SECTION 465 DRILLED SHAFT CONSTRUCTION (New Section)

465.1 DESCRIPTION

This work consists of al labor, materials, equipment, and services necessary to perform all
operations required in the installation of drilled shafts.

465.2 MATERIALS

A.

Concrete: Drilled shaft concrete shall conform to the requirements of Section 460,
except where modified by this Section.

At least 40 calendar days before constructing drilled shafts, the Contractor shall submit,
to the Department MaterialsLaboratory, sufficient materials, including awater reducer,
for a design mix. The concrete mix will be designed to have the following
characteristics:

1 Minimum cement content of 780 pounds per cubic yard (465 kilograms per
cubic meter) of Type Il cement conforming to Section 750;

2. Minimum 28 day compressive strength of 4500 psi (31 MPa);
3. Slump in the range of 6 to 8 inches (150 to 200 mm);

4, Entrained air content of 6.5 percent + 1.5 percent;

5. Maximum water/cement ratio of 0.44.

The use of awater reducer will be required to achieve the above properties. The use
of superplasticizers will not be permitted.

Casing: Casing shal be smooth steel of sufficient thickness to withstand handling
stresses, concrete pressure, and surrounding earth and fluid pressures. The casing shall
be of the diameter specified and shall haveteeth at thebottomto facilitate proper seating
of the casing into the plans specified formation.

465.3 CONSTRUCTION REQUIREMENTS

A.

Drilled Shaft Installation Plan: Not lessthan 30 calendar daysbefore beginning drilled
shaft construction, the Contractor shall submit an installation plan for approval to the
Bridge Design Office, throughthe AreaEngineer. Theinstallation plan shall providethe
following information:

1 Provide a list of all proposed equipment to be used and available on site
including, but not limited to, cranes, drill augers, pilot bits, bailing buckets, fina
cleaning equipment, dewatering pumps, tremies, concrete pumps, casing, etc.
Include the casing diameter and wall thickness in the equipment list;
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2. Detailsof the overall shaft construction sequencein each bent or group of drilled
shafts;

3. Provide adetailed explanation of how the casing isto beinstalled. Itisrequired
that a T-bar be on the project site such that the casing can be twisted into the
specified formation to achieve as watertight of a seal as possible. Tamping
and/or pounding the casing into the ground will not be allowed,;

4. Details of shaft excavation methods to be used,

5. Methodsto beused to clean the shaft excavation, including clean out equipment;
6. Detalils of reinforcement centering devices and their spacing;

7. Details and methods for supporting and lifting reinforcing steel cages;

8. Provide details of the tremie tube that is to be used in the event that a wet
excavation isencountered. Include all other details of concrete placement such
asfreefall (allowed only for shafts 36 inches (915 mm) in diameter or greater),
pumping, etc. A tremietubeisrequired to beonthe project site. Detailsfor the
disposal of contaminated concrete from awet excavation shall also be included;

9. The Contractor shall verify al existing ground and\or water elevations and
establish the elevations of any work platforms, etc. that may be used. These
elevations shall be included in the drilled shaft installation plan;

General Requirements: A drilled shaft preconstruction meeting isrequired to be held
a minimum of 5 working days prior to beginning drilled shaft construction. A
representativefromthebridge contractor, drilled shaft subcontractor, concrete supplier,
Area Office, and Bridge Design Office is required to attend this meeting. The drilled
shaft installation plan will be discussed at the meeting and the responsibilities of each of
the parties involved clearly identified.

The Contractor shall perform the excavation for the shafts through the various types of
materialsthat are encountered. Theexcavation shall beto thedimensionsand elevations
showninthe plansor as otherwise required by the specifications and special provisions.

Contractor methods and equipment shall be suitable for the intended purpose and
materials encountered. All of the equipment listed in the drilled shaft installation plan
shall be on the project site prior to the start of work. The following equipment is
required to be available for use on the project site at all times during drilled shaft
construction:

1. Tremie

2. T-bar for installing casing;
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3. Cleanout bucket of the proper size;
4, Graduated measuring device to determine excavation and/or water depth;
5. Pilot bit capable of drilling through rock;

6. A pump of sufficient capacity to dewater the excavation prior to concrete
placement. Dewatering isarequirement prior to concrete placement by thefree
fall method.

Unless otherwise specified on the plans, the Contractor shall begin drilled shaft
excavation using the dry construction method. The Contractor shall use the temporary
casing construction method when specified on the plans or when caving soils or ground
water is encountered during excavation that is begun by the dry construction method.
The permanent casing construction method shall be used only when specified on the
plans or approved by the Bridge Design Office.

Upon completion of the excavation of adrilled shaft, a cleanout bucket shall be used to
remove al loose material from the bottom of the shaft. After cleanout, the reinforcing
steel shall immediately be installed and the concrete placed prior to start of excavation
for another drilled shaft.

Vibrations caused by any work activities that may be detrimental to the freshly placed
concrete will not be allowed for at least 72 hours after placement or until the concrete
has attained a minimum compressive strength of 1600 psi (11 MPa). If the Engineer
suspects that construction activities may be causing excessive vibration, a2" X 4" (50
mm X 100 mm) stake shall be driven solidly into the ground adjacent to the freshly
placed concrete. A small container of water shall then be placed on top of the stake.
If the water surface remains calm, the construction activity will be allowed to continue.
When thewater surface showsany movement, vibrationsare reaching the freshly placed
concrete and the construction activities shall be either stopped or atered such that
vibrations at the freshly placed concrete are eliminated.

Dry Construction M ethod: The dry construction method consists of drilling the shaft
excavation, removing loose material from the excavation and placing the concreteina
relatively dry excavation. The Engineer must be able to inspect the sides and bottom of
the excavation before placing the reinforcing steel cage and concrete. The dry
construction method shall be approved by the Engineer when the shaft excavation has.
awater accumulation rate of three inches or less per hour (75 mm or less per hour); the
sides and bottom of the excavation remain stable without detrimental caving, sloughing
or swelling; and loose material and water can be removed beforeinspectionand concrete
placement.

Temporary Casing Construction M ethod: Thetemporary casing constructionmethod
shall be used when excavations, begun by the dry construction method, encounter water
bearing or caving soil formations, or when specified ontheplans. If, during dry drilling,
the Contractor encounters caving or water bearing soils, the Contractor shall stop
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drilling and fill the hole with water to a point above the ground water elevation. If
practical, a positive 10 foot (three meter) head of water shall be maintained above the
ground water elevation. When necessary, a temporary casing may be required to
achieve this head. If caving soil is encountered, a sufficient head of water shall be
maintained to stop the caving. Once the hole is filled with water, the excavation shall
be advanced by drilling to a depth at which an impervious formation is reached. A
sufficient head of water shall be maintained during the drilling operation. A temporary
casing shall then be placed into the impervious formation by use of a T-bar and twisting
the casing into the specified formation to produce a watertight seal at the bottom.

Other methods of seating the casing may be used with the Engineer's approval. The
casing and the seal at the bottom of the casing shall be watertight. Water shall be
pumped out of the temporary casing and the excavation continued using the dry
construction method. During concrete placement, the casing shall be withdrawn. If a
watertight seal cannot be achieved at the bottom of the casing, the shaft shall be drilled
to the final elevation while keeping the hole full of water to maintain an adequate fluid
head to control caving. Concrete shall then be placed using proper underwater concrete
placement methods.

1 If the Contractor elects to remove a casing and substitute a longer casing
through caving soils, the excavation shall be backfilled before a new casing is
installed. Other methods may be used to control the stability of the excavation
and protect theintegrity of the foundation soilswhen approved by the Engineer.

2. Temporary casing shall be removed before any of the drilled shaft concrete
attainsinitial set. Before the casing iswithdrawn, the level of fresh concretein
the casing shall have sufficient head so all water trapped behind the casing is
displaced upward without contaminating or displacing the concrete. When
water seepage can not be stopped and water isrequired to maintain stability of
the perimeter of the hole, the concrete shall be placed in the shaft using atremie
or pump. Simultaneoudly extract the casing and tremie, or pump, at a sow
uniform rate. Maintain a sufficient head of concrete above the bottom of the
casing to overcome the hydrostatic pressure outside the casing. The bottom of
the tremie, or pump, shall always be embedded a minimum of five feet (1500
mm) into the fresh concrete during the extraction.

3. Temporary casing shall be removed at the time of concrete placement. When
acasing becomes bound in the excavation, drilled shaft construction shall cease
and the Engineer will immediately inform the Bridge Design Office.

Permanent Casng Congtruction M ethod: Thepermanent casing constructionmethod
shall be used only when specified on the plans or approved by the Bridge Design Office.
Thismethod consists of placing acasing to aprescribed depth before excavation begins.
If full penetration cannot be attained, the Engineer may require either excavation of
material within the embedded portion of the casing and/or excavation of a pilot hole
ahead of the casing until the casing reaches the desired penetration. Over reaming to
the outside diameter of the casing may be required before placing the casing, as
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approved by the Engineer.

A T-bar shall be used to twist the permanent casing into the specified formation to
achieve awatertight seal at the bottom. Other methods of seating the permanent casing
may be used with the Engineer's approval. The casing and the seal at the bottom of the
casing shall be watertight.

If the Contractor electsto remove acasing and substitute alonger casing through caving
soils, the Engineer may require that the excavation be backfilled before anew casing is
installed. Other methods may be used to control the stability of the excavation and
protect the integrity of the foundation soils when approved by the Engineer.

If, during dry drilling, the Contractor encounters caving or water bearing soils, the
Contractor shal stop drilling and fill the hole with water to a point above the ground
water elevation. If practical, a positive 10 foot (three meter) head of water shal be
maintained above the ground water elevation. If caving soil isencountered, a sufficient
head of water shall be maintained to stop the caving. Once the holeisfilled with water,
the excavation shall be advanced by drilling. A sufficient head of water shall be
maintained during the drilling operation.

Upon completion of drilling, install reinforcing steel and place concrete. After the
concrete has attained the specified strength, the section of the casing between the plan
shown cutoff elevation and the top shall be removed. When the cutoff elevation is not
shown on the plans, the cutoff elevation is assumed to be flowline or ground line as
appropriate. The casing shall be cutoff by use of a cutoff saw. Use of an oxyacetylene
torch or other methods which produce high heat damaging the concrete will not be
dlowed. Casings may only be cutoff and removed when both of the following
conditions are met:

The drilled shaft concrete has cured for 72 hours according to the specifications.

The drilled shaft concrete has attained 2500 ps (17.5 MPa) minimum compressive
strength.

Excavation and Drilling Equipment: Excavation and drilling equipment shal have
adequate capacity including power, torque, and downward force. The excavation and over
reaming tools shall be of adequate design, size, and strength to perform the work shownin
the plans and described in this specification. When the material encountered cannot be
drilled using conventional earth augersand under reaming tools, the Contractor shall provide
special drilling equipment including, but not limited to, rock core barrels, rock tools, air
tools, blasting materials, and other equipment as necessary to excavate the shaft to the size
and depth required. Approval by the Engineer isrequired before any excavation by blasting
is conducted.

Reinforcing Stee Cage Construction and Placement: The reinforcing steel cage
(consisting of longitudinal bars, ties, cage stiffener bars, spacers, and centralizers) shall be
completely assembled and placed as a unit into the excavated shaft. Placement of the
reinforcing steel cage shall take place immediately after the shaft excavation isinspected and
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approved by the Engineer and before concrete placement.

The reinforcing steel cage shall be tied and supported in the shaft so the cage will remain
within the specified tolerances. Welding of the reinforcing steel cage will not be allowed.
Concrete centralizers or other approved noncorrosive centering devices shall be used within
onefoot (300 mm) of the bottom. Centralizersshall also beused at intervals not exceeding
five feet (1500 mm) along the length of the shaft. Each level of centralizers shall be rotated
45 degreesin the horizontal plane relative to the level below. Concrete centralizers shall be
constructed of concrete equal in quality and durability to the concrete specified for the shaft.
The concrete centralizers shall have the ends beveled to minimize the potential for catching
on obstructions during reinforcing steel placement and they shall have aminimum of two tie
wires cast in the concrete. Wrapping wires around the concrete centralizersto hold themin
placeis not an acceptable method of attachment. Any type of steel used as centralizers shall
be epoxy coated. The reinforcing steel cage shall not be in contact with the bottom of the
shaft.

The elevation of the top of the reinforcing steel cage shall be checked before and after the
concrete is placed. If the reinforcing steel cage is not maintained within the specified
tolerances, corrections to the cage support shall be made by the Contractor, as required by
the Engineer. No additional shaftsshall be constructed until the Contractor has modified the
reinforcing steel cage support, to prevent vertical movement, in amanner satisfactory to the
Engineer.

Concrete Placement: The drilled shaft concrete shal be placed immediately after the
reinforcing steel cage is placed and shall be placed according to the requirements of this
specification and all related specifications. When possible, drilled shaft concrete shall be
placed the same working day in which the excavation is done. If it is anticipated that the
excavation, reinforcing steel placement, and concrete placement cannot be completed before
the end of the working day, the excavation shall not be started until the following day unless
otherwise approved by the Engineer. It is required that drilled shaft concrete be placed
within 24 hours of the excavation reaching the friction bedrock elevation specified in the
plans. Inthe event that the 24 hour time limitation is exceeded, drilled shaft operations shall
cease and the Bridge Design Office shall be immediately notified.

Concrete placement shall be continuous until the shaft is full and uncontaminated concrete
flows out of the top of the shaft, as determined by the Engineer. The use of spud vibrators
or other vibrating tools in the drilled shaft concrete will not be permitted.

The free fall method of concrete placement is allowed for shafts 36 inches (915 mm) in
diameter or greater provided that all of the following conditions are met:

The water accumulation rate in the excavation is three inches or less per hour (75
mm or less per hour);

There is no caving or sloughing of the excavation,

Theexcavationisdewatered immediately prior to concrete placement suchthat there
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isno more than 3 inches (75 mm) of standing water in the bottom of the excavation;

The concrete placement is directed through a hopper with adrop tube such that the
concrete fall is vertical down the center of the shaft and the concrete is not allowed
to hit the sides of the shaft or the reinforcing steel cage.

Underwater Placement of Concrete:

1.

Tremie: Thetremie pipe shall be aminimum of 0.25 inch (6.35 mm) thick wall steel
pipe, with a minimum inside diameter of 7 3/4 inches (196 mm). The tremie pipe
shall be smooth and thoroughly cleaned of any hardened concrete, rust, and all other
contaminants. The tremie pipe shall be marked to allow determination of depth to
the mouth of thetremie. Joints between sections of tremie pipe shall be gasketed and
bolted to be watertight under placement conditions. Instead of bolted joints, welded
joints may be used if a smooth finish is maintained on the inside of the tremie pipe at
the weld location.

A craneor other lifting device shall be available to remove the tremie from the water
for resealing or horizontal relocation.

Placement of underwater concrete shall beacontinuousoperation. If aninterruption
in placement occurs, the interruption shall not exceed 30 minutes without removal
of the tremie and restarting the concrete placement according to the paragraph
below. Aninterruptionin concrete placement shall not exceed thetimefor initial set
of the concrete. If the concrete attains the initial set before the concrete placement
is completed, concrete placement shall cease and the concrete in the shaft shall be
rejected and removed from the shaft.

Starting/Restarting of the concrete placement by tremie shall begin by sealing the
bottom of the tremie with awatertight seal before placing the tremie into the water.
Thewatertight seal shall prevent water fromentering thetremie, yet will be dislodged
when concrete flow isinitiated. The empty tremie pipe shall be sufficiently heavy to
be negatively buoyant when empty. The tremie pipe shall be sealed, lowered to the
bottom of the shaft, and completely filled with concrete. Fill the tremie Sowly to
avoid entrapped air and bridging. When full, the tremie shall be dowly lifted six
inches (150 mm) off the bottom to start concrete flow. The concrete supply shall be
continuous until soundings indicate the tremie has the required embedment. After
being dislodged, the sealing device shall either remain on the bottom or be retrieved
by the Contractor.

The mouth of the tremie shall always remain embedded in the fresh concrete unless
thetremieisbeing completely removed fromthewater. At no timeshall the concrete
be allowed to fall through water. Embedment shall be a minimum of five feet (1500
mm).

A tremie shall not be moved horizontally while concrete is flowing throughit. To
relocateatremie, lift it fromthewater, reseal, relocate, and restart asrequired above.
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All vertical movements of the tremie shall be made slowly and shall be carefully
controlled to prevent loss of seal. If loss of seal occurs, placement through that
tremie shall be halted immediately. Thetremie shall be removed, resealed, replaced,
and restarted as described above.

2. Concrete Pump: Concrete pumps can be used for underwater concrete placement
if surging of the pump line can be controlled to keep the pump line sufficiently
embedded into the fresh concrete. If surging of the line cannot be controlled, a
concrete pump shall not be used.

The pump line shall be not less than four inches (100 mm) in diameter. The portion
of the pump line that penetrates the deposited concrete shall be a rigid steel line

(pipe).

An approved plug shal beinserted into the pump line, near the pump, in such away
that there is fresh concrete against the plug, with no air or water between the plug
and concrete. The plug shall be advanced down the pump line, using pressure from
the concrete pump, to the bottom of the shaft.

Placement shall begin with the pump line within six inches (150 mm) of the bottom
of the shaft. After pumping begins, the pump line shall be kept within six inches (150
mm) of the bottom until soundings indicate that the pump line is embedded at least
fivefeet (1500 mm) into fresh concrete. The end of the pump line may be raised with
the rising column of concrete as long as the end of the pump line remains embedded
at least five feet (1500 mm) into the concrete. At no time shall the concrete be
allowed to fal through water.

Placement of concrete shall be a continuous operation. Interruptions of placement
shall not exceed 30 minutes or the time of initial set of the concrete whichever is
shorter. If the time of initial set is exceeded, the concrete shall be rejected and
removed from the shaft.

If the pump line is alowed to come out of, or is removed from, the concrete once
placement has begun, placement through the pump line shall be restarted. A
watertight seal shall be installed on the end of the pump line. The line shall then be
filled with concrete before the pump line is lowered into the water. The pump line
shall be filled in such away asto eliminate air or water in the line. Once filled, the
pump line shall be embedded a minimum of five feet (1500 mm) into the concrete
and pumping resumed. The sealing device shall be retrieved by the Contractor after
pumping has been restarted.

J. Construction Tolerances: The following tolerances apply to drilled shafts:
The drilled shaft shall be within one twelfth of the shaft diameter or 3 inches (75

mm), whichever isless, of the plan shown horizontal position, at the plan elevation
of the top of the shaft.
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The bottom of the shaft shall be drilled to the plan shown elevation, within a
tolerance of plus or minus six inches (150 mm).

The vertical alignment of the shaft excavation shall not vary from the plan alignment
by more than one fourth inch per foot of depth or three inches (20 mm per 2000 mm
of length or 75 mm), whichever is less.

After all concreteisplaced, thetop of thereinforcing steel cage shall be no morethan
six inches (150 mm) above nor more than three inches (75 mm) below plan position.

The diameter of the completed shaft shall be the plan diameter with a tolerance of
minus zero inch, plus two inches (minus zero mm, plus 50 mm).

The top of the shaft shall be built to plan elevation with atolerance of plus or minus
oneinch (25 mm). The plan shown elevation of the top of shaft shall not be changed
without prior permission from the Bridge Design Office.

Excavation equipment and methods shall be designed so the completed shaft
excavation will have arelatively flat bottom.

465.4 METHOD OF MEASUREMENT

A.

Class A45 (A31) Concrete, Drilled Shaft: The plan quantity shall be the quantity
paid for unless a change is ordered in writing. 1f achange is ordered, measurement
will be according to neat line dimensions specified in the change and quantities
computed to the nearest 0.1 cubic yard (0.1 cubic meter).

Drilled-1n-Foundation Excavation: Theplan quantity shall bethe quantity paid for
unless a change is ordered in writing. |f a change is ordered, measurement will be
according to the neat linedimensions specified in the change and quantitiescomputed
to the nearest 0.1 cubic yard (0.1 cubic meter).

Permanent Casing: The length of casing from the plan shown cutoff elevation to
the bottom of the casing unless otherwise specified in the plans. Permanent Casing
shall be measured to the nearest 0.1 linear foot (0.1 meter), for each specified size
of casing.

465.5 PAYMENT

A.

Class A45 (A31) Concrete Drilled Shaft: The accepted quantities of concrete will
be paid for at the contract unit price per cubic yard (cubic meter). Payment will be
full compensation for labor, equipment, tools, materials, and all incidentals required.
Payment will be for plan quantity regardless of the amount placed. If achangeis
ordered, payment will be for the changed quantity at the contract unit price.

Drilled-1n-Foundation Excavation: The accepted quantities of excavation shall be
paid for at the contract unit price per cubic yard (cubic meter). Payment will be full
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compensation for labor, equipment, tools, materials, and all incidentals required,
including blasting equipment and temporary casings. Payment will be for plan
guantity regardless of the amount placed. If achangeisordered, payment will befor
the changed quantity at the contract unit price

Permanent Casing: Theaccepted quantitiesof casing will bepaid for at the contract
unit price per linear foot (meter), for each specified size. Payment will be full
compensation for labor, equipment, tools, materials, and all incidentals required.



