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Chapter 1

Review of Existing Data and Reconnaissance

The first step in performing a subsurface investigation is a thorough review
of the project requirements. The necessary information that should be provided
by the designer to the geotechnical engineer includes the project location,
roadway alignment and profile, structure locations, approximate bridge span
lengths, substructure locations and estimated scour depths (if applicable). The
geotechnical engineer should have access to typical sections, plan and profile
sheets, and cross sections. This information allows the geotechnical engineer to
properly plan and execute the subsurface exploration program.

1-1 Review of Existing Data

After gaining a thorough understanding of the project requirements, the
geotechnical engineer should collect all relevant available information on the
project site. Review of this information can aid the geotechnical engineer in
understanding the geology, geomorphology, and topography of the area and aid
in identifying potential problem areas. Use of this information allows the
geotechnical engineer to development a comprehensive, cost-effective
subsurface exploration. Existing data may be available from the following
sources:

1-1.1 Topographic Maps

Topographic maps are prepared by the U.S. Geological Survey (USGS)
and are readily available. These maps portray ground surface elevations,
surface water locations, and other physical features. This data is valuable in
planning a subsurface exploration, determining accessibility for field equipment
and determining potential problem areas.

1-1.2 Aerial Photographs

Aerial photographs are available from the Department and other sources.
They are valuable in that they can provide the basis for reconnaissance and,
depending on the age of the photographs, show manmade structures,
excavations, or fills that affect accessibility and the planned depth of exploration.

1-1.3 Geologic Maps and Reports

Considerable information on the geological conditions of an area can often
be obtained from geologic maps and reports. These reports and maps often
show the location and relative position of the different geologic strata and provide
information on the general characteristics of each strata. Geologic maps and
reports can be obtained from the USGS, Department of Environmental
Protection-Natural Resources Section, MAGIC web site, and other sources.
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1-1.4 Soils Conservation Service Surveys

Soil surveys are compiled by the U.S. Department of Agriculture are
presented in the form of county soils maps. These surveys can provide valuable
data on surface soils including mineralogical composition, grain size distribution,
depth to rock, water table information, drainage characteristics, geologic origin,
and presence of organic deposits.

1-1.5 Water Resources Inventory of Connecticut

These reports were prepared by the USGS in cooperation with the
Connecticut Water Resources Commission for the major river basins in
Connecticut. These reports contain surface water, groundwater information and
hydrologic information. The hydrogeologic maps contain location information,
which allows for the determination of the principal water-bearing units in the area
of interest.

1-1.6 Previous and/or Adjacent Projects

Data may be available on nearby projects from the Department, or county
or city governments. The Soils and Foundations Section may have geotechnical
reports or data, pile driving records, pile load test data, and/or field data for the
project. As-built drawings for completed projects are available at the Engineering
Records Office at Pascone Place in Newington. This data is extremely useful in
establishing preliminary boring locations and depths and in predicting problem
areas. Maintenance records for existing nearby roadways and structures may
provide additional insight into the subsurface conditions.

1-1.7 Aggregate Survey Maps

The Department developed these maps in the 1960's to help locate
significant deposits of quality aggregate. The maps delineate the location and
depth of the deposits along with an estimate of the reserves.

1-2 Field Reconnaissance

Following review of the existing data, the geotechnical engineer should visit
the project site. This will enable the engineer to be aware of field conditions and
correlate this information with previous data. The form included in the Appendix
provides guidance to the geotechnical engineer for the site conditions or features
that should be looked for. In particular, the following should be noted during the
field reconnaissance:

1. Nearby structures should be inspected to determine their foundation
performance and their potential damage due to vibration or settlement during
the construction phase of the project.

2. On water crossings, geomorphological features of the watercourse should be
noted. These include; streambed composition, scour holes adjacent to and/or
near existing structures, evidence of lateral and/or vertical channel instability
(e.g. cut banks, sandbars...), existing channel modifications (e.g. riprap
channels, revetments...), or other conditions not previously noted.
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3. Features that may affect the boring program, such as accessibility, adjacent
structures, overhead utilities, signs of buried utilities, or property restrictions.

4. 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. Drainage features, including signs of seasonal water tables.

6. Features that may need additional borings or probing such as organic/swamp
deposits.

7. Exposed bedrock and/or existing rock cuts for type, weathering, jointing,
bedding etc.

1-3 References

GEOTECHNICAL ENGINEERING CIRCULAR NO. 5, Evaluation of Soil and
Rock Properties, Sabattini, Bachus, Mayne, Schnieder and Zettler, FHWA-IF-
02-034, Federal Highway Administration, 2002
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Appendix
This Appendix to Chapter 1 provides the following:

Existing Data and Field Reconnaissance Report
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Existing Data and Field Reconnaissance Report

Project Number:
Date:

Prepared By:

Existing Information
Existing Project Plans:
Existing Soils and Foundation Project Data:
Environmental Assessment Reports:
Scour Study Reports (if applicable):
Map Data Attached:
Topographic
Surficial Geology
Bedrock Geology
Soil Conservation Survey
Water Resources (wells or artesian conditions obs.)
Other Mapping:
Maintenance History-Local Garage:
[J Rockfall
[ 1 Icing or Frost Heave
[ ] Drainage and/or Erosion Problems
[] Pavement Distress or Settlement Problems
Bridge Safety Records:
Proposed Project Data:
[ ] Plan & Profile Sheets
[] Cross Sections
[] Structure Layout

I

Site Reconnaissance
Date of Site Visit:
Participants:
Weather Conditions:
Date of Visit:
Prior to Visit:
Topography, Site Development and Adjacent Structures:
[] photos attached
Slope Stability & Vegetative Cover:
[] photos attached
Boulder/Bedrock Exposure:
[ photos attached
] bedrock mapping performed
Existing Subsurface Drainage & Groundwater Observations:
[] photos attached
Pavement Condition:
[] photos attached
Adjacent Structures:
[] photos attached
Large fills/Obstructions or Unsuitable Material Deposits:
[] photos attached

Subsurface Exploration Summary:
Roadway Borings:
Type:
Min. Depth:
Sampling:
[]SPT
[ ] Undisturbed Piston




Existing Data and Field Reconnaissance Report

[ ] Other:
Accessibility & Utilities:
[] Special Equipment Required:

[] Overhead or Underground Utility Conflicts:
[] Permitting Requirements/Areas of Concern-EC:
[ 1 Flagging Requirements:

Structure Borings:
Type:
Min. Depth:
Sampling:
] SPT
] Undisturbed Piston
[] Other:
Accessibility & Utilities:
[] Special Equipment Required:

[ Overhead or Underground Utility Conflicts:
[] Permitting Requirements/Areas of Environmental Concern:
[ 1 Flagging Requirements:

Sheeting and Temporary Construction Borings:

Groundwater Readings & Observation Wells:

Probes or Soundings Required:

Cost Estimate and Duration:




Existing Data and Field Reconnaissance Report

Insert Photo

Insert Photo Commentary

Insert Photo

Insert Photo Commentary
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Chapter 2

Subsurface Exploration
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Chapter 2

Subsurface Exploration Techniques

The scope of a subsurface exploration depends on many factors;
including, the level of existing information and need for additional information, the
variability of subsurface conditions, site accessibility, environmental
considerations, and available budget. Once these factors are understood, the
details of the subsurface exploration can be developed. The following is a
summary of the basic tools and techniques that are used in a subsurface
exploration.

2-1 Borings

Borings are probably the most common method of exploration. They can
be advanced using a number of methods. Upon completion, all borings should be
backfilled in accordance with applicable environmental requirements.
The most common techniques used in Connecticut are:

e Wash Borings
e Auger Borings
e Continuous Sampling

2-1.1 Wash Borings

This method typically involves the advancing of a steel casing and the
washing out of the soil material that enters the casing. Either pounding or
spinning is used to advance the casing into the ground. Dirill rods placed within
the casing are used to break up and flush the soil plug which forms within the
casing. Water or drilling mud is used to stabilize the hole below the groundwater
table. Soil sampling is performed through the casing into the in situ soil through
the bottom of the borehole.

2-1.2 Auger Boring

2-1.2.1 Solid Flight Auger Borings

Rotating an auger while simultaneously advancing it into the ground either
hydraulically or mechanically advances auger borings. The auger is advanced
to the desired depth and then withdrawn without rotation to maintain cutting on
the auger flight without mixing. Samples of cuttings can be removed for
material identification, however, the depth of the sample can only be
approximated. Feedback from the drilling equipment and the cuttings should
be monitored closely to identify stratigraphy changes with depth. This method
should generally not be used where split barrel samples are required.

2-1
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2-1.2.2 Hollow-Stem Auger Borings

A hollow-stem auger consists of a continuous flight auger surrounding a
hollow drill stem. The hollow-stem auger is advanced similar to other augers;
however, removal of the hollow stem auger is not necessary for sampling.
Standard Penetration Test (SPT) and undisturbed samples are obtained
through the hollow drill stem, which acts like a casing to hold the hole open.
Below the groundwater table, blowback may be experienced in granular soils.
Drilling mud should be introduced if these conditions are experienced. In cold
weather, the use of hollow-stem auger borings may be advantageous because
water use may not be necessary.

2-1.3 Continuous Sampling

This method will provide a detailed, continuous column of soil or rock
samples. In cohesive soils and dry granular soils continuous sampling without
the use of casing may be possible. Should the borehole need to be cleaned
between sampling, conventional wash boring techniques will need to be
employed. This method is particularly valuable when sampling through highly
variable soil stratas.

2-2 Other Exploration Techniques

2-2.1 Test Pits

The simplest methods of inspecting subsurface soils consist of
excavations performed by hand or mechanical equipment. Hand excavations are
often performed with shovels, pick-axes and/or posthole diggers. They offer the
advantages of speed and ready access for sampling. They are limited to shallow
excavations above the water table.

2-2.2 Power Soundings

In this method, the drill bit advances by power chopping with a limited
amount of water in the borehole. Slurry must be periodically removed. The
method is not recommended for general exploration because of the difficulty in
determining stratum changes and in obtaining undisturbed samples. In
materials not easily penetrated by other methods, such as those containing
boulders, this method can be very useful.

2-2.3 Soundings

A sounding is a method of exploration in which either static or dynamic
force is used to cause a rod tipped with a testing device to penetrate soils.
Samples are not usually obtained. Small diameter groundwater observation
wells can be installed in sounding holes that remain open. Typically a sounding
is performed by driving a steel bar into the soil with a sledgehammer. The depth
of exploration is generally less than ten feet. The depth to rock or an obstruction
can easily be inferred from the resistance to penetration.

2-2
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2-2.4 Bar Probes and Hand Augers

These techniques are generally used in wetland areas to determine the
vertical and horizontal limits of soft, organic soil. Bar probes use small diameter
steel rods that are advanced by hand. The depth of the organic soil layer is
determined when refusal is reached or penetration resistance is greatly
increased.

Hand augers are used in soft soils when attempts are made to obtain a
disturbed soil sample. The cutter head on a hand auger comes in a variety of
sizes and shapes and is typically attached to a t-handled steel rod, which can be
extended to allow for explorations of greater depths.

2-3 Soil Sampling

Common methods of sampling during field explorations include those
listed below. All samples should be properly preserved and carefully transported
for classification and testing. Each sample attempted, regardless of recovery,
shall be designated with a name and number and recorded on a field log.
All soil samples shall be visually classified by the engineer. Depending on the
complexity of the project and the type of soil encountered, the engineer shall
select a representative number samples for laboratory testing. After the
completion of the laboratory-testing program, the engineer shall perform a final
edit of the field logs. See Section 5 for details on preparation of final edited
boring logs.

Soil samples not sent for laboratory testing should be retained through the
design process. At the completion of the final design, generally the samples are
discarded unless there are compelling reasons to retain them longer.

2-3.1 Bulk Bag Samples

These are disturbed samples obtained from auger cuttings or test pits.
The quantity of the sample depends on the type of testing to be performed, but
can range up to 50 Ib (25 kg) or more. Testing performed on these samples
includes classification, moisture-density, Atterburg limits, resilient modulus, etc.
A portion of each sample should be placed in a sealed container for moisture
content determination.

2-3.2 Split Barrel

These samples are obtained in conjunction with the Standard Penetration
Test (SPT). In granular soils, a split barrel sample should be taken at each strata
change or at a maximum interval of five feet. Each split barrel sample should be
immediately examined, logged and placed in sample jar for storage. The jars
used for storage shall be plastic or clear glass of sufficient size to store a four
inch long sample of full diameter. Each sample jar shall be marked with the
project number, boring number, sample number, depth range and blow counts. If
samples are to be preserved for laboratory testing, the top of the jars should be
sealed with tape or wax. Samples obtained from a split barrel are considered
disturbed and are generally used only for classification and index testing.
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2-3.3 Thin-Wall Tube Samples

Thin wall tube samples are taken in cohesive soils and are intended to be
undisturbed. Further testing is generally required to assure the undisturbed
nature of the sample. The sampling intervals of thin-wall tube samples will vary
depending on the complexity of the project and the depth, thickness and
variability of the cohesive soil deposit. As a minimum, at least one undisturbed
sample should be taken within each distinct soil strata. If the strata is very thick,
the maximum sampling interval should be twenty feet.

2-3.3.1 Shelby Tube

This is a thin-walled steel tube, usually 3 inches (O.D.) by 36 inches in
length. It is pushed into the soil with a relatively rapid, smooth stroke and then
retracted. This produces a relatively undisturbed sample provided the Shelby
tube ends are sealed immediately upon withdrawal. This sample is suitable for
strength and consolidation tests. This sampling method is unsuitable for hard
materials. Refer to ASTM D 1587 (AASHTO T 207).

2-3.3.2 Piston Samplers

Stationary

This sampler has the same standard dimensions as the Shelby Tube. A
piston is positioned at 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 tube. The piston is locked in place on top of the soil to be
sampled. A sample is obtained by pressing the tube into the soil with a
continuous, steady thrust. The stationary piston is held fixed on top of the soil
while the sampling tube is advanced. This creates suction while the sampling
tube is retrieved thus aiding in retention of the sample. This sampler is suitable
for soft to firm clays and silts. Samples are generally less disturbed and have
a better recovery ratio than those from the Shelby Tube method.

Floating

Similar to the stationary sample method, except that the piston is not fixed
in position but is free to ride on the top of the sample. The soils being sampled
must have adequate strength to cause the piston to remain at a fixed depth as
the sampling tube is pushed downward. If the soil is too weak, the piston will
tend to move downward with the tube and a sample will not be obtained. This
method should therefore be limited to stiff or hard cohesive materials.

2-4 In Situ Testing

In situ tests provide field measurements that can be used to correlate to
soil and rock properties. The Standard Penetration Test is the most common in
situ test performed. Less frequently used tests would include the vane shear
test, cone penetration test, and pressuremeter test.
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2-4.1 Standard Penetration Test

The Standard Penetration test (SPT) (AASHTO T206, ASTM D 1586) is a
simple and rugged test suitable for most soil types and should be included as
part of any subsurface exploration. The SPT involves driving a split barrel
sampler into the ground with a 140# weight, dropped from a height of 24
inches. The uncorrected SPT N value is defined as the sum of the blows
required to drive the sampler for the second and third 6 inch increment. The
results of the test provide correlations to soil strength and compressibility
properties. Variability associated with hammer types used (i.e., donut, safety,
automatic) and specific testing errors may result in poor correlations to soil
design properties, especially for cohesive soils. The engineer needs to
exercise proper judgement in evaluating the results of this test.

2-4.2 Vane Shear Test

The vane shear test (VST) (AASHTO T223, ASTM 2573) involves the
rotation of a four bladed vane in cohesive soil to evaluate the sensitivity and
peak and remolded undrained shear strength of soft to stiff clays and silts.
Different sized vanes, and torque wrenches with varying capacity may be used
to adjust to various soil conditions. The results of this test will generally not be
consistent with strength tests performed in the laboratory; however, the test
results will provide relative strength estimates. With sufficient data,
correlations between the VST and laboratory tests may be developed.

2-4.3 Cone Penetration Test

The cone penetration test (CPT) involves the hydraulic push of an
instrumented steel probe at constant rate to obtain continuous vertical profiles
of stress, pressures, and/or other measurements. No borehole, cuttings, or
spoil are produced by this test. Testing is conducted in accordance with
ASTM D 5778. The cone penetration test can be conducted without the use of
a pore pressure measurement (i.e., CPT) or can be conducted using a device
to measure penetration pore pressure using a piezocone (i.e., CPTu). Some
equipment includes the ability to measure the propagation of shear waves
using a seismic piezocone; this test designated as SCPTu. The test has not
been widely used in this state; refer to other texts for additional details.

2-4.4 Pressuremeter Test
The pressuremeter test (PMT) involves inflating a cylindrical probe against

the sidewalls of a boring. In general, the instrument is placed in a pre-bored
hole prior to expansion, although it is possible to self-bore the instrument to
the test location. The pressuremeter can be used to obtain specific strength
and deformation properties of various soil types, weathered rock and low to
moderate strength intact rock. Menard-type pressuremeter tests are done in
accordance with ASTM D4719. The test has not been widely used in this
state; refer to other texts for additional details.




Connecticut Department of Transportation Geotechnical Engineering Manual

2-5 Rock Core Sampling

Rock cores are obtained using core barrels equipped with diamond or
tungsten carbide tipped bits. There are three basic types of core barrels: Single
tube, double tube, and triple tube. Single tube core barrels generally provide poor
recovery and their use should be limited to non-critical applications. Double tube
and triple tube core barrels are preferred. If determining rock quality or strength
is required, a double tube should be considered the minimum standard.

A double tube core barrel consists of inner and outer tubes equipped with
a diamond or tungsten-carbide drill bit. As coring progresses, fluid is introduced
downward between the inner and outer tubes to cool the bit and to wash cuttings
to the surface. The inner tube protects the core from the highly erosive action of
the drilling fluid. In a rigid type core barrel, both the inner and outer tubes rotate.
In a swivel type, the inner tube remains stationary while the outer tube rotates.
Several series of swivel type core barrels are available. A triple tube core barrel
is similar to the double tube, above, but has an additional inner liner, consisting
of either a clear plastic solid tube or a thin metal split tube, in which the core is
retained. This barrel best preserves fractured and poor quality rock cores.

The minimum core barrel size to be used shall be NX. Larger core barrel
sizes should be considered if mechanical breakage or poor core recovery is a
concern. The type of drilling bit used should be based on the driller's experience
in the bedrock formation anticipated. Core run lengths should be no greater than
five feet, except in unusual situations. The drilling rate during rock coring shall
be monitored and recorded for each foot of penetration. Rock cores should be
photographed upon removal from the borehole. A label that notes the borehole,
depth interval and the core run number, should be included in the photograph. A
tape measure or ruler should also be included in the photograph for scale.

Rock cores shall be stored in boxes of wood or other durable material,
constructed rigidly enough to prevent flexing of the core when the box is picked
up by its ends. The boxes shall be provided with hinged covers and with
longitudinal spacers that will separate the core into compartments. Small blocks
which fit between the spacers shall be provided to mark the beginning and end of
each run or pull of core. The top of the first core run shall start at the uppermost
left corner of the box [hinge side]. Any break in a core that occurs during
handling should be marked with three parallel lines across the mechanical break.
An indelible marker shall be used to note the project number, boring number,
core run numbers, depth interval, and box # on the top, front, inside lid, and both
ends of the core box. The inside lid shall also include a listing of the recovery
and rqd for each core run. Each sample attempted, regardless of recovery, shall
be designated with a name and number and recorded on a field log.

All rock cores shall be retained through a project's advertise-bid-award
process. After this period, a determination will be made whether to retain the
rock cores throughout the construction phase. If they are retained, the cores
should be discarded 2 years after the date of acceptance of the construction
project. Refer to ASTM D 5079 for practices of preserving and transporting rock
core samples.
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2-6_Geophysical Methods

These are nondestructive exploratory methods in which no samples can
be taken. Geophysical methods can provide information on the general
subsurface profile, the depth to bedrock, depth to groundwater, peat deposits,
subsurface anomalies, or unknown dimensions of existing foundations.
Geophysical explorations should be performed by an experienced professional,
and preferably accompanied by conventional borings to aid in correlations. Due
to the small relative size of equipment, its ability to provide continuous coverage
at a fairly rapid rate, geophysical testing is an effective tool for subsurface
explorations. Geophysical methods commonly used for engineering purposes
include:

2-6.1 Seismic Refraction and Reflection

These methods are based on the theory that shock waves travel through
different materials at different velocities. Times for an induced shock wave to
travel from the energy source to a series of detectors (geophones) after being
refracted or reflected by a subsurface strata change are measured. This data is
then used to determine material velocities and depths to changes in strata.
Material types are determined by correlations to computed velocities. These
methods have been used to investigate subsurface conditions to depths of 1000
ft. For additional details regarding the seismic refraction method, refer to ASTM
D 5777. Seismic investigations can be performed from the surface or from
various depths using boreholes. For cross-hole seismic techniques, see ASTM D
4428.

2-6.2 Resistivity

This method is based on the differences in electrical conductivity between
subsurface strata. An electric current is passed through the ground between
electrodes and the resistivity of the subsurface materials is measured and
correlated to material types. Several electrode arrangements have been
developed, with the Wenner (4 equally spaced electrodes) being the most
commonly used in the United States. Refer to ASTM G 57.

2-6.3 Ground Penetrating Radar (GPR)

The velocity of electromagnetic radiation is dependent upon the material
through which it is traveling. GPR uses this principle to analyze the reflections of
radar signals transmitted into the ground by a low frequency antenna. Signals are
continuously transmitted and received as the antenna is towed across the area of
interest, thus providing a profile of the subsurface material interfaces.

2-7 References
1. AASHTO Manual on Subsurface Investigations , Washington DC, 1988.

2. Subsurface Investigations, FHWA-HI-97-021, Arman, Samtani, Castelli,
and Munfakh Subsurface Investigations, FHWA-HI-97-021, 1997.
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3. Recommended Guidelines for Sealing Geotechnical Exploratory Holes,
NCHRP Report 378, National Cooperative Highway Research Program,
1995.
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Chapter 3

Subsurface Exploration Guidelines
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Chapter 3

Subsurface Exploration Guidelines

A subsurface exploration program should be performed at the site of all
new structures and roadway (re)construction and widenings. The scope of the
subsurface investigation will vary for each project depending on the complexity of
the job, the variability of subsurface conditions, and the constraints of project
funding and schedule. Engineering judgment is essential in developing a
subsurface exploration that satisfies the requirements of a specific project and
allows the engineer to make reasonable design assumptions. A comprehensive
subsurface investigation program might include both conventional borings and
other specialized field investigation or testing methods.

During the execution of the subsurface exploration program close
communication between the geotechnical engineer and driller is essential. The
results of each boring should be reviewed as soon as possible so that a
determination for additional borings, relocation of borings and/or additional in-situ
testing can be made without incurring remobilization costs and significant loss of
time.

3-1 General Requirements

The extent of the exploration will vary considerably with the nature of the
project. The following general guidelines should be used to estimate the scope of
a subsurface exploration program.

1. Preliminary exploration depths should be estimated from data obtained during
field reconnaissance, existing data, and local experience. The borings should
penetrate through weak or unsuitable soil (organic soils, soft clays, etc.) and
terminate in competent bearing stratum.

2. Each boring, sounding, and test pit should be given a unique identification
number for easy reference.

3. The ground surface elevation (ensure that the proper datum is referenced)
and actual location should be noted for each boring, sounding, and test pit.

4. Each reference exploration should be located by the Connecticut Grid System
(CGS) and the line and station for the project.

5. A sufficient number of samples of the type required for the specific test should
be obtained within each stratum.

6. Water table observations within each borehole should be recorded when first
encountered, and wherever possible, at the end of each day and after
sufficient time has elapsed for the water table to stabilize.

7. Unless serving as an observation well, each borehole, sounding, and test pit
should be backfilled or grouted according to applicable environmental
guidelines.
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3-2 Guidelines for Subsurface Explorations

Following is a description of the recommended scope of subsurface
explorations for various types of proposed construction; see Figure 3-1 for a
summary. The guidelines below consider the use of conventional borings only.
While this is the most common type of exploration, the geotechnical engineer
may deem it appropriate on individual projects to include soundings, test pits,
geophysical methods, or in-situ testing as a supplement to conventional borings.

3-2.1 Roadway Subsurface Explorations

Subsurface explorations are made along the proposed roadway alignment
to characterize subsurface materials and groundwater conditions. This
information is used in designing the pavement section, defining the limits of
unsuitable materials and remedial measures to be taken, determining the stability
of cuts and fills, determining groundwater elevations and subsurface drainage
requirements, and preparing quantity estimates for earthwork related items.
Minimum criteria for subsurface explorations vary substantially depending on the
scope of the proposed roadway improvements and the anticipated subsurface
conditions. It is important that the geotechnical engineer researches all existing
information and makes a site visit before establishing the scope of the
subsurface exploration program. The following information provides additional
guidance not provided in Figure 3-1.

a. The locations of borings shall be staggered to the right and left of centerline to
aid in developing an accurate soil profile. If pre-existing information indicates
the presence of uniform subsurface conditions borings may be spaced further
apart. In areas of highly variable soil conditions, borings shall be taken at
closer intervals or the boring information shall be supplemented with other
investigative techniques.

b. Where rock is encountered, cores should extend at least ten (10) feet into it to
insure that it is bedrock and not a large boulder. At least one boring in each
rock cut should extend through the entire depth of the cut.

c. If not addressed through other subsurface exploration requirements, borings
shall be provided where temporary sheeting/support of excavation is
anticipated.

d. Generally in situ soil samples should be taken at intervals of 5 ft and at strata
changes.

e. Areas of unsuitable material shall be probed on a station by station basis to
delineate both the vertical and the horizontal extent of the deposit.

3-2.1.1 Pipe and Tunnel Jacking
Due to the influence of subsurface conditions on jacking and tunneling
operations, accurately assessing the subsurface conditions is critical. At least
two borings, located at the jacking and receiving pit, should be provided.
Whenever practical, additional borings shall be provided along the alignment
of the pipe jacking.
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3-2.1.2 Temporary/Permanent Sheeting/Cofferdams
The contractor, not the designer, generally designs temporary
sheeting/support of excavation installations; however, the designer is
responsible for providing sufficient subsurface information for the proper
design of sheeting. Most temporary or permanent sheeting installations
coincide with the other structures and with appropriate placement of borings
can satisfy the subsurface information requirements for both.

3-2.1.3 Borrow Areas
Test pits, trenches, and various types of borings can be used for
exploration of potential borrow areas. Samples should be obtained to permit
classification, moisture, and compaction testing of each material type, as
applicable. The extent of the exploration will depend on the size of the borrow
area and the amount and type of borrow needed.

3-3 Structure Subsurface Explorations

Structure borings shall provide sufficient information about the subsurface
conditions to allow for the proper design and construction of the proposed
structure. The following general guidelines should satisfy this purpose on most
projects; however, the geotechnical engineer is responsible to assure that
appropriate explorations are carried out for each specific project. All structure
borings shall include Standard Penetration Testing (SPT) at regular intervals
unless other sampling methods and/or in-situ testing are being performed.

3-3.1 Bridges

a. Atleast one boring shall be performed at each substructure. Where only one
boring is provided per substructure, stagger the locations between adjacent
substructures. For structure widenings, the total number of borings required
will vary based on the information available from the existing structure.

b. Water crossings that include a pier in the water, at least one boring should be
located in the water when practical.

c. For the removal of existing substructures in open water, borings and/or
probes shall be provided for the proper design of cofferdams. Due to permit
restrictions during construction, subsurface information shall be obtained to
determine if obstructions will impact the construction of the cofferdams.

d. Borings should be located along the toe of proposed footings and in back of
of wingwalls and abutments to define the foundation material and the backfill
soil conditions.

e. When using the Standard Penetration Test, split-spoon samples shall be
obtained at a maximum interval of 5 ft and at the top of each stratum change.

f.  When cohesive soils are encountered, undisturbed samples shall be
obtained at 5 ft intervals in at least one boring. Undisturbed samples shall be
obtained from more than one boring where possible.

g. When rock is encountered, a ten (10) foot NX core should be obtained, at a
minimum, to insure that it is bedrock and not a boulder. Deeper rock cores
are required for drilled shaft and micropiles that are socketed into rock.
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h. At water crossings, samples of streambed materials and each underlying
strata shall be obtained to aid in determining the median particle diameter,
Dso, needed for scour analysis.

3-3.2 Retaining Walls

a. Generally the subsurface exploration criteria are the same as for bridges.

b. For permanent tie-back or soil-nail walls, or where tie-backs are likely
required for temporary support, borings shall also be provided in the
anticipated bond zone location.

3-3.3 Buildings
In general, one boring should be taken at each corner and one in
the center. This may be reduced for small buildings. For extremely large
buildings or highly variable site conditions, one boring should be taken at
each support location. Other criteria are the same as for bridges.

3-3.4 Major Drainage Structures

a. Borings shall be taken at proposed locations of major drainage structures. It
is recommended that a minimum of 2 borings be provided, one at the inlet
and one at outlet of the culvert. For very long drainage structures, additional
borings shall be provided along its alignment.

b. Borings should extend a minimum of fifteen (15) feet below the invert of the
drainage structure. For drainage structures with large endwalls, boring
depths should be consistent with those recommended for bridges and
retaining walls.

3-3.5 Overhead Sign Structures
For variable message signs and tubular arch signs that use drilled shaft
foundations or large spread footings, at least one boring should be provided
at the proposed sign location. Should difficult soils conditions be anticipated,
additional borings may be required to investigate alternate sites.
Coordination with the designer is required to determine the location of
possible alternate sites.

3-3.6 Drilled Shafts

a. Due to the influence of subsurface conditions on the type of equipment and/or
tooling used, method of construction, and the expected productivity, obtaining
accurate information at proposed drilled shaft locations is critical. Sufficient
borings should be provided to depict the grain size distribution of soil deposits
(including cobbles and boulders); the horizontal and vertical limits of
miscellaneous fill stratas where obstructions may be anticipated; any unstable
soil deposits (running conditions); groundwater levels and any unusual
piezometric conditions; and bedrock type, quality and hardness along with
any unusual rock surface slope conditions.

b. One boring per shaft should be provided when a drilled shaft is used as a
single column.
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C.

d.

e.

One boring for every two shafts should be provided when the drilled shaft is
6-feet diameter or greater and is incorporated into a footing.

One boring should be provided for every three to four shafts for shafts less
than 6-foot diameter and incorporated into a footing.

For rock socketed drilled shafts, borings should extend at least ten (10) feet
below the bottom of the rock socket. For large diameter drilled shafts, greater
depths may be required.

When it is not practical to perform all of the required borings during the design
phase, the borings may be performed during the construction phase, prior to
the actual construction of the drilled shaft. The number of borings provided
during the design phase should be sufficient to accurately depict subsurface
conditions.
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Proposed
Construction

Boring Layout

Minimum Boring Depth Requirements

Bridge
Foundations,
Overhead Sign
Foundation

For substructures less than 100" wide, provide a minimum of 1
boring. For substructures over 100" wide provide a minimum of
two (2) borings. Additional borings should be provided in variable
subsurface conditions.

For spread footings, the borings should extend a minium
30’ below the footing elevation. For deep foundations
the boring shall extend at least 20’ beyond the
anticipated pile/shatft tip elevation or at least 10’ into

| | L

Retaining Walls

A minimum of 1 boring should be provided for each retaining wall.
The maximum spacing between borings should generally not
exceed 150'. The location of borings should be staggered
between the toe of the wall and area behind the wall to define the
soil conditions at the foundation and within the backfill of the wall.

Use criteria for bridge borings.

Roadways

The spacing of borings for roadway improvements should
generally not exceed 300'. In establishing the spacing of borings,
the complexity or continuity of soil and rock conditions within the
project area and their impacts on the project design should be
considered.

Borings should extend a minimum of 5°  below proposed
subgrade level or invert of proposed roadway drainage.

Deep Cuts/High
Fills

The spacing of borings should be decreased where slope stability
or sloping limits may be a concern. Borings may be required in
longitudinal and transverse direction to aid in defining geologic
conditions.

For deep cuts, boring should extend a minimum of 15’
below the bottom of cut, deeper if stability is a concrern.
For high fills, the borings shall have a minimum depth of
twice the fill height, deeper if stability or settlement is a
concern.

Culverts

Provide a minimum of one boring at each major culvert.
Additional borings may be warranted for long culverts of variable
gologic conditons.

Borings should extend at least 10°  below the invert of a
major drainage structure. Boring depths may be
increased in variable geologic conditions or where
temporary sheeting is required for its construction.

Jacked Pipes
and Structures

A minimum of 2 borings, located within the limits of the jacking
and receiving pits, shall be provided. Borings should also be
provided along the alignment of the jacking. The number and
location of borings along the alignment shall be based on the
length of the structure and the geologic conditions.

Borings for the jacking and receiving pits shall extend
deep enough to address the design of the temporary
sheeting. Borings along the alignment of the jacking shall
extend a minimum of 10' below the proposed invert.

Sheet Piling

At least one boring should be provided in the area of proposed
temporary sheeting.

Borings should extend a minimum of 15' below the depth
of cut. Deeper borings may be required based on the
depth of the cut or geologic conditions.

Figure 3-1
Subsurface Exploration Guideline
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3-4 Test Boring Program Administrative Requirements

3-4.1 Procurement Procedures

When state forces or existing drilling contracts are not being used, the
following rules generally govern the acquisition of services. For contracts that
are less than 10,000 dollars, the contract may be formally advertised for bids or 3
oral competitive bids can be obtained to establish a low bidder.

For subsurface explorations which have an estimated cost which exceeds
10, 000 dollars, a formal advertise-bid-award process shall be followed. If
services are required for an in-house design, the solicitation will be done through
the Purchasing and Materials Management Division.

The Department maintains a list of test-boring contractors who have
expressed an interest in bidding on test-boring services (see Appendix). Each
vendor on that list shall be contacted via e-mail and provided with a bid package
in electronic (.pdf) format.

Should only one (1) bid be received from a solicitation, the geotechnical
engineer shall evaluate the bids to determine if an award should be made or if
the project should be readvertised with a revised exploration program.

3-4.2 Sample Contract
See Appendix

3-4.3 Entry Permits

Section 13a-60 of the Connecticut General Statutes, authorizes the
Commissioner of Transportation or his agents to enter private and or public
property for the purpose of surveying or examining such property for the location
or relocation of any highway. The same law protects the owner against damage
to the property as a result of such entry.

Before entering any property for the purpose of making subsurface
explorations, the geotechnical engineer shall inform the property owner of the
proposed work and obtain their permission. This includes all municipalities when
working on a town owned street. No property entry is permitted without the
owner's consent. If the property owner can not be located or will not grant
consent, a request should be sent to the Project Manager for them to obtain the
entry permit.

The geotechnical engineer is responsible to see that inconvenience to the
property owner is kept to a minimum and that any damage to property incidental
to subsurface exploration is promptly repaired. All property entered shall be
restored to conditions similar to what existed prior to the exploration. Included
shall be the removal of equipment, materials and debris, repair of damaged
driveways, fences and gates, proper backfilling of all test pits and boreholes to
avoid any immediate or future hazard, resodding of lawn where grass is
damaged and restoration of shrubbery, etc.

The geotechnical engineer shall insure that both his personnel and that of
the drilling contractor treat property owners and the general public courteously to
maintain the best possible public relations.
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The Appendix contains a copy of the Entry Permit form used by the Soils
and Foundations Section to obtain consent from the property owner. Consulting
Engineers working for the Department should request an entry permit letter that
has been authored by the liaison group.

3-4.5 Environmental Permits

Environmental permits may be required if open-water work is performed or
drilling operations involve the filling or cutting in a wetland. Should there be any
guestions whether a permit is required, contact the designer or the
Environmental Planning Section for clarification.

3-4.6 Notice to Utilities

Public Act 87-71requires individuals who use power or mechanized
equipment for the purpose of disturbing the subsurface of earth to provide
advance notice of at least two full working days to the "Call Before You Dig"
central clearinghouse prior to commencing proposed excavations. The purpose
of "Call Before You Dig" is to function as a statewide, one-call notification system
that provides excavators and the general public with the ability to inform multiple
owners and operators of underground facilities of a proposed excavation. The
phone number of "Call Before You Dig" is 1-800-922-4455. "Call Before You
Dig" can also be found on the world wide web at www.cbyd.com. The internet
site has an e-mail service that can be used in lieu of the call in service.

The Department's Incident Management System is not covered by CBYD.
Should a proposed subsurface exploration fall within the Incident Management
System, the Highway Operations Section should be contacted to clear the
proposed excavation. When working on town-owned streets, the municipality
should also be contacted since certain municipally owned facilities are also not
covered by CBYD.

The responsibility for clearing excavations with CBYD lies with the
excavator doing the work. If a contract driller is doing the work, the geotechnical
engineer should obtain the CBYD number from the contractor prior to the start of
work.

3-4.7 Work Zones and Maintenance and Protection of Traffic

The sample test boring contract in the Appendix to this chapter contains
traffic control guidelines to be followed when a subsurface investigation is
performed on any part of the roadway. If a lane closure is required to perform
the work, the Daytime Lane Closure Guide prepared by the Division of Traffic
should be used to determine the allowable work periods. In certain locations, the
time for a daytime closure is very restrictive or not permitted at all. For these
locations, a nighttime closure may be necessary to accomplish the work.

Whenever a subsurface investigation involves working on an expressway
or a high-volume roadway, the engineer should consult with the District Traffic
Engineer or the Division of Traffic to determine the appropriate maintenance and
protection of traffic plan.

If a lane closure is planned, the Department’'s Communications Office will
issue a press release in advance to inform the traveling public. The engineer
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should provide this office with the relevant information at least three (3) days in
advance of the scheduled closure.

While working on the roadway, the engineer shall insure the contractor
has provided the correct traffic control and that impact to the traveling public is
kept to a minimum. If impacts to the traveling public are severe, the operation
may need to be temporarily shut down or rescheduled to off-peak hours.
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