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Contractor proposes type of hole in Installation Plan but Mother Nature has 
the final say. If water accumulates in the hole overnight, could dewater but 
care should be taken if the water is due to the location of the water table and 
upon dewatering, could lead to caving. Intent is to not contaminate the 
concrete and compromise the concrete strength. 

00512.47 Concrete – Furnish and place concrete according to the following:

(b) Dry Shaft Concrete Placement – Concrete may be placed by free-fall if 
all of the following conditions are met:

• No more than 3 inches of water is present in the bottom of the 
excavation at the beginning of the pour.

• Groundwater seepage into the excavation is at a rate of no more than 
12 inches per hour.

• Shaft diameter is greater than or equal to 3 feet.
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00512.43 Drilled Shaft Excavation – Perform drilled shaft excavation 
according to the following:

(h) Clean Out - Use appropriate means, such as a cleanout bucket, pump or 
air lift, to clean the bottom of the drilled shaft excavations. No more than 2 
inches of loose or disturbed material will be allowed at the bottom of the 
excavation for end-bearing drilled shafts. No more than 6 inches of loose or 
disturbed material will be allowed at the bottom of the excavation for side 
friction drilled shafts. Assume end-bearing shafts unless otherwise shown or 
specified. Shaft cleanliness will be determined by the Engineer. 
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00512.47 (b) Dry Shaft Concrete Placement – Concrete may be placed by 
free-fall if all of the following conditions are met:

• No more than 3 inches of water is present in the bottom of the 
excavation at the beginning of the pour.

• Groundwater seepage into the excavation is at a rate of no more than 
12 inches per hour.

• Shaft diameter is greater than or equal to 3 feet.

Under free-fall placement, deposit concrete through the center of the 
reinforcement cage by a method which prevents segregation of aggregates 
and splashing of concrete on the reinforcement cage. Place concrete so that 
the free-fall is vertical down the center of the shaft without hitting the sides, 
the steel reinforcing bars or steel cage bracing.
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00512.43 Drilled Shaft Excavation –

Do not leave partially completed shaft excavations open overnight unless 
they are cased full depth or otherwise stabilized with approved methods. If 
approved by the Engineer, a partially excavated shaft may be left open 
overnight, provided that the excavation is:

• Stabilized at the bottom, sides and surface to prevent soil caving or 
swelling or a reduction of soil strength.

• Covered at the surface to protect the public. 
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How safe is this site? What’s missing?
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Proper storage: Should be off the ground. Should be contained. 

Proper handling: Read MSDS so you know what the appropriate PPE is. 
Stay upwind during introduction. 
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00512.14 Drilling Slurry – Furnish drilling slurry meeting one of the 
following requirements:

(b) Synthetic Slurries – Select synthetic slurries from the QPL. Use 
synthetic slurries according to the manufacturer’s recommendations and the 
Contractor’s quality control plan. The sand content of synthetic slurry shall 
be less than 2.0 percent (API 13B-1, Section 5) prior to final cleaning and
immediately prior to concrete placement.
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Drilled Shaft Installation plan includes information on the slurry. Check to 
ensure that the proposed product is being used. 
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The charged slurry passes from the hopper (1) to a scalping vibrating screen 
(2) which removed fractions >5mm and from there to a storage reservoir (3). 
A circulating pump (4) pumps it into the cyclone (5) which separates the 
fines from the slurry. Fine particles are discharged via the cyclone underflow 
(6) and drop onto vibrating dewatering screen (7), which separates out any 
fines still remaining in the slurry. The treated slurry is discharged into a 
holding tank (9) via the cyclone overflow (8), then to a separate outside 
storage tank. An automatic level control (10), operated by a float, keeps the 
slurry level in the storage reservoir constant during the desanding process.
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At a minimum, discuss the test results with the contractor’s tester and 
document in your Daily Report. A better option, is to get copies of the test 
results from the tester.
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Add water slurry 00512.14(c)

Add testing frequency of slurry: 00512.43(g). Contractor’s responsibility 
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ODOT 2015 Standard Specification

00512.43 (g) Drilling Slurry Inspection and Testing – Mix and thoroughly 
hydrate all drilling slurries in an appropriate storage facility. Collect sample 
sets from the storage facility and perform tests to ensure the slurry conforms 
to the specified material properties before introduction into the drilled shaft 
excavation. A sample set shall be composed of samples taken at mid-depth 
and within 24 inches of the bottom of the storage facility.

Sample and test all slurry in the presence of the Engineer, unless otherwise 
directed. The sample sets of slurry within the excavation shall consist of 
samples taken at mid-depth of the excavation and within 24 inches of the 
bottom of the excavation. Collect and test sample sets during the drilling 
operation as necessary to ensure the specified properties of the slurry are 
maintained. Clean, recirculate, de-sand, or replace the slurry as necessary 
to maintain the specified slurry properties. Final cleaning of the excavation 
and placement of concrete will not be allowed until the test results indicate 
the slurry properties are as specified. 

Perform a minimum of two sets of slurry tests per eight-hour work shift, the 
first test being done at the beginning of the shift. Field conditions may 
require more frequent testing to ensure acceptable slurry properties.

Make copies of all slurry test results available to the Engineer on request.
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ODOT 2015 Standard Specification

00512.43 (g) Drilling Slurry Inspection and Testing – Mix and thoroughly 
hydrate all drilling slurries in an appropriate storage facility. Collect sample 
sets from the storage facility and perform tests to ensure the slurry conforms 
to the specified material properties before introduction into the drilled shaft 
excavation. A sample set shall be composed of samples taken at mid-depth 
and within 24 inches of the bottom of the storage facility.

Sample and test all slurry in the presence of the Engineer, unless otherwise 
directed. The sample sets of slurry within the excavation shall consist of 
samples taken at mid-depth of the excavation and within 24 inches of the 
bottom of the excavation. Collect and test sample sets during the drilling 
operation as necessary to ensure the specified properties of the slurry are 
maintained. Clean, recirculate, de-sand, or replace the slurry as necessary 
to maintain the specified slurry properties. Final cleaning of the excavation 
and placement of concrete will not be allowed until the test results indicate 
the slurry properties are as specified. 

Perform a minimum of two sets of slurry tests per eight-hour work shift, the 
first test being done at the beginning of the shift. Field conditions may 
require more frequent testing to ensure acceptable slurry properties.

Make copies of all slurry test results available to the Engineer on request.

November 2016

Wet Shaft Construction 5-45

Drilled Shaft Inspector Training



Drilled Shaft Inspector Training November 2016

Dry Shaft Construction 5-46



November 2016

Wet Shaft Construction 5-47

Drilled Shaft Inspector Training



The viscosity test is also known as the Marsh Funnel. This test is performed 
on the pre-mixed slurry prior to introduction in the hole and consists basically 
of measuring the time required for a prescribed amount of slurry to pass 
through a plastic funnel with a standard size orifice. The funnel is held in an 
upright position with the outlet sealed by one’s hand or finger. The test 
sample is poured through the screen at the top of the funnel until the mud 
level just reaches the underside of the screen. A stop watch is used to 
measure the time for a prescribed amount of mud to exit the funnel with the 
results measured in seconds. As a comparative number, clear water would 
generally have a test result of 26 seconds. 
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The second test prescribed for the pre-mixed slurry, and a test that may also 
be used for testing samples from the actual excavation, is the density test or 
mud balance. This device is standardized such that a prescribed amount of 
mud can be added to a cup attached to a balance arm which rests across a 
fulcrum. Readings can be taken directly on the scale depending on the 
weight of mud contained in the cup. The procedures for this test are outlined 
in the following:

1. Fill the cup with mud to be weighed.

2. Place the lid on the cup and seat it firmly but slowly with a twisting 
motion. Be sure some mud runs out of the hole in the cap.

3. With the hole in the cap covered with a finger, wash or wipe down all 
mud from the outside of the cup and arm. 

4. Set the knife on the fulcrum and move the sliding weight along the 
graduated arm until the cup and arm are balanced.

5. Read the density of the mud at the left hand edge of the sliding 
weight.
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A more complex test is required when the sand content must be determined. 
The equipment required for this test consists of a 200 mesh sieve, a small 
funnel and a sand content tube. The test procedure is prescribed as follows:

1. Fill the sand content tube to the indicated mark with mud. Add water 
to next mark. Close mouth of the tube and shake vigorously

2. Pour the mixture onto the clean, wet screen. Discard the liquid 
passing through the screen. Add more water to the tube, shake, and 
again pour onto the screen. Repeat until the wash water passes 
through clear. Wash the sand retained on the screen to free it of any 
remaining mud.

3. Fit the funnel upside down over the top of the screen. Slowly invert 
the assembly and insert the tip of the funnel into the mouth of the 
tube. Wash the sand into the tube by spraying a fine spray of water 
through the screen. (Tapping on the side of the screen with a spatula 
handle, may facilitate this process). Allow the sand to settle, from the 
gradations on the tube, read the volume percent of the sand.

4. Report the sand content of the mud in volume percent. 
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00512.43 Drilled Shaft Excavation – Perform drilled shaft excavation 
according to the following: 

(f) Drilling Slurry Installation – If synthetic drilling slurry is selected, 
provide a manufacturer’s representative to provide technical assistance at 
the site prior to use of the slurry, who shall remain at the site during 
construction and completion of a minimum of one drilled shaft to adjust the 
slurry mix for the specific site subsurface conditions. After the manufacturer’s 
representative is no longer at the site, provide the approved personnel 
trained in the use of the synthetic slurry for the remainder of the shaft slurry 
operations to supervise the proper slurry mix design and quality control 
procedures. 

00512.40 (a), 6th bullet requires manufacturer’s representative for synthetic 
slurry to be named in the Drilled Shaft Installation Plan, and 00512.41, 2nd

bullet requires manufacturer’s representative for synthetic slurry to attend 
the coordination meeting and be on site during application. 
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It is necessary in some construction procedures to seat a temporary casing 
into an impervious formation such as massive rock. This temporary casing is 
used to retain the sides of the borehole only long enough for the fluid 
concrete to be placed. The temporary casing remains in place until the 
concrete has been poured to a level sufficient to withstand ground and 
groundwater pressures. The casing is removed alter the concrete is placed. 
Additional concrete is placed as the casing is being pulled to maintain the 
pressure balance. Thereafter, the fluid pressure of the concrete is assumed 
to provide borehole stability. 

The wall thickness of temporary casing should be determined by the 
contractor to ensure stability. Most casing is made of steel, and wall 
thicknesses usually vary from 0.5 inches upwards, with larger thickness for 
larger-diameter casings.

One of the most important uses of casing is to protect workers who most go 
into the borehole. In the picture above, workers have had to go down the 
hole to place rock bolts in a large boulder, which was then lifted to the 
surface. This is a temporary casing.
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Most drilled shaft contractors keep a supply of temporary, reusable steel 
casing in their yard in a variety of lengths and diameters. Most casing is 
specified according to its outside diameter. If an inside diameter is specified, 
the Contractor may have to purchase new casing for the project, which 
would be costly. 

Casing comes rolled in outside diameters of 30, 36, 42, 48, etc., inches. 
Most tools have similar diameters. So to drill a hole with a particular diameter 
below the casing the contractor will likely need to use a casing 6 in. larger in 
OD than the hole diameter below the casing. 

The picture above shows temporary casing stored in a Contractor’s area.
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Telescoping casing needs to be approved prior to installation. The 
documentation is provided in the drilled shaft installation plan. 
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Casing often needs to be inserted into very deep boreholes and/or into very 
strong geomaterials, which may make it difficult to remove the casings. In 
such instances, contractors may choose to “telescope” the casing. That is, 
the first 10 or so feet will be excavated and a large-diameter casing sealed 
into the geomaterial at the bottom of the hole. A smaller-diameter borehole 
will then be advanced below the bottom of the casing, and a second casing, 
of smaller diameter than the first casing, will be sealed into the geomaterial 
at the bottom of the second-stage borehole. The process can be repeated 
several times to greater and greater depths until the plan base elevation is 
reached. With each step, the borehole diameter is reduced, usually by about 
6 in. This procedure is often used where the geomaterial to be retained 
contains boulders.
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The use of permanent casing is implied by its name; the casing remains and 
becomes a permanent part of the foundation. An example of the use of 
permanent casing is when a drilled shaft is to be installed through water and 
the protruding portion of the casing is used as a form. A possible technique 
that has been used successfully is to set a template for positioning the drilled 
shaft, to set a permanent casing through the template with its top above the 
water and with its base set an appropriate distance below the mudline, to 
make the excavation with the use of drilling slurry, and to place the concrete 
through a tremie to the top of the casing. One possible objection to the use 
of such a technique is that the steel may corrode at the water level and 
become unsightly.
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Want a clean, smooth shaft that is not covered with debris and/or chunks of 
concrete. 
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00512.42 Construction Tolerances – Excavate drilled shafts as accurately as 
possible at the locations shown and within the specified tolerances listed below. 
Determine the drilled shaft dimensions and alignment with approved methods. The 
following construction tolerances apply to drilled shafts unless otherwise stated:

Horizontal Position (At the Plan Elevation of the Top of Shaft):

• Shaft Diameter Less Than or Equal to 6 Feet – 3-inch horizontal tolerance 
from the location shown.

• Shaft Diameter Greater Than 6 Feet – 6-inch horizontal tolerance from the 
location shown.

Top Elevation of Shaft Concrete:

• Top Elevation Above Water – Minus 3 inches to plus 1 inch from the plan 
top of shaft elevation.

• Top Elevation Under Water – Minus 3 inches to plus 6 inches from the plan 
top of shaft elevation.

Vertical Alignment in Soil – May not vary from the plan alignment by more than 
1.5% of the shaft length.

Vertical Alignment in Rock – May not vary from the plan alignment by more than 
2% of the shaft length.

Top of Steel Reinforcement – Plus or minus 6 inches from the plan top of steel 
reinforcement elevation.
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Plump Bob Method

If you know the vertical tolerance, which we do (1.5% for soil and 2.0% for 
rock) then you can use this method to determine vertical tolerance of plumb 
shafts.

Assume shaft in illustration is 50 ft. in depth, and is in soil.

1. Determine Tolerance; 1.5%., therefore, 1.5% x 50 ft. = 0.75 ft = 9″

2. Measure in from casing towards center of shaft 9″ – lower plumb bob

3. When plumb bob makes contact, note measurement.

4. Do this at several locations around shaft.

5. In our scenario, any measurement less than 50 ft. would indicate and out 
of alignment shaft.

Note – we are assuming the shaft is clean and there is no significant 
accumulation of sediment or cuttings on the bottom.
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(c) Temporary Casing - Provide temporary casing according to the
approved installation plan and of sufficient quantities to meet the needs of 
the anticipated construction method. Where the peak horizontal ground 
acceleration coefficient for the 1,000 year return period used for seismic 
design of the structure is less than or equal to 0.16 g (acceleration due to 
gravity), temporary telescoping casing may be used for the drilled shafts, 
subject to the following conditions:

• Submit the request to use temporary telescoping casing to the Engineer 
for approval. Specify the diameters and lengths of the temporary 
telescoping casing and the shafts where use is requested.

• The minimum diameter of the shaft shall be as shown on the plans.

• Backfill all voids between the temporary telescoping casing and the 
plan shaft dimensions with a material that approximates the 
geotechnical properties of the subsurface soils, or with concrete as 
approved.

• Use temporary telescoping casing material conforming to 00512.13.
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Commentary

Temporary casing is commonly installed through an unstable deposit in an 
overreamed hole by the wet method and sealed in an underlying impervious 
layer. This procedure traps drilling fluid between the casing and the borehole 
wall. This trapped drilling fluid must be displaced upward along the outside of 
the casing during casing extraction if the load support capacity of this deposit 
is to be mobilized and the structural integrity of the shaft is to be ensured.

Positive upward displacement of drilling fluid can only be achieved if an 
adequate head of fluid concrete fills the casing when the seal is broken 
during casing extraction. In general, the head of concrete should be kept at 
or above hydrostatic ground water level during casing extraction. This 
requires adding concrete during extraction, as the volume to fill the 
overreamed hole is greater than the casing volume. Casing should never be 
pulled after the concrete begins to set due to probable entrapment of drilling 
fluid in the shaft concrete and probable separation of the concrete within the 
shaft.
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Safety – what are the concerns?

00512.42 Construction Tolerances 

Frequently check the plumbness, alignment, and dimensions of the shaft 
during construction. Correct all out-of-tolerance shaft excavations and 
completed shafts to the satisfaction of the Engineer. Materials and work 
necessary to complete corrections for out-of-tolerance drilled shafts will be at 
the Contractor’s expense, and no extension of the Project completion date 
will be granted. Materials and work necessary to complete corrections for 
out-of-tolerance drilled shafts resulting from the removal of unexpected 
drilled shaft obstructions will be paid for according to 00195.20.
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00512.43 Drilled Shaft Excavation – Perform drilled shaft excavation 
according to the following:

(a) General – Excavate drilled shafts to the dimensions and elevations 
shown or as directed. Provide and maintain stabilized drilled shaft sidewalls 
and bottoms for the full depth of the excavation, using approved materials, 
equipment and methods. If caving or other unstable conditions occur during 
any construction procedure, stop further construction, notify the Engineer, 
and stabilize the shaft excavation by approved methods and submit a 
revised installation plan which addresses the problem and prevents further 
instability. Do not continue with shaft construction until any damage which 
occurred has been repaired according to the Specifications and until 
receiving the Engineer’s approval of the revised shaft installation plan.

If the Engineer has reason to believe that the drilled shaft excavation 
techniques or workmanship have been deficient, so that the integrity of any 
excavation is in question, work on that drilled shaft may be stopped. Drilled 
shaft excavation will not be allowed to resume until the deficient excavation 
techniques or workmanship have been changed to the Engineer’s 
satisfaction.
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00512.43 (h) Clean Out – Use appropriate means, such as a cleanout 
bucket, pump or air lift, to clean the bottom of the drilled shaft excavations. 
No more than 2 inches of loose or disturbed material will be allowed at the 
bottom of the excavation for end-bearing drilled shafts. No more than 6 
inches of loose or disturbed material will be allowed at the bottom of the 
excavation for side friction drilled shafts. Assume end-bearing shafts unless 
otherwise shown or specified. Shaft cleanliness will be determined by the 
Engineer.

Notify the Engineer of completion of each drilled shaft excavation to permit 
inspection before proceeding with construction. Measure final shaft depths 
with a suitable weighted tape or other approved method after final cleaning 
to determine that the shaft bottom meets the requirements in the Contract. 
Do not proceed with shaft construction until the bottom cleanliness 
requirements have been met and the bottom (shaft tip) elevation is 
approved.
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Keep track of the information on Drilled Shaft Excavation Log. 
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A full size version of this document is included in Appendix C along with 
other examples of completed excavation forms. 
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ODOT 2015 Standard Specification

00512.43 Drilled Shaft Excavation – Perform drilled shaft excavation 
according to the following:

(e) Lost Tools – Promptly remove drilling tools lost in the excavation. Lost 
tools will not be considered unexpected obstructions and shall be removed 
without additional compensation. Drilling tools lost during the course of 
removing unexpected drilled shaft obstructions will be paid according to 
00195.20. 
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This is a photograph of a defect on a highway bridge after contaminated 
concrete had been chipped away. A severe defect of this size can be 
detected with almost certainty by the sonic echo method. 
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Shaft Excavation Quiz 
 
 

1. What is perhaps the most important step in getting a good shaft? 
a. Casing the drilled shaft.  
b. Keeping all water out of the hole. 
c. Cleaning the hole (excess cuttings). 
d. Constructing a vertical rebar cage.  

 
2. The Dry shaft method shall only be approved when the shaft demonstrates that less 

than _____ inches of water accumulate above the base over a one hour period 
when no pumping is permitted. 

a. 4 
b. 6 
c. 8 
d. 12 

 
3. What constitutes the need for a wet shaft with respect to concrete placement? 

a. Caving Hole 
b. Excessive accumulated water 
c. Contractor preference 
d. A and B 
e. B and C 

 
4. In Wet shaft construction, which of the following is perhaps the most critical element 

in getting a good shaft? 
a. A clean hole prior to casing 
b. A clean hole prior to concreting 
c. The use of temporary casing 

 
5. The specified maximum sand content for polymer slurries at the base of the shaft 

just prior to concreting is ___? 
a. 1% 
b. 2% 
c. 3% 
d. 4%  

 
 
 

More Questions on back…
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6. Of the following slurries, for which must the Contractor submit a detailed report 

specific to the project? 
a. Polymer 
b. Water 
c. Blended 
d. Mineral 

 
7. What is the allowable horizontal tolerance for plan position for a  ≤ 6 ft diameter 

shaft? 
a. 3″ 
b. 4″ 
c. 5″ 
d. 6″ 

 
8. The maximum depth of sediment or debris permitted anywhere on the end bearing 

shaft bottom is ___? 
a. 1″ 
b. 2″ 
c. 3″ 
d. 4″  

 
9. Shaft cleanliness is important for…  

a. End-bearing shafts 
b. Side-friction shafts 
c. Both of the above 
d. None of the above  
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