfirst two solutionsareseldompracticalunlesshe problem
is identified early in the planning phase.

3. Flattenslope(Rightof way requirements?).

4. Staged construction, to allow soft soil to gain strength through
consolidation.

Excavateandreplacesoftsoils.

Includegeotextileor geogridwithin theembankment.
Placebermattoe.

Uselightweightfills.

© © N o »

Groundmodificationsuchasstonecolumns dynamiccompactiondeep
soil mixing, etc.(SeeReference88,39andGeoTechTools

10. Usingobstructiongo keepvehiclesfrom parkingonor approaching the
crest of the slope.

11.Installing an underdrainsystemto depresghe phreaticsurfacein the
slope.

12. Constructingatrenchatthetop of theslopeto divertsurfacewater from
the slope face.

13. Combination®f theabove.

Retaining Wall Design

All retaining walls; including gravity walls, cantilever walls, crib watisgechanically
stabilized earth (MSE) walland soil nail walls; must be designed in accordance with
the current AASHTO LRFD Bridge Design Specifications (except as noted in the
FDOT Structures ManualMolume |, Structures Design Gugtines (SDG) and the
FDOT Design ManualRDM)) with adequate soil resistance agalesaring,sliding,
overturning,eccentricityandoverall stability. A designanalysisis still required when
standard index walls are used on a project.

8.5.1 Gravity Walls
8.5.1.1 DesignProcedure

Referencd7is recommended.
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8.5.1.2

Considerations

All gravity walls including those taken from ttf&tandard Plans for Road
and Bridge Constructioshould be checked for stabilityrhese walls are
sensitiveo differentialsettlementsotheymustbecarefullycheckedRefer
to theFDOT SDGandtheEDM for proceduresndesign of walls.

8.5.2 Counterfort Walls

8.5.2.1

8.5.2.2

DesignProcedure
Reference80andl17 arerecommendeétbr Counterfortwalls.
Considerations

This type of wall is typically not as economical as an MSE viait it is
competitive with other walls. It can be used in extremely aggressive
environments.Speedof constructionis anotheradvantagen congested
areas.

RefertotheFDOT SDG andtheEDM for procedures on design of walls.

8.5.3 MSE Walls

8.5.3.1

8.5.3.2

8.5.3.3

DesignProcedure
Reference80and13arerecommendetbr designof MSE walls.
Considerations

Refer tothe Structures Manual,0lume 17 SDG, Section 3.13.2 for water
elevation design requirements

The use of proprietary MSE wall systems is growing more common as
rights-of-way become limited and congestion growSDOT maintains
standardindicesof wall systemspre-approvedfor useas permanentand
temporancritical walls.

For all proprietary systems, the Geotechnical Engineer is responsible for
external stability and assuring that the design is compatible with the actual
subsurface conditionsThe system proprietor is responsible for internal
stability. Control drawings will be provided to the proprietary wall
companies, which indicate the minimum lengths of reinforcement required
for external stability.Drawings produced by the proprietor will show the
actual reinforcement lengths requirethese lengths will be the longer of
those required for external stability, as given by the Geotechnical Engineer,
and those required for internal stability, as calculated by the proprietor.
Refer to the FDOBEDGand theEDM for additional requirements.

Widening Existing Walls

Widening of a roadway supported by MSE walls may require the MSE
facing to be moved outward (widened) some distancefrom its present
position. This process may or may not include adding additional height to
the wall.
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WhenexistingMSE walls in goodconditionandperformingwell areto be
widened, evaluatethe remaining service life (internal stability) of the
existing MSE wall based on the minimum density, friction angle, and
maximum corrosivityof the existingreinforcedfill. Frombulk samplesof
thereinforced fill collected per 3.2.2.3 for direct measurements, at locations
and elevations approved by the District Geotechnical Engineer, perform
tests for:

a. Modified ProctorDensity(FM1-T180)
b. DirectSheafFM3-D3080)
c. EnvironmentalCorrosionTests(See Sectiod.10

Refer to the original shop drawing submittal to determine the original
configuratioranddimension®f themetallicreinforcementandtheassumed
corrosion rates pesDG 3.13.2. Use these corrosion rates to determine the
remaining service life for the existing reinforcement.

If the remaining servicelife of the existingreinforcementis lessthan the
design life of widened wall after construction, use the corrosioreduced
strength of the existing reinforcement in evaluating the internal and
external stability of the widened MSE wall.

Reference80andl13arerecommendetbr evaluatingexistingMSE wallls.

8.5.4 SheetPile Walls
8.5.4.1 DesignProcedure

Referencd7is recommendetbr sheepile walls.
8.5.4.2 Considerations

The engineer is responsible for all permarard temporary criticadheet

pile walls Whencoatingswill beusedon wall panels, ensure the friction
between the coated wall panel and the soil is properly considered; assume
zero friction when a bitumen coating is used.

Steelsheetilesarenormallyinstalledusinga vibratoryhammer;concrete
sheetpiles areinstalledby jetting. It is importantto alertthe contractorto

soil or rock layers that will make sheet pile installation difficult by
providing appropriate information in the Plans. Consider preforming and
other installatioreffectsontheresultingfriction betweerthewall paneland
thesoil or rock.

Considetheeffectsof cofferdamsor sheepilesconstructedear(within 5D

of) foundations particularly when the foundationsare supportedfully or
partially on sandy soils. Reference 42 is recommended for evaluating the
effects of sheet pile proximity on driven foundation piles. (SeeSdstion
8.3.9.

8.5.5 Soil Nail Walls
8.5.5.1 DesignProcedure
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8.5.5.2

Referenced 7 and23 arerecommendetbr soil nail walls.
Considerations

Soil nail walls in sand may require large movementsto mobilize soil
resistance, and vertical excavations may not be achievable.

8.5.6 Soldier Pile/Panelwalls

8.5.6.1

8.5.6.2

DesignProcedure

The analysis and design of soldier piles is different from sheet pile walls
because the failure of individual pile elements is different from continuous
walls. The failure mechanism of the individual pile is analogous to a bearing
failure in front of the pe; the total resistance force assumes the pile has an
effectivewidth of 3B (or threetimesthe width of the pile) for all typesof

soil. The bearing resistance pressures for cohesive soils are considered to
be uniform with a magnitude of 2c (two timé®tcohesion) neglecting the

soil resistance of 1.5 times the pile width (B) from the bottom of excavation.
For granular soils, determinepkvith or without wall friction and neglect

the soil resistance to a depth equal to one B below the bottom of excavation.
When wall friction is considered, the interface arigjlmust not exceed the
value given in Table 1 of Reference 5 for the applicable soil and soldier pile
materials.Referenced 7 and 30 are recommendedor Soldier Pile/Panel
walls.

Considerations

Soldier pile and lagging walls usually consist of steglilds and horizontal
laggingandareprimarily usedfor top-downconstructionSoldier pile walls

can be cantilevered or anchored, temporary or permanent. For permanent
applicationgn Florida,concreteile andpanellaggingis usually preferred.
Soldier Pile/Panel walls should be considered in locations where sheet pile
walls are needed, however, sheet pile installation difficulties are expected.
Referto theFDOT SDG andthe FDM for additional requirements.

8.5.7 GRS Walls
GRSwallsaresimilarto GRSabutments.

8.5.7.1

8.5.7.2

DesignProcedure

Designs must comply with Appendix C of Reference 34, except as
otherwisandicatedn Sections3.12.12and3.13.40f theSDG.

PresenGRSwallsinthePlansusing DevelopmentabtandardPlans,
Index D6025 IncorporatéDevelopmental Specification 54®o the
specifications package.

Considerations

Limitationsandconsiderationarepresentedh Sections3.12.12and3.13.4
of the SDG and in theDevelopmental Standard Plalmstructions, Index
D6025
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8.6  Steepenedslopes

All steepened slopes must be designed for external stability including all failure
possibilities such as sliding, despated overall instability, local bearing capacity
failure atthetoe (lateralsqueeze)andexcessivesettlemenfrom both short and long

term conditions.Reinforcement requirements must be designed to adequately account
for the internal stability of the slope.

8.6.1 DesignProcedure
Referencd 3is recommendeddentify ReinforcedSlopereinforcement materials in
the Plans or TSPs asRGeosynthetics.

8.6.2 Considerations

Coordinateéheuseof steepenedlopeswith the District Maintenance Office. As with
all slopes steeper than 1V:3H, steepened slopes require maintenance berms for
mowing equipmenit See thé&=DM.

8.7  Computer Programsusedin FDOT
Seethelisting of GeotechnicaComputeProgramaisedin FDOT onthe Geotechnical
Engineering webpage
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Table8-1: Geotechnical Engineering Analysis Required in Reference 1

TABLE 3
REQUIRED GEOTECHNICAL ENGINEERING ANALYSIS
Soil Classification Embankment and Cut Slopes Structure Foundations Retaining Structures
(Bridges and Retaining Structures) (Conventional, Crib and MSE)
Unified | AASHTO' | Soil Type Slope Stability” Settlement Bearing Capacity | Settlement Lateral Earth Stability Analysis
Analysis Analysis Analysis Analysis Pressure
GW A-1-a GRAVEL Generally not Generally not Required for Generally not GW, SP, SW & SP | All walls should
Well-graded required if cut or | required except spread footings, nceded except soils generally be designed to
GP A-l-a GRAVEL fill slope is 1.5H || possibly for SC pile or drilled for SC soils or suitable for backfill | provide minimum
Poorly-graded | to 1V or flatter, soils. shaft for large, heavy behind or in F.S. =2 against
GM A-1-b GRAVEL and undcrdrains\ foundations. structures. retaining or overturning &
Silty are used to draw For FDOT reinforced soil F.S. = 1.5 against
GC A-2-6 GRAVEL down the water projects, Spread footings Empirical walls. sliding along base.
A-2-7 Clayey table in a cut analysis is gencerally corrclations with
SW A-1-b SAND slope. . adequate except SPT values GM, GC, SM & External slope
Well-graded reqwmd for possibly for SC usually used to SC soils generally stability
SP A-3 SAND Erosion of slopes all Slopes soils estimate suitable if have less | considerations
Poorly-graded | may be a settlement than 15% fines. same as
SM A-2-4 SAND problem for SW steeper than Lateral earth previously given
A-2-5 Silty or SM soils. 2.5H 10 1V. pressure analysis for cut slopes &
SC A-2-6 SAND (see 8.4.2) required using soil | embankments.
A-2-7 Clayey angle of internal
friction.
ML A-4 SILT Required unless | Required unless | Required. Required. These soils are not
Inorganic silt non-plastic. non-plastic. Spread footing Can use SPT recommended for
Sandy Erosion of slopes generally values if non- use directly behind
may be a adequate. plastic. or in retaining or
problem. reinforced soil
CL A-6 CLAY Required Required walls.
Inorganic
Lean Clay
OL A-4 SILT Required Required
Organic
! This is an approximate correlation to Unified (Unified Soil Classification system is preferred for geotechnical engineering usage, AASHTO system was
developed for rating pavement subgrades).
? These are general guidelines, detailed slope stability analysis may not be required where past experience in area is similar or rock gives required slope angles.

Table8-1is usedn Reference 1 for Embankments, Cut Slopes, Structure Foundations and Retaining Walls
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Table8-1 continued for use in ference 1 for Embankments, Cut Slopes, Structure Foundations and Retaining Walls

TABLE 3 (Continued)

Soil Classification Embankment and Cut Slopes Structure Foundations Retaining Structures
(Bridges and Retaining Structures) (Conventional, Crib and MSE)
Unified | AASHTO' | Soil Type Slope Stability” Settlement Bearing Capacity | Settlement Lateral Earth Stability Analysis
Analysis Analysis Analysis Analysis Pressure
MH A-5 SILT Required. Required. Required. Required. These soils are not | All walls should
Inorganic Erosion of slopes recommended for be designed to
may be a Deep foundation | Consolidation use directly behind | provide minimum
problem. generally test data needed or in retaining F.S. =2 against
CH A-T7 CLAY Required. Required. required unless to estimate walls. overturning &
Inorganic soil has been settlement F.S. = 1.5 against
Fat Clay preloaded. amount and time. sliding along base.
OH A-7 CLAY Required. Required.
Organic External slope
PT e PEAT Required. Required. Deep foundation | Highly stability
Muck Long term required unless | compressible and considerations
settlement can be | peat excavated not suitable for same as
significant and replaced. foundation previously given
support for cut SIOPCS &
Rock Fills — not required for slopes 1.5H to | Required for Required where Required. embankments
1V or flatter. spread footings rock is badly Use rock backfill
Cuts - required but depends on or drilled shafts. | weathered or angle of internal
spacing, orientation and strength of Empirically closely fractured | friction.
discontinuities and durability of rock | related to RQD’ (low RQD).
May require in
situ test such as
pressuremeter.
REMARKS:
Soils — temporary ground water control may be needed for foundation excavations in GW through SM soils.
Backfill specifications for reinforced soil walls using metal reinforcements should meet the following requirements in insure use of non-corrosive backfill:
pH range = 5 to 10; Resistivity > 3000 ohm-cm; Chlorides < 100 ppm: Sulfates < 200 ppm; Organic content 1% maximum
Rock — Durability of shales (siltstone, claystone, mudstone, etc.) to be used in fills should be checked. Non-durable shales should be embanked as soils, i.e., placed
in maximum 0.3 m (1 ft) loose lifts and compacted with heavy sheepsfoot or grid rollers.

¥ RQD (Rock Quality Designation) = sum of pieces of rock core 4™ or greater in length divided by the total length of core run.

" This is an approximate correlation to Unified (Unified Soil Classification system is preferred for geotechnical engincering usage, AASHTO system was
developed for rating pavement subgrades).

? These are general guidelines, detailed slope stability analysis may not be required where past experience in area is similar or rock gives required slope angles.
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Table8-2: Example + 2% of Optimum Method Calculation

LBR AT MOISTURE CONTENTS(OF
TI\'IEST MA)EL',VF'{UM OPTIMUM LBR) (
' - 2% + 2%
1 165 30 18
2 35 25 25
3 64 60 45
4 35 12 8
5 85 20 45
6 55 45 20
7 33 7 10
MEAN
LBR 67.42 28.42 24.43
VALUE:

AVERAGE = 26.42 (26C DESIGN LBR = 26
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Chapter 9: Presentationof Geotechnicallnformation

Uponcompletionof the subsurfacenvestigationandanalysisthe informationobtained must be
compiled in a report format that is clear and easy to folldws report will serve as the
permanentrecord of all geotechnicadata known during designof the project, and it will be
referencedhroughouthedesignconstructiorandservicdife of theproject. It is perhapghe most
critical function of the geotechnical process.

The geotechnical report shall present the data collected in a clear manner, draw corfotunsions

the datg and makerecommendationfor the geotechnicalelatedportionsof the project. Most

projects will generally require either a roadway soil survey or a structure rétatedation
investigation,or both. For reports preparedby consultants,the basisfort he consul t ar
recommendations shall be documented in the report and retained.

This chapterdescribedhe format for presentatiorof geotechnicatlatafor eachtype of project.
Generabutlinesof thetopicsto bediscusseth thegeotechnicaleportarepresented. For any given
project, certain items may need to be add®&ido included in this chapter are discussions on the
finalization and distribution of the geotechnical report and on the incorporation of its
recommendations into the design.

9.1 RoadwaySoil Survey
The geotechnical report for a roadway soil survey presents conclusions and
recommendations concerning the suitability afita materials for use as embankment
materials. Special problemsaffecting roadway design, such as slope stability or
excessive settlement may also be discussed if applic@hke following is a general
outline of the topics to be included.
9.1.1 GeneralInformation
a. Listofinformationprovidedtothegeotechnicatonsultanfalignment, foundation
layout, 30% Plans, scour estimate, etc.).
Descriptionof theproject,includinglocation,type,andanydesignassumptions.
Descriptionof significantgeologicandtopographideaturesof thesite.

Descriptionof width, compositionandconditionof existingroadway.

®© o o0 o

Descriptionof all methodsusedduringsubsurfacexplorationjn situtesting, and
laboratory testing; along with the raw data from these tests.

f. Providethe makeandmodelof the GPSunit usedto determinethe Latitudeand
Longitude coordinates of borings, bulk samples, muck probe areas, etc.

9.1.2 Conclusionand Recommendations

a. Providean explanationof stratificationof in situ materialsincluding observed
groundwater level and estimated seasonal high/low groundwater levels.

b. Evaluate the strength and extent of unsuitable soils within the proposed
alignmentincludingtheir probableeffecton roadwayperformance.lndicatethe
anticipatedhorizontal and vertical extentof removal of unsuitablematerials.
Provide recommendations for special construction considerations, to minimize
anticipated problems.
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c. Provideestimatedsoil drainagecharacteristicand permeabilityor infiltration
rates. In the case of rigid pavement design, include average laboratory
permeability values for each stratum based on the requirements given in the Rigid
Pavement Design Manual.

d. Provide recommendationgor cut or fill sectionswhen seepagestability or
settlements are significant.

e. Providerecommendationandconsiderationfor anyproposedvalls.

f. Provide recommendationsind considerationdor any proposedstorm water
retention ponds.

g. Provide recommendationdo minimize the effects of roadway construction
(vibratory rollers, utility excavations, sheet pile installation, etc.) on surrounding
structures and on the usage of those structures.

9.1.3 RoadwaySoilsSurvey (Report of Tests)Sheet

This sheet presents a material description and results of classification and corrosivity
testsfor eachstratum. Recommendation®r materialutilization are provided in
accordance witlstandard Plans, Indexes 1@01 and 1202 Visual classification

of muck is not sufficient; present organic and moisture content test re3ks.
number oflab testsperformedfor eachstratumshallbeincludedfor corrosiontests
resultsaswell as classification testdnclude the range of result values of all tests
performed for each straturRound all test values except organic content values less
than 10 and pH to the most appropriate whole number; round pH test results and
organic content values less than 10 to one decimal pgladede all tests performed,
including Mg tests performed btyhe StateMaterials Office. The Reportof Tests
Sheetis includedin the reportandthe construction plan&igure9-1 is an example

of a typical test results sheet.

9.1.4 Roadway(and Pond, etc.) Cross Sections

Stratified boring logs are plotted on the cross section sheets included in the
constructiorplans. Eachmaterialstratumis numberectorrespondingo thestrataon

the test results shedtigure9-2 is an example of a typical cross sections sheet, and
Figure9-3is a typical example of a generalized soil profifecross sections sheets

are to be prepared by others, the appropriate subsurface information should be
provided. The Geotechnical Engineer shall verify that the data has been correctly
incorporated.

Theanticipatechorizontalandverticallimits for removalof unsuitablenaterials shall
be indicated on the cross sections.

9.1.5 Appendix

All roadwaysoil surveyreportsshallincludean appendixcontainingthe following
information:

a. SoilconservatioffNRCS/USDA)andUSGSmapsdepictingtheprojectlocation.
b. Boringlocationplan,plotsof boringlogsand/orconesoundings
c. Resultsof roadwaysoil surveyboringsperformedFor all SPTborings, include
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the information required in 9.2.3.
d. Any otherpertinentnformation.
e. Analysisof thegeotechnicainformation.Include correlations and calculations.

9.1.6 GeotechnicalData for NexGenPlans

TheFinal GeotechnicaDatadeliverableor aprojectis axml file generated from the
FDOT Geotechnical Data Manager (GDM) application. This application is delivered
with the FDOT Connect software and is located in the
C:\FDOTConnedOrganizatiorCivi\FDOT\Apps\GeotechDataManager folder.

The Geotechnical Data file should be named XXXXXXXXXXXhodifier.xml
where XXXXXXXXXX is the projectnumber,the modifier is optionalbut canbe
usedto differentiatedatafiles if morethanoneis deliveredwith the project.The xml
file should be stored in the projectods C

The GDM applicationprovidesthe ability to manuallycreatea deliverable xml file
from scratch.

If adatabaseystemis usedfor storingGeotechnicatlata,the datacanbe exported

out in Excel format that the GDM software can convert to the required xml format.

Excel formatted templates are provided to show how the exported data shall be
formatted for conversion by GDM. These s
Geotechnicalfolder. The existingspreadshedbrmatshouldnot be modifiedin any

way. Once the database data is exported, it should then be imported into GDM then
exported out to the final deliverable xml data file.

Training for this processcan be found at the following YouTube location:
https://www.youtube.com/watch?v=L944Hj2eJ98

9.2  Structures Investigation

9.2.1 Introduction

The geotechnical report for a structure presents the conclusions and
recommendationfor themostsuitablefoundationtypesandinformationrequiredor
incorporatingsuchfoundationsnto thedesigrof thestructure.Recommendatiorfer

related work, such as approach embankments and retaining walls, are also included.

Special construction considerations are notdtems stated in theFDOT
Specification 455hall not be repeated and copied into the repOrily the site
specific items should beecommendedor technical special provisions. The
following is agenerabuideto the contents of a typical structure foundation report.

9.2.2 Scopeof Investigation

a. Description of type of project, location of project, local geology and any
assumptions related to the project.
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b. Vicinity map, including potentiometricmap, USGS and soil survey maps
(NRCS/USDA), depicting project location.

c. Summaryof generakontentof report.

9.2.3 Interpretation of SubsurfaceConditions

a. Descriptionof themethodsusedn thefield investigationjncludingthetypesand
frequencies of all isitu tests.

b. Descriptionof the laboratorytestingphase ncluding any specialtestmethods
employed.

c. Boringlocationplanandplotsof boringlogsandconesoundingsSeeFigure9-4
and Figure 9-5 for examples of Report of Core Borings and Report of Cone
Soundingsheets.Providethelongitudeandlatitudeof eachboringor sounding
belowthestation,offsetandelevation.andthe depthof temporarycasingusedto
performtheboringontheReportof CoreBoringsandReportof ConeSoundings
sheets.Use the standard soil type symbols showRigure9-6 as described in
Table9-2 whenplottingboringlogs. Notethesizeof rock coresampledProvide
the make and model of the GPS unit used to determine the Latitude and
Longitude coordinates of borings, bulk samples, muck probe areas, etc.

Thesesheetsareincludedin thefinal plans;seethe Core Borings sectionof the
FDOT Structures Manual, Volume BtructuresDetailing Manualfor additional
requirementsor thesesheets.

d. Estimateddepthsof scour(usually determinedby the HydraulicsEngineer),if
applicable.

e. Environmentatlassfor bothsubstructur@ndsuperstructuredhyasedn resultsof
corrosivitytests. Thisinformationis alsoreportedontheReportof CoreBorings
sheet. For extremely aggressive classification note what parameter placed it in
that category.

f. Summarytableof soil parametergleterminedrom field andlaboratorytesting.

g. Table of soil parameters to use with computer modeling (suéB-ddultiPier
program).Thesegparametersanbebrokenupinto zonesacrosghe bridge length.
Include all correlations usdd develop the table.

h. Recommendationand considerationgor any proposedwalls. MSE or castin-
place wall recommendations.

i. Discussion of undesirable conditions observed in the borings and undesirable
conditionspresentn the geologicformation(s)encounteredt the site, together
with any impact on proposed construction.

Modification for NorConventional Projects:

Add j: Discussion of anticipated procedures for mitigating undesir
conditions observed in the borings or expected due to the ge
formation(s) encountered at the site.
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9.2.4 Existing Structures Surveyand Evaluation

Existingstructurego be protectednayincludesensitivesites,suchasthoselisted in

FDM Chapter 117 The Roadway Design Office has determined the Roadway
Engineerwill generallydeterminewhetherthere are sensitivesites,suchasthose

listed in 117.3in proximity to the project. The Departmentwill make a final
determination whether revised thresholds of settlement and vibration are warranted.

Whenrequestedby the EOR:

1. The geotechnical design effort should evaluate these structures and confirm
monitoring during constructionis warrantedoasedon the anticipatedsoil type,
building characteristicgtype, use,condition, etc.), proximity andthe proposed
construction operations.

2. AssisttheEORIn developingmitigationstrategiemandevaluatingvhethedimits
on vibration limits and settlementsmore stringent than those specified in
Specificationl08 should be required for these structures.

3. Recommendand discusswith the Departmenthe potentialneedof specifying
different movement thresholds.

4. Prepare a Modified Special Provision to specify the revised thresholds of
vibrationandsettlemenidentifyingthesensitivesiteswherethesehresholds shall

apply.
Where there is a potential impact on existing structures in the surrounding area, the
geotechnical report should include the

estimated vibration level that may cause damage, the usage (storage building,
hospial, etc.), what the potential problem may be and what actions should be taken
to minimize thempact.Ensurehatsettlemenandvibrationmonitoringarespecified

in theplansfor the sites requiring these revised thresholds

Where construction dewatering may create a potential impact on existing structures
in the surroundingarea,the reportshouldincludethes t r u caddressgypesof
construction, the degree of dewatering that may cause damage, the usage, what the
potential problem may beand what actions are recommended to minimize the
impact.

Ensuresettlementmonitoring of existing foundationsincluding those of FDOT
ownedstructuress specifiedin the planswhenpotentiallyvulnerableto vibrations,
pile driving, and excavations as discusse8eaation8.2

9.2.5 Structure Foundation Analysisand Recommendations

Alternate foundation recommendations should be provided for all structures
including recommendationtr GRSabutmentsspreadootings,driven piles, auger

cast pilesanddrilled shafts. An explanation should be included for any of these
alternativegudged not to be feasibleThe types of analyses performed should be
summarized.
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Modification for NonConventional Projects:

De l

ete the previous paragraph a
analysis and recommendations for the preferred foundation

9.251

9.25.2

9.25.3

GRS Abutments

1.

Summarize evaluation including reason(s) for selection and/or
exclusion.

2. Designsoil pressurdasedn settlemenandbearingcapacity.

3. Estimatedshort and longtermsettlementassumingsRSabutmentsre

constructed in accordance with Specification 549.

4. Soilimprovemenmethod(s).

Estimatethe reductionin settlementanticipatedresulting from these
improvement methods.

6. Sinkholepotential.

7. Providetheinformationrequiredin the DevelopmentabtandardPlans

Instructions, Index D6025

SpreadFootings

1.

Summarize evaluation including reason(s) for selection and/or
exclusion.

2. Elevationof bottomof footing or depthto competenbearingmaterial.

3. Designsoil pressurdasedn settlemenaindbearingcapacity.

Estimatedshort and longermsettlementassumingspreadootingsare
constructed in accordance with Specification 455.

5. Soilimprovemenmethod(s).

7.

If soil material needs to be over excavated and replaced, recommend
plan notes specifying the depth of excavationProvide
recommendations for technicaspecial provisions for footing
construction,including compaction requirements and the need for
particular construction methods such as dewatanmpgoof rolling in
additionto therequirement# Specifications 125 and 45&stimate the
reduction in settlements anticipated resulting from these special
requirements.

Sinkholepotential.

Driven Piles

1.
2.

Suitablepile typesandreasongor designselectionsandexclusions.

Plotted design curves of soil resistance for selected pile size alternates.
Plotted curves should presentthe Davisson capacity, ultimate skin
friction and mobilized end bearing versus pile tip elevation for the
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existing soil profile. The Davisson capacity is equivalent to the LRFD
nominal resistance @R

Provide separate pile analyses for each recommended pile size, for each
SPT boring and/or CPT sounding?rovide a corresponding pile
capacity curvéor eachanalysis.Whenmorethanoneboringis takenat

apile group or when it is appropriate to otherwise generalize the soil
strata, show the corresponding pile capacity curves together on the same
plot and establish the lower bound for that pile group.

. Estimatectlevationof consistenbearingayersuitablefor providingthe
required nominal resistance without the risk of punching shear failure.

. Recommendations for pile length or bearing elevation to minimize post
constructiorsettlementsn soil layersor punchingshearfailure of rock
or hard layers.

. Recommendations for pile length or bearing elevation to provide the
nominaluplift resistance(Theresistancdactorfor uplift is determined

by theConstructiorQC methodusedo verify uplift resistanceseeSDG
Table 3.5.61).

. Estimatedile settlemenandpile groupsettlementor theminimumtip
elevation.

7. Effectsof scour,downdragandlateralsqueezeif applicable.

8. Estimated maximum pile driving resistance to be encountered in

reaching the minimum tip elevatioff. the FB-Deep Davisson bearing
capacity computedt or abovethe minimumtip elevationexceedghe
MaximumPile Driving Resistance defined in Table 3.2 of the Structures
Design Guidelines, determine the preforming or jetting elevations
required to reduce the driving resistance to an acceptable magnitude.
Provide additional capacity curves required by the FDOT Structures
Design Guidelines on separate pages.

. Recommendedimitations on predrilling/preforming operations to
prevent impacts from observed or expected artesian conditions.

10. Recommendebbcationsof testpiles.

11. Selection of load test types, locatipasd depths where applicable. For

static, Statnamig¢ or Osterbergoad testing,the ultimate load mustbe
shown in the plan@he greater of 2 times the factored design load or the
design nominal resistance)

12. Recommendation®r specialnotesandpossibleMSPto avoidimpacts

of potentially damaging installation procedures on existing foundations
including FDOT owned structures as discussesidation8.2

13.Recommendations for special provisions for pile installation (special

needs orestrictions).Speciakonstructiortechniquesnaybeneededo
minimize the effects of foundation installation discussedséattion
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9.254

9.24

14.Recommendations and special techniques to address the effects of
temporarycofferdamsor sheetpiles on the pile capacity;seeSection
8.3.6

15. Presentecommendationfor informationto be placedin the Pile Data
Table shown in th&PI for FDOT Standard Plans Index 4531

16.Present soil parameters to be used for lateral analysis accounting for
installationtechniquesindscour.TheGeotechnicaEngineeshallcheck
the final lateral load analyses for correct soil property application.

17.0n small projects with reasonably predictable bearing layers, provide
the productiompile lengthsin the Pile DataTablefor eachbentrather
thantestpile lengths.

18.Sinkhole potential and its implications for pile installation and
performance.

19.Include a list of pay itemsand thé& associated quantities the
Geotechnical report and ensure they are implementixe plansRefer
to the Speifications 455 for driven pile pay itemsnd the BOE for
details

Drilled Shafts

1. Include plots of resistance versus tip elevation for selected alternate
shaft sizes. Plots should be developed for both factored) (@nhd
nominal (Q) resistance and should show end bearing, skin frictioo
total resistance (erakaringshallnot be discounted). Depthsof scour
analyzedshouldbeincluded.

2. Unless otherwise specified, separate shaft analyses for the

recommended shaft sizes are to be performed for each SPT boring
and/or CPT sounding. Providesistanceersugip elevationcurvesfor
eachanalysis.Whenmore than one boring is taken at a shaft group or
when it is appropriate to otherwise generalize the soil strata, the
corresponding resistance versus tip elevation curves are to be shown on
the same plot and a recommended relationsiipblishedor that
particularstructure(s). Indicatethe unit skin friction and end bearing
valuesusedfor the analyses. Ensuresocketlengths are sufficient to
prevent punching shear failure in cases where the foundation is
anticipated to tip in a strong layer underlain by weaker layer.

3. Provide recommendationsfor minimum shaft length or bearing

elevation, forshaftdiameteranddesignsoil resistance.Theminimum
socketength should be indicated, if applicable (Hateral).

4. Minimum shaftspacingor influenceof groupeffectson capacity.
5. Effectsof scour,downdragandlateralsqueezef any.
6. Estimatedrilled shaftsettlementindshaftgroupsettlement.
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9.25.5

7.

Recommend test types, locatipaad depths. For static, Statnapoc
Osterberdoadtesting theultimateloadthetestshouldbetakento must

be shown in the plans (for LRFD designs, the greater of 2 times the
factored design load or the nominal resistance).

Recommendationfer specialnotesandpossibleMSPto avoidimpacts
of potentially damaging installation procedures on existing foundations
including FDOT owned structures as discussesidation8.2

Evaluatethe needfor technicalspecialprovisionsfor shaftinstallation
(specialneedsor restrictions). Specialconstructiortechniquesnay be
needed to minimize the effects of foundation installation discussed in
Section9.2.4

10. Presentrecommendationor informationto be placedin the Drilled

Shaft Data Table shown in the FD@DM.

11.IncludethepotentiometricSurfaceMap information.

12. Presensoil/rockparameterto beusedor lateralanalysisaccountingor

installationtechniquesindscour.

13. TheGeotechnicaEngineesshallcheckthefinal lateralloadanalysisfor

correct soil/rock property application. Sinkhole potential and its
implicationsfor drilled shaftconstructiorandperformance.

Auger CastPiles

1.
2.

Suitablepile sizes.

Plotteddesigncurvesof soil resistancdor selectedile sizealternates.
The ultimateskin friction capacityis equivalentto the LRFD nominal
resistancgR,). Rock sockete@uger cast pilefor structuresother than
miscellaneousshall be designed in accordance wihpendix A

Provide separate pile analyses for each recommended pile size, for each
SPT boring and/or CPT sounding?rovide a corresponding pile
capacity curvéor eachanalysis.Whenmorethanoneboringis takenat

apile group or when it is appropriate to otherwise generalize the soil
strata, show the corresponding pile capacity curves together on the same
plot and establish the lower bound for that pile group.

Estimatecklevationof consistenbearingayersuitablefor providingthe
required nominal resistance.

Recommendation®r providingthenominaluplift resistancéseeSDG
Table 3.5.2eR).

Estimategile settlemenandpile groupsettlementor therecommended
tip elevation.

6. Effectsof scour,downdragandlateralsqueezeif applicable.

7. Recommendebbcationsof demonstratiomilesandloadtestpiles.

8. Theultimateloadfor theloadtestmustbeshownin theplans(thegreater
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of 2 times the factored design load or the design nominal resistance).

9. Recommendations and special techniques to address the effects of
temporarycofferdamsor sheetpiles on the pile capacity;seeSection
8.3.6

10. Presentrecommendationor informationto be placedin the Drilled
Shaft DataTable shownin the FDOT StructuresDetailing Manual
(Change he title of the table to fAAuge

11.Present soil parameters to be used for lateral analysis accounting for
installationtechniguesndscour.TheGeotechnicaEngineeshallcheck
the final lateral load analyses for correct soil property application.

12.Sinkhole potential and its implications for pile installation and
performance.

9.2.6 Roadwayand Approach Embankment Considerations
9.2.6.1 Settlement

1. Estimatednagnitudeandrateof settlement.

2. Evaluation of possible alternatives if magnitude or time required for
settlements excessiveandrecommendetteatmenbasedn economic
analysis, timgand environmental constraints

9.2.6.2  Stability

1. Estimatedoverall stability usingthe latestAASHTO LRFD resistance
factors.

2. Evaluation of possible treatment alternatives if required resistance is not
provided. Recommendetteatmentasedon economicanalysistime,
and environmental constraints.

3. Verify stability for fully saturateconditions.

9.2.6.3 Construction Considerations
1. Speciafill requirementsinddrainageatabutmentvalls.
2. Constructiormonitoringprogram.

3. Recommendations for technical special provisions regarding
embankmentonstruction.

9.2.7 Retaining Walls and Seawalls
a. Settlemenpotential

Recommendethteralearthpressurgarameters.
Recommendedall typeaccordingo the FDOT DesignManual(FDM).

Factoredsoil resistancer alternatefoundationrecommendations.

®© a0 o

Factoredsoil resistanceand loads with respectto sliding and overturning
(including standard index wall designs).
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f. Overallstability of walls.
g. Thedesignwaterelevation.

h. Recommendation®r technicalspecialprovisionsfor fill material(exceptMSE
walls) and drainage.

i. Specialconsiderationdor tiebacks,geotextiles,reinforcing materials,etc., if
applicable.

j. MSEreinforcementengthsrequiredfor externalstability, if applicable. Seethe
FDOT SDGand theEDM for details.

9.2.8 Steepenedlopes

a. Estimatedesistancéactoragainsinternalandexternalstability failure based on
LRFD.

b. Spacingandlengthsof reinforcemento provideastableslope.

c. Designparameterfor reinforcemenfdesignstrengthdurabilitycriteria,and soi
reinforcement interaction).

d. Fill materialproperties.
e. Specialdrainageconsiderationgsubsurfacendsurfacevaterrunoff control).
f.  Verify stability for fully saturateatonditions.

9.2.9 Technical SpecialProvisions

Technical Speci al Provisions (TSP6s)
Specificationgor aprojectonly whenextraordinaryprojectspecificconditionsexist.

The Departmenhasavailablea small numberof TechnicalSpecialProvisionsfor
various items of work tailored to previous projects. These Technical Special
Provisions can be obtained from the District Geotechnical Enginefomor the
following website:http://www.fdot.gov/geotechnical/publications.shtm

T S Pdbtainedfrom the Departmentveretailoredto reflectthe specificneedsof a
previous project, and they will need to be updated and revised to reflect the needs of
your specific project.

9.2.10 Appendix

All structure@nvestigatiorreportsshallincludeanappendixcontainingthe
following information:

a. Reportof Core Borings (or Reportof SPT Borings) Sheet.(SeeFigure 9-4)
(Note the FDOT Geotechnical CADD Standard menu is available.)

Colorphotographsf rock coresindicatingboringandcoreelevation.
Reportof ConeSoundingSheet(SeeFigure9-5)
Datalogsor reportsfrom specializedield tests.

®© a0 o

Laboratorytest datasheets.The following are examplesof what should be
provided.
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9.3

1. Rock Cores: Location, elevation, Maximum Load, Core Length, Core
Diameter, Moist Density, Dry Density, Splitting Tensile Strength,
Unconfined Compressive Strength, Strain at 50% of Unconfined
Compressivétrength Strainat Failure andCorrectedlangent
Modulus (adjustheorigin to eliminateseatingstressesjsethe
adjustedrigin and the slope of the linear portion of the Stress vs.
Strain curve).

2. Rockcoredatareductionandstatisticalanalysesbtainingdesignside
resistance for drilled shaft socket in rock, if applicable, according to
Appendix Aof this Handbook.

3. GradationstLocation,elevationtestresults.
4. CorrosionTests:Location,elevation testresults.

5. ConsolidationTestsplotsof evs.logp anddisplacemenis.time (both
sqrt time and log time), and index properties of tested materials.

f. Engineering analyses(bearing resistance,lateral stability, group effects,
settlement, global stability, punching shear, downdrag, scour, and other
applicable analysesincludecorrelations and calculations.

g. Recommendegdlannotes.
h. FHWA checklist.
i. Protectiomf ExistingStructurehecklist

j. Copiesof actualfield boring logs with all d r i | Aotesrarsd éiandwritten
refinements, if any (not typed logs).

k. Any otherpertinentinformation.

Final or SupplementaryReport

To obtain the optimum benefit from the geotechnical investigation, it is imperative that
the Geotechnical Engineer and the project design and construction engineers interact
throughout the duration of the projecthe input from the Geotechnical Engineer
should be incorporateidto the projectasit develops.Often,the geotechnicateport,

which is initially prepared,s consideredpreliminary. As the designof the project
progresseghe geotechnical recommendations may have to be modifiéten the
project approaches the final design stdalye GeotechnicaEngineershouldpreparea

final or supplementaryreport to revise his assumptions and recommendations if
necessary in accordance with the final design plahefollowing topicsshouldbe
includedin thisreport:

1. Finalrecommendeébundationtypeandalternates.

2. Sizeandbearingelevationof footing or size,length,andnumberof pilesor drilled
shafts at each structural foundation unit.

3. Finalfactoreddesignloads.
4. Requirementfor constructiorcontrolfor foundationinstallation.
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9.4

9.5

9.6

5. Possibleconstructionproblems,such as adjacentstructures,and recommended
solutions.

6. CommentsssuednthepreliminaryReportby theDistrict GeotechnicaDffice and
the State Geotechnical Office (if applicable) and the corresponding responses.

Signingand Sealing

Submittals are required to be electronically signed and sealed; geotechnical documents
shall be signed and sealed by the Professi&@maineer in responsible charge in
accordancewith Florida Statutesand the Rulesof the State Board of Professional
Engineers. The following documents are included:

Table9-1. Signing and Sealing Placement

Geotechnical Report First page of official copy
Technical Special Provisions | First page of official copy
Roadway Soils Survey Sheet | Signature Sheet of the Pla
Report of Core Borings Sheet | Signature Sheet of the Pla
Report of Cone Soundings Sh¢ Signature Sheet of the Pla
Other Geotechnical Sheets Signature Sheet of the Pla

For supplemental specifications and special provisions, which cover other topics in
addition to GeotechnicalEngineering,the engineerin responsiblechargeof the
geotechnical portionshouldindicatethe applicablepages.SeeSection130 of the

FDM.

Distribution
Thefollowing officesshouldbeprovidedcopiesof geotechnicateports asapplicable:

ProjectManager.

District GeotechnicaEngineer.
District DrainageEngineer.
District StructuralDesignSection.
RoadwayDesignSection.

o 0k~ whRE

StateGeotechnicaEngineer(for Categonyl structures).

Modification for NonConventional Projects:

Delete the above distribution list and see the RFP for requirements

Plan and SpecificationReview

In additionto writing the report,the GeotechnicaEngineershallreview all phaseof

the plans and specifications to ensure that the geotechnical recommendations have been
correctly incorporated.

A marked up set of prints from the Quality Control Review, signed bgeb&echnical
reviewer,shall be submittedwith eachphasesubmittal. The responsibleProfessional
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9.7

9.8

Engineer performing the Quality Control review shall provide a siggtattment
certifying the review was conducted.

FDOT Standardand SupplementaSpecificationsshall not be changedexceptin rare
cases,then only with the approval of the District GeotechnicalEngineer.The
Specifications Office requires a Modified Special Provision for all project specific
changes to the FDOT Standard and Supplemental Specifications.

Modification for NonConventional Projects:

Delete the last Paragraph and insert the following:

FDOT Standard. Supplemental and Developmental Specifications shall
changed except in rare cases; then only with the approval of the Engine

Electronic Files
Theconsultanshallsubmitanelectroniccopy of:

1. Thefinal approvedyeotechnicateportin MS Wordformat. Includethe boringlog
sheetsn DGN formatandincludetheinputfiles usedn the analysis programs (FB
Deep, FBMultiPier, etc.).

2. ThecompletedExcelspreadsheetith soil boringandlocationinformation forthe
FDOT GIS Soil Boring Databas¢ogethemwith theboringprofilesin PDF format.

If the consultant uses a computer program in the design process that is not listed for use
in thishandbookthefollowing additionalitemsshallbeincludedin thereportsubmittal:

1. Example hand calculationsverifying the resultsof the c o n s u Iconmputer 6 s
programs shall be included in the calculations package.

2. Anelectroniaccopyofthegeotechnical o n s u Iprogramdndtiecomputer input
data files.

Unwanted
Someof thethingswe do notwishto seein thereportare:

1. Do notsummarizeor retypestandardestmethodsor FDOT specificationsnto the
report. Specificationsandtestmethodsshouldbe referencedoy number,and the
reader can look them up if needed.

2. Do not change the Standard Specifications without valid justification. (For
exampledo not changethe MSE wall backfill gradationjpaseyour designon the
backfill material required in the Standard Specifications.)

3. Donotincludelongverbaldescriptionsvhenasimpletablewill beclearer
4. Do notburythecapacitycurvesin printedcomputemutputfiles.

125



STATE OF FLORIDA
DEPARTMENT OF TRANSPORTATION
MATERIALS AND RESEARCH

PROJECT NAME:
FINANCIAL PROJECT ID :

DATE OF SURVEY ___2/I5/2018-5/1/2018
SURVEY MADE BY ___SOIL SURVEY. INC.

DISTRICT __3

STRATA BOUNDARIES ARE APPROXIMATE MAKE FINAL CHECK AFTER GRADING
¥ - WATER TABLE ENCOUNTERED
SZ. - ESTIMATED SFASONAL HIGH GROUNDWATER LEVEL

The material from Stratum Mumber 1 is Rock Base under Asphattic Concrete GNE - GROUND WATER NOT ENCOUNTERED

The malerial from Stratum Number 2 appears satisfactory for use in the embankment when utilized in accordance with Standard Plans, Indox 120.00).

The material from Stratum Number 3 appears satisfactory for use in the smbankment when wtilized in accordance with Standard Plans, Index 120-00f, Mowever, this material is likely to
retaln excess moisturé and may be difficult ta dry and compact. Tt should be used In the embankment above the water leval existing at the time of canstruction
This material may not be used in the subgrade portion of the rosdbed due to its organic content

the time of construction, to within 4 feet of the proposed base. Ihey should be placed uniformly in the lower portion of the
depths for short distances.

The material feom Stratum Numbers 6 and § is ORGANIC/A-8 material and shall be removed in accordance with Standard Plans. Index 120-002, except where noted in the crass sections

for some

The material from Stratom Number / is Highly Plastic material and shall be removed in accerdance with Standard Plans, Index 120.002. It may be usad within the praject limits
as indicaled in Srandscd Plans, Index 120-001 only when excavated within the project imits and is oot fo be used when obtained from outside the project limils,

The material from Stratum Number 9 15 the Natura) Limestone Formation. Special togls and equipment may be cequired to excavate and/or dewater this material.

The materials from Stratum Numbers 4 and 5 ace plastic materials and shall be removed in accordance with Standacd Plans, Index 120-002. They may be placed above the existing water fevel at
along the praject rather than futl

LTS
\“Il 11y,
‘\\“ CROS¢ /s,

1 Sy,

SUBMITTED BY : ____LEIA L CROSSWELL PE COUNTY :_BAY
CROSS SECTION SOIL SURVEY FOR THE DESIGN OF ROADS
SURVEY BEGINS STA :__125+87 SURVEY ENDS STA. @ _442+67
REFERENCE: BASELINE SURVEY
ORGANIC MOISTURE SIEVE ANALYSIS RESULTS ATTERBERG
CONTENT CONTENT % PASS LIMITS (%) CORROSION TEST RESULTS
STRATUM  NO. OF * NO. OF * NO. OF N 40 60 100 200 NO. OF UQUID  PLASTIC AASNTO DESCRIPTION NO. OF RESISTIVITY CHLORIOE SULFATES ntl
MO _TESTS ORGANIC TESTS MOISTURE TESTS ~_MESH _MESH _MESH _MESH =~ _MESH  JESTS LT _INDEX _GROUP JESTS  __ohmeem pom pom
1 [ - a - [} - - - - o NP ROCK BASE 0 - -
2 0 - 0 - £ §7-28 7793 3982 A4-55 3 4 - NEP A3 SUBGRADE. GRAY & TAN SAND W/TRACE 5I(7T. LIMEROCK & SHELL 0 - - -
3 7 3244 7 a-20 7 §4-100 B6-94 657 445 152 @ NP A2 FILL, DARK BROWN SAND W/SOME SILT & TRACE LIMEROCK 4 34060-43000 do-60 wn 6482
4 | 1222 4 1525 4 semw0  n93 6090 s382 4 4 2538 59 A4 GRAY AND BROWN SILTY SAND W/TRACE CLAY AND LIMESTONE FRAGWENTS 4 2300026000 60120 5496 2489
5 0 - 0 E] 109 99900 9698 75-80 30-34 3 4244 nis £27 VAN AND UGHT GRAY SILTY SAND W/SOME CLAY AND TRACE SHELL 2 6600-8000 &0420 156-216 7582
6 3 2240 3 a7-150 3 - - - - 046 3 25-33 1915 AF MUCK. ORGANIC DARK GROWN SILTY SAND W/SOME CLAY o = - - -
7 Ll - o - 3 100 2892 7379 60-69 5155 3 5561 38-53 AT-6 YELLOW AND GRAY SILTY SANDY CLAY 0 = - - -
8 1 1820 ] 2088 3 95000 9799 8897 7780 1015 o ne. A24  ORGANIC BROWN SAND W/TRACE SHELL 3 20003500 120 120 4682
E 0 - a - 0 - - - - - 0 - - - NATURAL LIMESTONE ] - - - -
EMBANKMENT AND SUBGRADE MATERIAL

THIS ITEM HAS BEEN DIGITALLY
SIGNED AND SEALED &Y

Leia |, Crosswell
2018.10.11 8:31:01 - 400"

ON THE DATE ADJACENT TO THE SFAL

PRINTED COPIES OF THIS DOCUMENT ARE
NOT CONSIDERED SIGNED AND SEALED
AND THE SIGNATURE MUST BE VERIFIED
ON ANY ELECTRONIC COPIES.

SOIL SURVEY. INC.

321 EAST 2ND STREET

TALLAHASSEE, FL 32301

CERTIFICATE OF AUTHORIZATION: f1235
LEIA | CROSSWELL, P.E NO. 99995

The * - * indicales an unmeasured porameler
REV(SIONS G ¢ 3
LEIA J. CROSSWELL, PE STATE OF PLORIDA SHEET
DATE GESCRIFTION DZTE BETCATPYION PE. G 99995 DEPARTMENT OF TRANS PORTATION NO.
URVEY, INC. -
s,g;‘é,i,vim S$RFEI RGAD 0. COUNTT FINANCIAL PROJECT 1D ROADWAY SOIL SURVEY
TALLAHASSEE, FL 32301 GR-1
Y 45641524
CERTIFICATE OF AUTMORIZATION: 11235 | °F %2 i adaldatoll

Figure 9-1: Typical Report of Tests Sheet
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Figure 9-2: Typical Roadway CrosSection Sheet

Note: The requiretbordermay differ
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"GENERALIZED" SOIL PROFILE
SR 123 MULTILANE RECONSTRUCTION
__ SOUTHBOUND SOIL BORINGS
RWB-1226 RWE-12284 RWB-1230 RWB-1232 RWE-1234 RWB-1236
100 . SR 1 e e YN
1 |
1
|
|
20 I L N R %0
|
EXISTING GROUND |
80
£ 70—~ &
w - w
i =
z
& 8
< g
S it
@ 8o z
5 Tel
| T
50 _ _ [ S 7—|1T 50
1
1 L] 3
1 GHNE L
40— [ S — 40
30 | —ap
|| (EGEWD
| INTEe — . . —
|| NOTES |17 = weasureo 24-noum crRouNDwATER.
I 1 o is iy ATER NOT ENCOUNT y
| J. NUNBEES N CE OF BORINGS INDICATE THE STRATUM NUMBER, | 2. GNE MEANS GROUNIWATER NOT ENCOUNTERED. STA 1226+00 - 1236+00
2. SEE CLASSIFICATION DATA SHEETS FOR STRATUM PROFERTIES.
3. NUMBERS TO RIGHT OF BORING INDICATE STANDARD PENETRATION
TEST (SPTIN-VALUES EQUIVALENT VALYES FOR 12-INCH PENETRATION.
4. ELEVATIMNS DETERK. FROW PLANS PROVIOED BY VOLKERT, INC.
5. THE PROPOSED GRADE SHOWN 15 THE ELEVATION AT THE
I P OF THE PADPOSED PAVEMCNT.

Figure 9-3:

Example ofGeneralized Soil Profile
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BORNG No.. B-1
STATION:

maH'l'

LEGEND

NOTES:

OFLLE Bl s SANDY CLAY 1) LAYER BOUNDARIES ARE APPROXIMATE AND
LAI'ﬂ'UDE 29 0)5042 REPRESENT SOL LAYERS AT EACH TEST HOLE
LOMGTLCE: 0.5 1540 SAND SILTY CLAY LOCATION OMLY. SUBSURFACE VARIATI
ELEWEN 100 BETWEEN BORINGS. SHOULD BE ANTICIPATED.
SILTY SAND cLAY
90 i . 2 OF THE ST. JOHNS RVER
PHALT PHALT CLAYEY SAND LIMESTONE *!TER MEHENT DISTRICT POTENTIOMETRIC
s "‘\ IMEROCK BASE 22 (LIMEROCK. " MAPS OF UPPER FLORIDAN lCIIJIFER FW
+ BROWN SLTY FNE SAND, TRACE 12 EROWN FINE WITH + ASSI T PROIECT AREA, THE POTENTIAL
[IMEROCK BASE - 5 AND TRACE SHELL (SP) ) o o USHNRoN o HEAD ELEVATION |5 ESTATED 10 BE £10 FEET
0 CRASH SR TO. ram 8 [GRAY TO LIGHT BROWN FINE SaND 0 TG CANDLE. ARTESUN WATER LEVELS UP TO
5 ?;F':‘E W e T8 5|u' (SP) L] aHELLém}CN —5M o 5 u-n-ﬁ (‘mﬁug}ﬁiﬁu“iﬁ‘é‘,“““‘“ HEVEL ELEVATION +10 FEET NGVD.
= FINE SAND, TRACE SHELL b
B, SR PLATEY. TS0 11, runs wosuer cona ¢ 3) HORING STATIONING AND ELEVATION PROVIDED BY
B 12 TRAC " w=0 N-l W = FDOT SURVEY AND MAFPING.
L 13 Qaar.T) CREDNEN cauy (e S0 15 A gHEIL"’éE e ot ~200=0 PRES ES PASSING No. 200 SIEVE 8 %)
2 12 TO FINE SAND WITH SILT (SP){SP- 7 15 520N FINE SAND (sP) =
-15 1 12 e G S0 CLAY R -15 PI=0_| PLASTICITY INDEX (%)
- Wi | eRemsH STANDARD PENETRATION RESISTANCE IN
- ' r GREDIS GRAY SILTY FINE SAND, -
= | St ey Y FINE SAD, 4 SAND (M) m N BLOWS PER FOOT UNLESS OTHERWISE
-5 13 5 : mz::msn omv SILTY CLAY (CL)(CH) 25 HOTED ENVIRONMENTAL CLASSFICATION:
12 DARK GRAY SILTY FINE SAND (SM) 9 BROWN FINE SAND WITH SILT (SP—SM) 5076 NUMBER OF BLOWS REQURED (50) TO L
21 L 13 I DRVE SAMPLNG SPOON (6) INCHES EXTREMELY AGGRI
_3n o iy sém‘) PN SAHD AT SOME 13 gmﬁs&w} FINE SAND WITH ABUNDANT —0 (8)
SHELL (SM o SAMPLING SPOON ADVANCED UNDER WEIGHT
30 3 WR STEFL: EXTREMELY AGGRESSIVE
_3s GRAY FINE SAND WITH SILT, TRACE -35 OF ROD
a2 29, SHELL AND PHOSPHATES (SP-SM) (CHLORIDES 4500 ppm)
a8 GRAY TO_GREENISH GRAY FINE SAND 35 SAMPLING SPOON ADVANCED UNDER WEIGHT .
- L - WH CONCRETE: EXTREMELY AGGRESSIVE
40 WITH SILT, TRACE SHELL {SP-SM) 23 GRAY SILTY FINE SAND WITH SHELL 1 OF HAMMER (HORIDES. 4500 pprm)
s a3 13 | AND PHOSPHATES (SM) as
7 4— DRILUNG FLUID CIRCULATION LOSS
L -0 1 12 o
& . B RO o
& -5 GREENISH GRAY SILTY TO SANDY CLAY, H -55 STRHOARD FENETRATION TEST DATA
TRACC SHECLL (CL)(CH) GREENISH GRAY SILTY CLAY WITH SOME SPOON INSIDE DIA 1 Jfﬂ \n
% o 73 SHELL (GL)(CH) -60 SPOON_OUTSIDE DiA.
= W=56 53 ASTM STANDARD DROP AUTOMATIC Hmll[ﬁ
& —200=74 = AVG. HAMMER DROP
o -85 LL=58 = -65 HAMMER WEIGHT 140 s,
Pi=35 =
=70 : E -7 CRANULAR MATERIALS
s ¢ <74 4
1 12 o RELATIVE SPT
=78 3 =75 DENSTY BLOWS /FO0
1] GREENSH GRAY SLTY FINE SAND, 12 ,1!. LIGHT GRAY TO GREENISH GRAY SILTY @
_m0 11 ELL (SM) 5 REHA]  FINE SAND WITH SOME SHELL (SM) _s0 ‘L’S.SEELME LESS "“;‘_g
. - GREEMISH GRAY CLAYEY FINE s‘.‘nun’ ; ’ - MEDIUM DENSE 22_33
- WITH SHELL AND PHOSPHATES (SC) - L -
GREENISH GRAY CONSOLIDATED Cl s. gﬁgﬂl\?é }GRA* SILTY CLAY, TRACE VERY DENSE CREATER THah 49
%0 WITH SHELL AND PHOSPHATES (Cl)([:l'l) %0
SILTS AND CLAYS
1p0% / GREENSH GRAY CONSOLDATED CUAY =
=90 ELL, PHOSPHATES AND SOME -85 CONSISTENCY (BLows/Foan)
so/2" = S S (cLY(CH)
-100 3 E7/78 ~100 VERY SOFT LESS THAN 1
e E & i
_105 f; 3 GRAY WEATHERED LIMESTONE = —105 STFF 612
= = VERY STIF 2-24
-110 = E 41 GREATER THAN 24
- = GRAY WEATHERED LWESTONE,
~118 s0/0” 3 3 TRACE LMESLTS _118
-120 RING TERM. @ 125.0 -120
3° CASING 10 11507 g1o0%
3 BORNC DRILLED: 3/7/18-3/5/18 E ks
TAMMET? TYPC: AUTOMATIC ﬂﬂfan_-
-130 DRILLED BY: ROB B0RG TERM. @ 1350 ~130
1
BDRFNG OﬁILLED !/B,I’IB Jé!j,ha
e Vot 650
DﬁI'LLED ET ROB
RE IS IOMNS m STATE OF RIDA m |eer. owa. wo.
CHECKED BY: | DEPARTMENT OF TRANSPORATATION REPORT OF CORE BORINGS
ROAD . GOUNTY [ FIRANGIAL PROVECT D e s
orRaRD BARRACUDA BRIDGE REPLACEMENT SHEET WO
oo | ek B eliee lin cnd) BARRACUDA BOULEVARD -

Figure 9-4: Typical Report of Cor8oringsSheet
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EsT. e
RGN

TSAiEeE na. tealrs) LACE PAMKEW RALNAZE LANAL

Notes:

Geographical Positioning System (GPS) coordinates were
determined using a 4 satellite minimum autonomous sofution
from a WAAS enabled hand held GPS unit

Cone Penciration testing (CPT) was in accordance with ASTM D5778

(electronic friction cone and pierocane Penetration testing)

CPT Rig: Vertek Push 10 Ton

BENCHMARK LOCATION DESCRIPTION
BM#234; Standard FDOT concrete monument with brass disc
Al Elevations based on BM #234, Datum NAVD 1988

ENVIRONMENTAL CLASSIFICATION
Superstructure - Slightly Aggressive

Suhstructure - Moderalely Aggressive (Sleef)
Slightly Aggressive (Concrete)

CORROSION SERIES TEST RESULTS

Rre]sf.stfw'ry Chiorides  Sulfates i
Bums ppm L2l (Soil)
4000-16000 0-300 40-60 6.4-6.7

The CPT data shown represents subsurface conditions within
the sounding at the time of testing. Mo warranty as o the
subsurface condition, strata depth or soll consistency belween
or outside sounding locations is expressed or implied by
these plots.

ELEV
™

1o

CPT-1

Sta. 231+70
Off. 0" / ¢ Const. SR 600
Eflev. 109.62'
Date 4/10/14

Tip Resistance
atTer

500

Loesl Fretion
Fs TSF
o

Operator: McLaughfin
Cane ID: DSAIO90
Lat. 28°2'52.1"N
Long. 81°53'13.4"W

Fricton Ratio
Fail i)
o

Iaximum Depih - 41.34 feat

Dl Increment - 0164 feel

ELEV
m

CPT-2

Sta. 233+60 Operator: McLaughlin
Off. ' / ¢ Const. SR 600 Cone ID: DSA1090
Elev. 108.50' Lat. 28°2'52"N
Date 4/10/14 Long. 81°53'11.5"W

T Resisance Locai Prction Feton st

P FaTsE et
f o 40 G

Iaximum Depth - 41.01 feat Depin Incrament - 0164 feel

Figure 9-5: Typical Report of Cone Soundings Sheet

Note: Required border may cbif
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REVISIONS OF RECORD: RN STATE OF FLORIDA (EEETTIIE: FeF. DG kO
[T VESHPT N W [ er CEEaE IVAN F. SOKOLIC, P.E. #6414 | | EPARTMENT OF TRANPORTATION REPORT OF CPT SOUNDINGS FOR BOX CULVERT
FLORIDA DEPARTMENT OF TAANSPORTATION | irs 05-14
DISTRICT ONE MATERIALS OFFICE [CECT N A LEHATY I =gy p—
B01 N. BROAIRAY AVENUE
BARTOW, FL 33830-3002 THECHEDEY 600 POLK 431208-1-52-01 | RT 600 (US 92) FROM RE¥YNOLDS ROAD TQ SCHALAMAR CREEK
e TIE 50578 o Er e Y e e

F.AC,

WOTICE: THE OFFICIAL RECORD OF THIS SHEET 1S THE ELECTRONIC FILE SIGNED AND SEALED UNDER RULE 61GT5-23.003,



Figure 9-6: Standard Soil Type Symbols
131















































































































































































































