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KANSAS DEPARTMENT OF TRANSPORTATION
SPECIAL PROVISION TO THE

STANDARD SPECIFICATIONS, 1990 EDITION

SECTION 706

DRILLED SHAFTS

Page 454, Section 706.  Delete this Section and replace with this:

706.1 DESCRIPTION.

Construct the drilled shafts designated in the Contract Documents.

BID ITEM UNIT
Drilled Shaft (*) (**) meter
Permanent Casing (Set Price) meter
Sonic Test (Drilled Shaft) (Set Price) each

*Size
**Cased (If the cased method is specified in the Contract Documents.)

706.2 MATERIALS.

a. Concrete.  Provide the specified grade of concrete that complies with the requirements
of Section 402.

If either the dry pour cased method (with casing pulled at the time of concrete placement)
or the wet pour cased method is used, provide the specified grade of concrete with 10 percent
additional cement.  Concrete placed by the dry pour cased method must have a slump of 150 mm
±25 mm.  Concrete placed by the wet pour cased method must have a slump of 200 mm ±25 mm.

b. Reinforcing Steel.  Provide steel bars for concrete reinforcement that comply with the
requirements of Section 1600.

c. Casing.  Provide casing of sufficient thickness to carry the working stresses and loads
imposed on the casing by the method of construction.  Fabricate the casing in the shop, in lengths
suitable for shipping and handling.  Perform shop welding by the automatic welding process to
develop the casing strength.  Perform field welds to develop adequate casing strength to fit the
method of construction.  Use certified welders for all welds.  The Engineer will visually inspect
the welds for condition.

If permanent casing is provided, the casing must not be more than 25 mm out-of-round,
and the deviation of a chord from end to end must not be greater than 50 mm.
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Unless provided otherwise in the Contract Documents, corrugated metal pipe may be
used as a permanent casing, if used with a temporary steel casing.

The Engineer will accept the casing based on compliance with the specified requirements,
and visual inspection for condition.

d. Pipe for Sonic Testing.  Provide 50 mm diameter steel pipe that complies with the
requirements of ASTM A 53, Standard Weight.  Provide pipes that are regular and free from
defects so that unobstructed passage of the sonic probes is possible.  Provide clean pipe (both
internal and external surfaces) with watertight joints (the internal joints must be flush).  Provide
screw-on watertight shoes and caps for the pipes.

The Engineer will accept the pipe based on receipt and approval of a Type D certification
that complies with the requirements of Section 2600.

706.3 CONSTRUCTION REQUIREMENTS.

a. General.  Before starting construction of the drilled shafts, complete the excavation for
the substructure elements in which the drilled shafts will be constructed.

Construct the drilled shafts according to the requirements specified in the Contract
Documents.

The estimated lengths of drilled shafts shown in the Contract Documents are based on
estimated top of formation elevations determined from borings.  Based on the actual conditions
found at each shaft, the Engineer will determine the actual length of each drilled shaft as the
work progresses.  The Engineer will provide the Contractor (in writing) with the bottom of rock
socket elevation for each drilled shaft.

At least 1 month before constructing the drilled shafts, submit an installation plan to the
Engineer for review.  Provide this information as a minimum:

• Name and experience record of the drilled shaft superintendent in charge of drilled shaft
operations for this project.

• List of proposed equipment, such as cranes, drills, augers, bailing buckets, final cleaning
equipment, desanding equipment, slurry pumps, core-sampling equipment, tremies or
concrete pumps, and casing.

• Details of concrete placement, including proposed operational procedures for tremie and
pumping methods.

• Method of controlling the operations to prevent damage to existing structures and utilities. 
Preventive measures must include, but are not limited to, selecting construction methods
and procedures that will prevent caving of the shaft excavation, monitoring and controlling
the vibrations from construction activities such as the driving of casing or sheeting, drilling
of the shaft, or from blasting, if permitted.

• If requested by the Engineer, provide an outline of the proposed method of placing the
shaft casing.  Include computations of critical stresses imposed on the casing at any stage
of construction.

b. Construction Methods.
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(1) Uncased Method.  This method is used at locations if the excavated shaft is expected
to be stable and no caving soil or excess water flow is anticipated.  If the actual condition
indicates that the excavation is subject to caving or excess water flow, do not use the uncased
method.

Make the shaft excavation by any practicable means without the use of water or drilling
mud.  Unless rock or obstructions are encountered, complete the shaft excavation in a continuous
operation.  Place the concrete without undue delay.

If in-the-shaft inspection is required by the Engineer, provide a temporary casing.
(2) Cased Method.  This method is used if specified in the Contract Documents, or if

caving conditions are encountered, or if excess water begins to flow into the excavation.  Unless
otherwise specified in the Contract Documents, the Contractor has the option of providing either
a temporary casing and/or a permanent casing to prevent earth or water from flowing into the
excavation.  The excavation may be advanced by stabilizing the hole by use of a fluid of the
appropriate density.  However, no drilling fluid is allowed in the rock socket at any time. 
Attempt to seal the casing in a formation so as not to admit fluid or earth.  If water continues to
flow into the excavation, and if directed by the Engineer, lower the casing deeper into the
formation.  If the bottom of the casing is in the formation, and water continues to flow into the
excavation, and it is apparent that lowering the bottom of the casing will not limit water from
flowing into the excavation as required by the dry pour method, or no other methods will seal the
excavation, use the wet pour method.

(a) Dry Pour Method.  A dry pour is defined as a drilled shaft where the inflow of water
can be reduced to meet both of these conditions:
• Inflow of water does not fill the hole more than 100 mm in depth in a 5 minute

period, and;
• The shaft can be dewatered with a 50 mm pump and no more than 50 mm of

water is in the hole when concrete is placed
Just prior to placing the concrete, a minimum of 75 percent of the base of each shaft
must have less than 12 mm of sediment at the time of placement of the concrete. 
The Engineer will determine the shaft cleanliness by visual inspection or other
appropriate methods.
Unless otherwise specified in the Contract Documents, or directed by the
Engineer, the temporary casing may be withdrawn as the shaft is filled with
concrete without the use of a permanent casing.  Maintain an adequate head of
concrete to balance outside soil pressure above the bottom of the casing at all
times during withdrawal.  The concrete and casing must have characteristics so
that the concrete in the column will not move upward as the casing is pulled. 
Take precautions to assure that the fluid trapped behind the casing does not flow
into the excavation during the upward movement of the casing.  The hydrostatic
pressure in the concrete column at the bottom of the casing should be sufficient to
drive the column of fluid upward.  The withdrawal rate of the casing must
enhance the possibility of expelling all the fluid from the excavation.  Pull the
casing before the slump decreases below 125 mm as determined by testing.
As an alternate to the 125 mm slump control method, begin removal of the casing
within 30 minutes once the concrete reaches the bottom of the casing.  While
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maintaining adequate hydrostatic pressure, continue to pull the casing so that no
concrete is left inside the casing for more than one hour.  If the Contractor is
unable to remove the casing, or cannot withdraw the casing within these limits,
the casing must be left in place.
(b) Wet Pour Method.  Place a wet pour (concrete placed under water) if the flow
of water into the shaft cannot be prevented as defined in the dry pour method.  At
the time a wet pour is made, the water level in the shaft must be static and at river
level or higher to prevent flow into the shaft.  Provide a method of inspection. 
Place a wet pour by the tremie method or by pump after the shaft and rock socket
are acceptable to the Engineer.  A tremie is a watertight tube having a diameter of
not less than 250 mm, with a hopper at the top.  When a batch is dumped in the
hopper, induce the flow of concrete by slightly raising the discharge end, always
keeping it in the deposited concrete. 
Use concrete pump discharge tubes and tremie tubes to deposit concrete under
water that are non-aluminum and are equipped with a device that will prevent
water from entering the tube while charging the tube with concrete.  Support such
tubes so as to permit free movement of the discharge end over the entire top
surface of the work, and to permit rapid lowering, when necessary to retard or stop
the flow of concrete.  Fill the tube by a method that will prevent washing of the
concrete.  The discharge end must be completely submerged in concrete at all
times and the tube must contain sufficient concrete to prevent water entry.
Maintain a continuous flow, until the work is completed, and provide a resulting
concrete seal that is monolithic and homogeneous.  When the concrete reaches the
top of the shaft, continue placing concrete in the tremie to displace all water,
debris, and unsound concrete until directed by the Engineer to stop.  Place the wet
pour in 1 continuous pour from the bottom of the socket upward until the shaft is
filled to the plan elevation, and all water and unsound concrete has been removed.
A water tight permanent casing is required when the wet method of construction
is used.

c. Placing the Casing and Excavating the Drill Shafts.  While placing the casing, do
not create excess stresses on the casing, or damage the casing.

Locate the top of the shaft within 50 mm of the location shown in the Contract
Documents.  Unless otherwise shown in the Contract Documents, bore all shafts plumb to within
a tolerance of 8 mm per meter of length of shaft, not to exceed 150 mm.  The bottom of the shaft
must be nearly flat.

Install the casing in such a manner that there are a minimum of voids between the
overburden and casing.

Do not perform any work in the area of a drilled shaft that might damage the shaft.  If a
temporary casing is used in conjunction with a permanent casing, wait at least 72 hours after the
completion of the concrete placement before pulling the temporary casing.

Do not begin excavation for closely spaced drill shafts (3 drilled shaft diameters or less
center to center) or those occurring in unstable stratum until after adjacent holes are filled with
concrete and allowed to set for 72 hours after completion of the concrete placement.  This time
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may be reduced if the concrete has reached a flexural strength of 2 MPa as determined using the
third point loading method.  As nearly as practicable, cure the beam specimens in the same
manner as the concrete they represent.  Break the beam specimens with the Engineer observing.

Excavate by hand, with a power driven rig, with an air lift, or with other types of
equipment or combination of methods that are acceptable to the Engineer.

Use excavation and drilling equipment that has adequate capacity including power, torque
and down thrust to excavate a hole of both the maximum diameter and to a depth of 20 percent
beyond the depths shown in the Contract Documents.  The equipment and methods must be
designed so that the completed shaft excavation will have a relatively flat bottom.  The cutting
edges of excavation equipment must be normal to the vertical axis of the equipment within a
tolerance of ± 30 mm per meter of diameter.

After removal of the overburden, complete the excavation below the top of rock as an
uncased bore (rock socket) of the diameter shown in the Contract Documents.

In order to prevent overburden from flowing into the rock socket in unstable soil, do not
excavate the socket until the casing is seated in the rock.  The method of excavating the rock
socket along the axis of the shaft is left to the Contractor’s discretion with the Engineer’s
approval.  Avoid overbreakage at the formation surface as much as possible so as not to impair
sealing the flow of overburden into the shaft.

Make the rock excavation cylindrical to the depth shown in the Contract Documents. 
Rock projections must not interfere with placing the reinforcing steel cage.

Excavate so that all overburden, rock fragments and other material is removed from the
shaft and rock socket.  Leave the inside surface clean and free of extraneous material prior to
placing concrete.  Dispose of the excavated material.

Maintain a construction method log during shaft excavation.  Include information such as
the description and approximate top and bottom elevation of each soil or rock material, seepage or
groundwater, and remarks.

d. Inspection and Access.  Provide facilities and equipment as necessary to provide
access into each shaft for workers, and for the Engineer to make inspections as the work
progresses.  At all times when any person is in the drilled shaft excavation, make provisions for
pumping fresh air to the person..  Provide electric lighting.  Use only air or electrically operated
equipment inside the excavation.  Do not use gasoline engines or other type of equipment that
produces toxic fumes.

The Engineer will inspect the steel casing after it is placed.  Replace or repair any casing
that shows bends or other deformations.

The Engineer will inspect and determine to his satisfaction that each shaft is properly
located and aligned, that the rock socket is properly excavated, and that construction of the shaft
complies with the requirements shown in the Contract Documents.  The Engineer will inspect
each shaft immediately before the concrete is deposited.  Do not place any concrete until the
Engineer approves the shaft.

e. Placing Drilled Shaft Concrete.  Completely assemble the reinforcing steel cage, and
place it as a unit for the full length of the shaft prior to placing any concrete (including wet pour
concrete).  Install and fix the reinforcing steel within the tolerances of the position shown in the
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Contract Documents by some positive method of support.  Provide centering to ensure that the
reinforcing cage is held in proper position while concrete is placed. Use concrete spacers or other
approved non-corrosive spacing devices at sufficient intervals (near the bottom and at intervals not
exceeding 3 meters up the shaft) to ensure concentric spacing for the entire cage length.  If the shaft
is deepened and additional reinforcing steel cage is required, make the splice at the bottom of the
steel cage.

Install pipes for sonic testing in each drilled shaft.  Install the specified number of pipes for
each shaft at the locations shown in the Contract Documents or as required by the testing agency. 
Before installing the pipes, submit to the Engineer for approval a proposal for installation of the
pipes.  Fix the pipes to the interior of the reinforcement cage, with a minimum cover of 7.5 mm
from the shaft periphery.  Install the pipes as near to parallel as possible.  If several sections of pipe
are required to reach the full length, the joints must be watertight.  The pipes must extend at least
300 mm above the top of the shaft concrete.  The lower end of the pipes must extend to the bottom
of the rock socket.  The inside and outside surfaces of the pipes must be clean.  Fill the pipes with
water and cap them after the installation is complete.  For accurate test results, the pipes (with
shoes, caps, and joints, if any) must be watertight when initially filled with water, and must remain
watertight until the testing is complete.

If wet pour concrete is placed in the shafts, use a tremie pipe or pump centered in the
shaft.  Place other concrete according to the requirements of Section 701, using closed chutes or
pipes, with a maximum drop of 1½ m.  Place the concrete in the shafts continuously, without
joints, voids, or soil inclusions.  Do not damage the pipes for sonic testing when placing the
concrete.

Cure the exposed surfaces of the shafts according to the requirements of Section 701,
except do not use liquid membrane forming compounds.

f. Sonic Testing.
(1) General.  Provide sonic, non-destructive, integrity testing for the drilled shafts

designated in the Contract Documents.  The Engineer has the option to require additional testing (in
addition to the locations designated in the Contract Documents) at the locations he designates.

Provide sonic testing consisting of cross-hole sonic logging measurements.  Secure the
services of an independent, experienced testing organization to take the sonic logging
measurements.  The testing organization and test procedures for sonic testing must be approved by
the Engineer.  Submit to the Engineer for approval the testing organization's record of experience, a
written description of the testing procedures, operation manuals for the testing equipment, and
samples of previous test results indicating both sound and defective concrete.

(2) Sonic Logging Equipment.  Provide sonic logging equipment with, as a minimum, these
components:

• Analyzer unit complete with emitter and receiver modules and thermal printer, or an
approved equal;

• Ultrasonic emitter and receiver probes;
• Winch and Tripod;
• Connecting cables.

Provide all necessary supplies, support equipment, power, and provide reasonable access to the
shaft top.
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(3) Sonic Logging Test Procedure.  Before the testing begins, check the pipes to ensure
that they are free from blockages and filled with water.  Determine the elevation of the top of each
completed drilled shaft, determine the elevation of the top of each pipe, and plumb each pipe to
determine the depth.  Provide the Engineer with this information.

Conduct the sonic testing at least 2 days after, but not more than 21 days after the
concrete is placed in the drilled shaft.

Conduct the sonic logging test procedure between adjacent pairs of pipes along the
periphery of the shaft.  If faults are detected, the Engineer may request tests between diagonally
opposite pipes.  Conduct the tests with the probes in the same horizontal plane, unless the Engineer
requests that faults be further evaluated with the probes on different horizontal planes.

Thoroughly check the electronic circuit of the testing equipment.  Chose a time base that
will provide that the “zero signal” and "first arrival" are 2 to 3 divisions apart on the horizontal axis.
 Select an amplitude signal that fills 2/3 to 3/4 of the screen vertically.

Raise the probes simultaneously from the bottom of the pipes by hand winch ensuring that
all “slack” is taken out of the cables before the analyzer is switched on.  The speed of ascent must
be less than 300 mm per second.

(4) Record of Testing.  Label and mount the test results (recorded on thermal or graphical
printouts) upon completion of the test.  Reference the profiles to the top of the pipe elevation.  The
vertical scale must represent the vertical log of the shaft.  The horizontal scale must represent the
propagation time.

Inform the Engineer on site of any faults, honeycombing or poor concrete detected by a
fainting of the signals and a sudden lengthening of the propagation time.  Conduct further tests
requested by the Engineer to evaluate the extent of the defects.

If the sonic logging inspection indicates defective underwater concrete in the shaft, which in
the opinion of the Engineer impairs the strength of the completed drilled shaft, drill cores at
locations directed by the Engineer.  The core samples must be NX size or larger.  Provide the
Engineer with core samples appropriately labeled as to the location and elevation interval from
which they were taken.  If the concrete is found defective, submit a proposal for correction to the
Engineer in writing.  The Engineer must approve the proposed corrective procedures before such
corrective work is undertaken.  After the corrective work is completed, fill the core holes by
pressure grouting.  Use a grout consisting of 1 part cement to 1 part sand by volume.

Provide the Engineer with a report, signed by a professional engineer, of the results and
recommendations for acceptance or correction of each shaft.  Provide the Engineer the report of the
sonic testing within 1 week of conducting the test.

After completion of the sonic logging and final acceptance of the drilled shaft, pressure
grout the access pipes, using 1 part cement to 1 part sand by volume.

g. Backfill.  If a temporary casing and a permanent casing is used, backfill the space
between them unless otherwise noted in the Contract Documents.  Use free flowing granular
material for backfilling.  The maximum size of the granular material is 6 mm, or less than the
minimum dimension between the temporary casing and the permanent casing, whichever is
smaller.  Submit the granular material to the Engineer for approval.

Place the granular material so the void between the temporary casing and the permanent
casing is completely filled except for the top 600 mm.  The placement of the backfill material
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and the pulling of the temporary casing may be done in stages as long as the bottom of the casing
remains below the top of the backfill material at all times.  Backfill the top 600 mm with the
same top soil that was removed during excavation of the drilled shaft.

706.4 MEASUREMENT AND PAYMENT.

The Engineer will measure the completed and accepted drilled shafts by the meter
(measured to the nearest 0.01 m and paid to the nearest 0.1 m).  The Engineer will measure from
the bottom of the rock socket to the top of the completed drilled shaft.

The Engineer will measure the permanent casing left in place if the permanent cased
method of construction is necessary, but was not specified in the Contract Documents.  The
Engineer will not measure the permanent casing left in place if the Contract Documents specify
the cased method of construction.  The Engineer will not measure the permanent casing left in
place because the Contractor does not meet the time limits for withdrawal of the casing shown
for the dry pour, cased method of construction. The Engineer will not measure the permanent
casing left in place because the Contractor elects to use the casing for his convenience.  The
Engineer will not measure temporary casing.  The Engineer will measure the accepted permanent
casing by the meter (measured to the nearest 0.01 m and paid to the nearest 0.1 m).

The Engineer will measure each completed and accepted sonic test as a unit.  If the sonic
testing indicates defective concrete in shaft, and the cores reveal defective concrete, the Engineer
will not measure the sonic test for payment.

Payment for "Drilled Shafts" at the Contract unit prices and for "Permanent Casing" and
"Sonic Test" at the Contract set prices is full compensation for the specified work.

If the drilled shaft is lengthened during construction as directed by the Engineer, the
Engineer will measure and pay for additional reinforcing steel according to the requirements of
Section 703.

If the Engineer (in addition to the testing designated in the Contract Documents) requires
additional sonic testing, the Engineer will pay for the additional tests at the Contract set price.

If the sonic testing indicates defective concrete in shaft, and the Engineer request cores of
the shaft, the Engineer will not measure the cores for payment if the cores reveal defective
concrete.  If the cores reveal sound concrete, the Engineer will pay for the cores as "Extra Work"
according to the provisions of Division 100.
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