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Specification for the Construction
of Drilled Piers
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This specification covers requirements for drilled pier construction. It
includes delivery, handling, and storage of the casing, excavation, soil test-
ing, placing of concrete and reinforcing steel, and inspection. Drilled piers
are sometimes called drilled shafts, caissons, or bored piles.
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FOREWORD
F1. This foreword is included for explanatory purposes

only. It does not form a part of Specification ACI 336.1.
F2. ACI Specification ACI 336.1 is a Reference Specifica-

tion to be used by incorporation in its entirety in the project
specifications. Individual sections, articles, or paragraphs
shall not be copied into the Project Specifications, because
taking them out of context may change their meanings. If
sections or parts of ACI Specification 336.1 are copied into
project specifications or any other document, they shall not
be referred to as ACI Specifications, because the specifica-
tion has been altered.

F3. A statement such as the following will serve to make
ACI Specification 336.1 a part of the Project Specifications:

Work on (Project Title) shall conform to all requirements
of ACI 336.1-00 published by the American Concrete Insti-
tute, Farmington Hills, Mich., except as modified by these
Contract Documents.

F4. Responsibilities for project participants must be de-
fined in the project specifications. ACI Specification 336.1
defines responsibilities solely for the Contractor and defines
specific conditions when the Contractor is to take direction
from the Owner’s Representative-Geotechnical Engineer.

F5. Each technical section of ACI Specification 336.1 is
written in the Three-Part Section Format of the Construction
Specifications Institute, as adapted for ACI requirements.
The language is imperative and terse.

F6. Checklists do not form a part of Reference
Specification ACI 336.1. Checklists are to assist the specifier
in properly choosing and specifying any necessary
requirements for the Project Specifications.
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SECTION 1—GENERAL REQUIREMENTS
1.1—Scope

1.1.1 This Reference Specification covers requirements for
drilled pier construction and applies to drilled piers of 30 in.
(750 mm) diameter and larger. The Contractor shall submit
proposed installation methods to the Owner’s Representa-
tive-Geotechnical Engineer. Methods compatible with the
design intent, as determined by the Owner’s Representative-
Geotechnical Engineer, will be accepted. Methods that are
not compatible with the design intent will be rejected.

1.1.2 The provisions of this Specification shall govern, un-
less otherwise specified in the Contract Documents. In case
of conflicting requirements, the Contract Documents shall
govern. Conflicting requirements shall be submitted to the
Owner’s Representative for resolution.

1.2—Definitions
The following definitions cover the meanings of certain

words and terms used in this Reference Specification.
Accept, accepted, acceptable, acceptability—Adequate

or satisfactory as determined by the Owner’s Representative
or Owner’s Representative-Geotechnical Engineer.

Anchorage embedment—Embedment of the anchorage
system, such as anchor bolts or threaded rods, used to fasten
structural components to the piers.

Bearing stratum—The soil or rock stratum that carries
the load transferred to it by a drilled pier.

Bell—An enlargement at the bottom of the pier for the
purpose of spreading the load over a larger area.

Casing—A permanent or temporary steel cylinder used to
resist earth and water pressures, to serve as a concrete form,
and to protect personnel.

Contract Documents—Documents, including the
Project Drawings and Project Specifications, covering the
required Work.

Contractor—The person, firm, or corporation with whom
the Owner enters into an agreement for construction of the
Work.

Controlled slurry—Slurry that is controlled to conform
to specified properties.

Cut-off—The top of a pier, a level surface at the elevation
shown on the Contract Drawings.

Drilled pier—A foundation element, with or without an
enlarged bearing area, extended downward by drilling
through earth materials, water, or both, to an acceptable de-
sign depth and filled with structural concrete.

Dry method—Method of pier installation in which con-
crete is placed in the dry and where casing may be used to
maintain sidewall stability.

End bearing—Where load is supported at the bottom of
the pier.

Inspection—Observation of construction, equipment, and
materials used therein, and actual subsurface conditions that,
along with related construction engineering decisions made
by the Owner’s Representative-Geotechnical Engineer, en-
ables the Owner’s Representative-Geotechnical Engineer to
render a professional opinion on expected foundation perfor-
mance and the Contractor’s conformance with the Contract
Documents.

Liner—A cylindrical form of pier design diameter having
the tensile strength to withstand internal concrete pressures
and not designed for external earth and water pressures; used
inside an oversized temporary casing to prevent possible
concrete contamination when temporary casing is removed.

Owner—Corporation, association, partnership, individu-
al, public body, or authority with whom the Contractor en-
ters into agreement and for whom the Work is provided. 

Owner’s Representative—Architect, Structural Engi-
neer, or Geotechnical Engineer authorized to act on behalf of
the Owner.

Owner’s Representative-Geotechnical Engineer—
Geotechnical engineer specifically authorized to carry out
the responsibilities defined in this Reference Specification.

Pig—Device inserted into a tremie or pump pipe to sepa-
rate the concrete from the pier excavation fluid inside the
pipe.

Probe hole—A 1.6 to 2.5 in. (40 to 63 mm) diameter hole
usually drilled by air percussion methods to a required depth
below the pier bottom. The geotechnical engineer feels the
probe hole wall by lowering and raising a hooked rod. The
size and amount of seams found enables the determination of
the soundness of the soil formation.

Project Drawings—The drawings that, along with
Project Specifications, complete the descriptive information
for constructing the Work required or referred to in the Con-
tract Documents.

Project Specifications—The written documents that
specify requirements for a project in accordance with the ser-
vice parameters and other specific criteria established by the
Owner.

Reference Specification—A specification that, by citing
in the Contract Documents, becomes a reference standard for
the Contractor to use in the construction of a project together
with other project requirements.

Side-resistance—Friction developed along the side of a
drilled pier that transmits vertical forces to the surrounding
soil or rock.

Slurry displacement method—Method of drilling, con-
creting, or drilling and concreting in which controlled slurry
consisting of water, with or without additives such as bento-
nite, attapulgite, or polymer, is used to stabilize the hole; the
slurry may be used to maintain the stability of the uncased
drilled pier hole to allow concrete placement when water
seepage into a drilled pier hole is too severe to permit con-
creting in the dry, or both.

Submitted—Given to the Owner’s Representative for
appropriate action.

Testing agency—Person, firm, or corporation retained to
perform required tests on the contract construction materials
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and to document conformance with the Contract Documents
and with the construction engineering decisions made by the
Owner’s Representative-Geotechnical Engineer.

Tremie method—Procedure for placing concrete under-
water or slurry using a watertight steel pipe or tube to place
concrete without washing out cement fines.

Work—The entire construction or separately identifiable
parts thereof that are required to be furnished under the Con-
tract Documents. Work is the result of performing services,
furnishing labor, and furnishing and incorporating materials
and equipment into the construction in accordance with the
Contract Documents.

1.3—Reference standards
1.3.1 General—Standards of ACI, ASTM, AWS, and API

referred to in this Reference Specification are listed with
their serial designation, including year of adoption or revi-
sion, and are part of this Reference Specification.

1.3.1.1 ACI standards
ACI 117-90 Standard Specifications for Toler-

ances for Concrete Construction and
Materials

ACI 301-99 Specifications for Structural Con-
crete

1.3.1.2 ASTM standards
A 36/A 36M-97a Specification for Carbon Structural

Steel
A 283/A 283M-97 Specification for Low and Interme-

diate Strength Carbon Steel Plates
A 615/A 615M-96a Specification for Deformed and

Plain Billet-Steel Bars for Concrete
Reinforcement

A 616/A 616M-96a Specification for Rail-Steel De-
formed and Plain Bars for Concrete
Reinforcement

A 617/A 617M-96a Specification for Axle-Steel De-
formed and Plain Bars for Concrete
Reinforcement

A 706/A 706M-96b Specification for Low-Alloy Steel
Deformed and Plain Bars for Con-
crete Reinforcement

A 929/A 929M-97 Specification for Steel Sheet, Metal-
lic Coated by the Hot-Dip Process
for Corrugated Steel Pipe

C 31/C 31M-00 Standard Practice for Making and
Curing Concrete Test Specimens in
the Field

C 39-96 Test Method for Compressive
Strength of Cylindrical Concrete
Specimens

C 94/C 94M-98c Specification for Ready-Mixed
Concrete

C 143/C 143M-98 Test Method for Slump of Hydraulic
Cement Concrete

C 150-98 Specification for Portland Cement

C 494-98a Specification for Chemical Admix-
tures for Concrete

C 1017/C 1017M-98 Specification for Chemical Admix-
tures for Use in Producing Flowing
Concrete

C 1064-86 Test Method for Temperature of
(Revised 1993)Freshly Mixed Port-
land Cement Concrete

D 4380-84 Test Method for Density of Bentonite
   (Revised 1993) Slurries
D 4381-84 Test Method for Sand Content by
   (Revised 1993) Volume of Bentonite Slurries
D 4972-95a Test Method for pH of Soils

1.3.1.3 API standards
RP13 B-1(1990) Standard Procedures for Field Test-

ing Water-Based Drilling Fluids

1.3.1.4 AWS standards
D1.1-96 Structural Welding Code—Steel
D1.4-92 Structural Welding Code—Reinforc-

ing Steel

1.4—Standards-producing organizations
Abbreviations for and complete names and addresses of

organizations issuing documents referred to in this Refer-
ence Specification are listed:

American Concrete Institute (ACI)
P.O. Box 9094
Farmington Hills, Mich. 48333-9094

American Petroleum Institute (API)
Production Department
211 N. Ervay, Suite 1700
Dallas, Tex. 75201

American Society for Testing and Materials (ASTM)
100 Barr Harbor Drive
West Conshohocken, Pa. 19428

American Welding Society (AWS)
550 NW LeJeune Road
Miami, Fla. 33126

1.5—Standard units
The values stated in inch-pound units are to be regarded as

the standard. SI units given in parenthesis are for informa-
tional purposes only.   

1.6—Project conditions
The Contractor shall perform the following items listed in

1.6.1 through 1.6.4.
1.6.1 Examination of site
Determine any constraints to the work presented by the ex-

isting surface conditions and report them to the Owner’s
Representative.

1.6.2 Subsurface data
Review the subsurface investigation results. Discover and

document any substantial difference between actual subsur-
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face conditions and those reported. Notify the Owner’s Rep-
resentative in writing within 48 hours of such discovery.

1.6.3 Existing underground utilities
Locate in the field all existing underground structures and

utilities. Determine if there are conflicts with the Work. Re-
port any conflicts to the Owner’s Representative. Cease
work in this area until the conflicts are resolved.

1.6.4 Preconstruction conferences
 Attend all preconstruction conferences required by the

Contract Documents.

1.7—Quality assurance
1.7.1 Owner’s Representative-Geotechnical Engineer
The Owner’s Representative-Geotechnical Engineer will

provide inspection of the drilled-pier construction. This
Specification provides that construction engineering deci-
sions will be made by the Owner’s Representative-Geotech-
nical Engineer during the course of the Work as unknown or
unforeseen conditions are encountered. At the completion of
the Work, the Owner’s Representative-Geotechnical Engi-
neer will determine the acceptability of the pier installation
within the terms and conditions of the Contract Documents
and his or her construction engineering decisions.

1.7.2 Contractor
The Contractor shall:
a. Provide site supervisor and drillers, each with a mini-

mum of 3 years of acceptable experience in installing similar
types of drilled piers. If an installation method is specified,
experience with this method is required;

b. Schedule and provide time and means for the Owner’s
Representative-Geotechnical Engineer to inspect each
drilled pier before concreting;

c. Provide the Testing Agency the means and opportunity
to take samples and make tests;

d. Submit a program to the Owner for quality control;
e. Submit a detailed description of field procedures for

pier construction, whether a wet or dry method is to be used,
including procedures for excavation, dewatering, slurry
type, and source and casing withdrawal, if applicable; and

f. Perform all excavation or concrete work in the presence
of the Owner’s Representative.

1.7.3 Testing Agency
1.7.3.1 The Testing Agency will perform required tests

on construction materials to check conformance with the
Contract Documents. Required tests on concrete include
slump and temperature on site in accordance with ASTM C
143/C 143M and ASTM C 1064, and compressive strength of
standard-cured cylinders prepared in accordance with ASTM
C 31/C 31M and tested in accordance with ASTM C 39.

1.7.3.2 The testing agency and its representatives are
not authorized to revoke, alter, relax, enlarge, or release the
requirements of the Contract Documents, nor to make any
construction engineering decisions during the course of the
Work, nor to accept any portion of the Work.

1.8—Submittals by the Contractor
1.8.1 Submit to the Owner’s Representative before start-

ing the Work:

1.8.1.1 Experience record of supervisory personnel and
drillers. (1.7.2.a)

1.8.1.2 List of equipment and equipment operating proce-
dures.

1.8.1.3 Shop drawings showing location and size of re-
inforcing steel. (3.4.4)

1.8.1.4 Proposed concrete materials and mixture propor-
tions conforming to the requirements of ACI 301. (2.4.1)

1.8.1.5 Detailed field procedures for pier construction,
including excavation, concreting, and casing withdrawal, if
applicable. (1.7.2.e)

1.8.1.6 If spoil, drilling fluid, or both are to be disposed of
off site, submit letters of approval from all governmental agen-
cies with jurisdiction over proposed disposal sites. (3.7.4.5)

1.8.1.7 Welding procedures for permanent casing. (2.2.2)
1.8.1.8 AWS welder certification for permanent casing.

(2.2.2)
1.8.1.9 Welding procedures for reinforcement. (2.3.1)
1.8.1.10 AWS welder certification for reinforcement. 
1.8.1.11 Quality-control program. (1.7.2.d)
1.8.1.12 Test report from the supplier giving the slurry

type and admixtures and the physical and chemical proper-
ties of the mixed slurry to the Owner’s Representative-Geo-
technical Engineer. (3.7.2.3)

1.8.1.13 Size, wall thickness, type of steel, and length of
permanent and temporary steel casing. (2.2.3)

1.8.1.14 Size, length, material, and strength of liner. (2.2.4)
1.8.1.15 Any splice requirements other than those in the

Contract Documents. (3.4.7)
1.8.2 Submit the following to the Owner’s Representative

during construction:
1.8.2.1 Notification to the Owner’s Representative-Geo-

technical Engineer in time to permit in-place inspection of
the completed excavation before placement of reinforcing
steel and before placing concrete. (3.5.4)

1.8.2.2 Reports of material quantities such as concrete,
reinforcement, and slurry. 

1.8.2.3 Certified mill test reports for reinforcing steel, in-
cluding bar markings. (2.3.1)

1.8.2.4 Reports of in-hole slurry tests during construc-
tion in accordance with Section 3.7. (3.7.2.3, 3.7.2.5,
3.7.6.2)

1.8.2.5 Concrete batch-plant tickets containing the infor-
mation required by ASTM C 94.

1.8.2.6 Reports of as-built location, alignment, eleva-
tions, and dimensions of drilled piers, specifically identify-
ing those piers that are not in accordance with the Contract
Documents.

1.8.2.7 Graphical plot of theoretical concrete volume and
actual measured volume versus depth or elevation for each
drilled pier constructed by the slurry displacement method.
(3.7.5.10)

SECTION 2—PRODUCTS
2.1—General

This Section covers requirements for materials and prod-
ucts in connection with construction of drilled piers.
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2.2—Steel casing and liner
2.2.1 Steel casing liner shall conform to the requirements of

ASTM A 283, Grade C; ASTM A 36; or ASTM A 929.
2.2.2 Full-penetration welds shall meet AWS D1.1 re-

quirements for joints in noncorrugated permanent casings
and be welded by AWS-certified welders. Welding proce-
dures and welder certifications shall be submitted to the
Owner’s Representative for acceptance.

2.2.3 Casing shall be of sufficient strength to withstand han-
dling stresses, drilling stresses, concrete pressures, and sur-
rounding earth and water pressures, to protect personnel as
required, and to permit advancement of the pier through caving
ground. Size and length of casing shall be submitted to the
Owner’s Representative-Geotechnical Engineer for acceptance.

2.2.4 Liner shall be of sufficient strength to withstand in-
ternal concrete pressures. Size, length, material type, and
strength of liner shall be submitted to the Owner’s Represen-
tative-Geotechnical Engineer for acceptance.

2.3—Reinforcing steel
2.3.1 Reinforcing steel shall conform to ASTM A 615,

A 616, A 617, or A 706. ASTM A 616 bars (rail steel) shall
meet the bend-test requirements of axle-steel reinforcing bars,
ASTM A 617, Grade 60, and the bar markings rolled into the
surface of the bars shall include the letter “R” to designate rail
steel. Bars to be welded shall conform to ASTM A 706. Shop
drawings and mill test reports on reinforcing steel shall be sub-
mitted. Welding procedures shall be submitted, if applicable.

2.3.2 Reinforcement shall be spliced in conformance with
the Contract Documents.

2.4—Concrete
2.4.1 Concrete and concrete work shall conform to ACI

301. Concrete materials and mixture proportion information
shall be submitted in accordance with ACI 301.

2.4.2 Concrete of the specified slump and strength shall be
provided and placed. Concrete for use in the slurry displace-
ment method (Section 3.7) shall have a maximum nominal
aggregate size of 3/4 in. (19 mm).

2.4.3 Concrete shall meet the slump requirements given in
Table 2.4.3 until placement is complete.

2.4.4 Water-reducing, set-retarding admixtures shall con-
form to ASTM C 494, Type D, to meet slump requirements
and to delay concrete setting.

2.4.5 High-range, water-reducing, and set-retarding admix-
tures shall conform to ASTM C 494, Type G or ASTM C
1017, Type II only with the acceptance of the Owner’s Rep-
resentative-Geotechnical Engineer.

2.4.6 Cement shall conform to ASTM C 150 Type I or
Type II.

2.4.7 Calcium chloride or any admixture containing chlo-
ride ions shall not be used.

2.5—Sand-cement grout
Sand-cement grout suitable to fill annular void outside per-

manent casing or permanent liner shall be provided and
placed in a manner acceptable to the Owner’s Representative-
Geotechnical Engineer. The mixture shall consist of a mini-

mum of 188 lb/yd3 (112 kg/m3) of Type II cement, an accept-
able sand, and shall have a water-cementitious materials ratio
(w/cm) less than 1.0.

2.6—Controlled slurry
2.6.1 Slurry shall consist of a stable colloidal suspension

of various pulverized clays or polymers thoroughly mixed
with water and having the properties given in Table 2.6 or as
accepted by the Owner’s Representative-Geotechnical
Engineer.

2.6.2 Water used to mix slurry shall be obtained from
sources accepted by the Owner’s Representative-Geotechnical
Engineer.

SECTION 3—EXECUTION
3.1—Tolerances

Tolerances shall be in accordance with ACI 117, except as
follows:

3.1.1 General
3.1.2 Location tolerance at cut-off shall be no greater than

1/24 of the specified shaft diameter or 3 in. (75 mm), which-
ever is greater. If the as-installed shaft is larger than specified,
the center of the shaft may be taken as the center of a circle
having the specified area that lies within the as-installed shaft.

3.1.3 Out-of-plumbness of piers shall not exceed 1.5%. If
the cross-sectional area of the as-installed shaft is larger than
specified at both cut-off and bottom, the out-of-plumbness
shall be measured by:

a. The center at cut-off shall be the center as permitted in
Section 3.1.2; and

b. The center at the bottom shall be determined in the same
manner as for the center at cut-off.

3.1.4 Bottom area
Provide bottom area not less than that shown on the

Project Drawings, or as unless otherwise acceptable to the
Owner’s Representative-Geotechnical Engineer.

3.1.5 Bottom slope
Excavate the bottom of the pier to a level plane within a

tolerance of 1 vertical to 12 horizontal, or as acceptable to
the Owner’s Representative-Geotechnical Engineer.

3.1.6 Pier shaft diameter
Provide pier shaft diameter shown on the Project Draw-

ings, or as accepted by the Owner’s Representative-Geotech-
nical Engineer. Maximum diameter shall be as accepted by
the Owner’s Representative.

3.1.7 Anchorage embedment tolerance
Limit the vertical and horizontal deviations of individual

anchorage components from the specified location to ±0.5
in. (15 mm).

Table 2.4.3—Concrete slump requirements during 
placement

Slump

Drill methodin. mm

4 to 6 100 to 150 Dry, uncased, or permanent 
casing

6 to 8 150 to 200 Temporary casing

7 to 9 180 to 230 Slurry displacement
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gas is found, ventilate with forced air until safe for entry, or
follow alternative procedures acceptable to the Owner’s
Representative. During hand belling or other operations ne-
cessitating entry into the shaft, provide gas-testing equip-
ment and a protective cage, or temporary casing of proper
diameter, length, and thickness, plus other safety equipment
called for by federal, state, and local laws for inspection and
testing of drilled piers and protection of workers.

3.2.5 Remove loose material and free water from bottom
of drilled piers, unless otherwise directed by the Owner’s
Representative-Geotechnical Engineer. If the bottom is slop-
ing rock, excavate to either a level plane (see 3.1.5) or step
the bottom with one step whose rise is less than 1/4 the diam-
eter of the bearing area.

3.2.6 Excavate rock sockets as specified by the Contract
Documents. Provide the socket roughness specified. Drill a
probe hole to a maximum depth of one pier diameter, unless
otherwise directed by the Owner’s Representative-Geotech-
nical Engineer.

3.2.7 Keep all excavated materials an acceptable distance
away from each open pier excavation.

3.3—Steel casing and liner
3.3.1 Delivery, handling, and storage of casing

3.3.1.1 Deliver casing to the site in an undamaged
condition.

3.3.1.2 Handle and protect casing to maintain diameter
within ±2% of the specified diameter.

3.3.2 Casing shall be continuously joined and have the
strength and rigidity needed to maintain the required excava-
tion dimensions against earth, drilling, and water pressures.
If an inner permanent liner is used to permit casing with-
drawal, it shall have the strength and rigidity to contain the
concrete during placement.

3.3.2.1. Provide steel casing for shaft excavation where
required. Make diameter of excavation such that the void
space outside any temporary casing is minimized.

3.3.2.2 Withdrawal of temporary casing is the Contrac-
tor’s option, provided the requirements in Section 3.6 are met.

3.4—Reinforcing steel
3.4.1 Reinforce drilled piers as specified in the Contract

Documents.
3.4.2 Place reinforcement for drilled piers, as shown on

the Contract Documents, after acceptance of the drilled pier
excavation.

3.4.3 Reinforcement shall be free of mud, oil, other sur-
face contamination, and excessive corrosion at time of con-
crete placement, in accordance with ACI 301.

3.4.4 The sizes and configuration of vertical reinforcing
and tie steel shall be as shown on the Project Drawings.
Maintain proper dimension and location of reinforcing steel
during concreting operations.

3.4.5. Straighten or repair bars with kinks or unspecified
bends in a manner acceptable to the Owner’s Representa-
tive that will not damage the bars and will maintain the re-
quired cover.

3.2—Dry method
3.2.1 Excavate drilled piers to dimensions and required ele-

vations shown on the Project Drawings. Clear all obstructions
encountered during excavation.

3.2.2 Maintain sidewall stability during drilling and ex-
tend excavation to the stratum specified by the Owner’s Rep-
resentative-Geotechnical Engineer.

3.2.3 The Owner’s Representative-Geotechnical Engineer
will determine actual final bearing levels during excavation
based on suitability of bearing stratum.

3.2.3.1 For end-bearing piers, explore bearing stratum
with a probe hole to a minimum depth equal to the diameter
of the bearing area below the bottom of each drilled pier, un-
less otherwise directed by the Owner’s Representative-Geo-
technical Engineer.

3.2.3.2 Provide a safe method for personnel access to in-
spect the bottom of the drilled pier. Alternatives to direct
downhole inspection shall be approved by the Owner’s Rep-
resentative-Geotechnical Engineer.

3.2.3.3 Excavate for drilled pier bells, if applicable, im-
mediately upon confirmation of the acceptability of the bear-
ing stratum by the Owner’s Representative-Geotechnical
Engineer.

3.2.3.4 Determine bell dimensions.
3.2.4 Check each drilled pier for toxic and explosive gas

before personnel enters and while personnel are in-hole. If

Table 2.6—Required slurry properties

Item to be measured
Range of results at 

68 F (20 C) Test methods

1. Density before concret-
ing lb/ft3 (kg/m3) for slurry 

1 ft (300 mm) from pier 
bottom

(Mud balance)
ASTM D 4380

a. Mineral slurries (bento-
nite/attapulgite)

1. No end bearing 85 max (1.4 × 103)

2. With end bearing 70 max (1.0 × 103)

b. Polymer slurry

1. No end bearing 64 max (1.0 × 103)

2. With end bearing 64 max (1.0 × 103)

2. Marsh funnel viscosity 
for entry, s/qt (s/L)

(Marsh funnel) API—
RP13B—Section 2a. Bentonite/attapulgite 26 to 50

b. Polymer slurry 40 to 90*

3. Sand content in slurry, 
immediately before con-
creting, 1 ft. (300 mm) 

from bottom, by volume,%

(Sand screen set) 
ASTM D 4381

a. Mineral slurries (bento-
nite/attapulgite)

1. With end bearing 4 max

2. No end bearing 20 max

b. Polymer slurry

1. With end bearing 1 max

2. No end bearing 1 max

4. pH during excavation 7 to 12 ASTM D 4972
*Or as recommended by manufacturer and accepted by the Owner’s Representative-
Geotechnical Engineer.
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3.4.6 Reinforcement cover shall be not less than 3 in.
(75 mm) where exposed to soil and not less than 4 in. (100
mm) in cased piers where the casing is to be withdrawn. Pro-
vide spacer rollers acceptable to the Owner’s Representative
to maintain cover.

3.4.7 Splice vertical reinforcing steel in accordance with
ACI 318 for compression or tension. Submit splice details.

3.4.8 Weld reinforcing bars in accordance with AWS
D1.4. Use AWS-certified welders.

3.4.9 The minimum clear distances between reinforce-
ment, including lapped bars, shall be 4 in. (100 mm) or four
times the maximum aggregate size, whichever is larger.

3.4.10 Place reinforcement before pier concreting begins,
unless otherwise directed by the Owner’s Representative-
Geotechnical Engineer.

3.4.11 Limit reinforcing-steel vertical movement during
casing withdrawal to 6 in. (150 mm).

3.5—Concrete
Concrete work shall conform to ACI 301.
3.5.1 Dewater drilled pier excavation before placing con-

crete. Dewater in a manner that will not create subsidence or
ground loss that might adversely affect the Work or existing
adjacent structures.

3.5.2 If water inflow or sidewall instability encountered
exceeds an amount acceptable to the Owner’s Representa-
tive-Geotechnical Engineer, use alternative means to reduce
inflow, such as extending casing, installing outside deep
wells, grouting, or other acceptable means.

3.5.3 If water seepage or sidewall instability is still consid-
ered excessive by the Owner’s Representative-Geotechnical
Engineer, follow the procedure specified in Section 3.7.

3.5.4 Place concrete as soon as practical after completion
of excavation and the bottom condition has been accepted.
Notify the Owner’s Representative-Geotechnical Engineer
of concrete placement at least 24 hours in advance.

3.5.5 Complete placement of concrete in uncased or belled
excavations during 1 work day.

3.5.6 Guide placement of free-fall concrete so as not to
hit the reinforcement, hole sides, or anchor bolt assem-
blies. Vibration of concrete free falling more than 20 ft is
not required.

3.5.7 Place concrete in pier in one continuous operation,
unless otherwise directed by the Owner’s Representative-
Geotechnical Engineer. Level, roughen, and clean the sur-
face of construction joints to the satisfaction of the Owner’s
Representative-Geotechnical Engineer before recommence-
ment of concrete placement. Provide reinforcing dowels or
shear key when directed by the Owner’s Representative-
Geotechnical Engineer.

3.5.8 Place concrete underwater in accordance with Sec-
tion 3.7.

3.5.9 Concrete tests
3.5.9.1 The Testing Agency will take and test a mini-

mum of one set of four concrete cylinders per drilled pier but
not more than one set per truckload for quality assurance.
The Testing Agency will perform a compression test on cyl-
inders at 28 days.

The Contractor shall cooperate with the testing agency in
the field testing and storage of test specimens, and shall per-
form testing for quality control or to supplement the testing
agency testing, or accept the furnished testing agency test-
ing. Submit batch plant tickets with mixture proportion in-
formation and provide open time and drum revolutions since
batching.

3.5.10 Cure and protect tops of piers to prevent moisture
loss and temperature extremes in accordance with ACI 301.

3.6—Casing withdrawal
3.6.1 Provide means and opportunity for the Owner’s Rep-

resentative-Geotechnical Engineer to inspect the operation
during the withdrawal of casing and placing of concrete.

3.6.2 Coordinate casing withdrawal with concrete place-
ment so that the concrete pressure head exceeds the antici-
pated outside soil and water pressure above the bottom of the
casing at all times during casing withdrawal.

3.6.3 Do not withdraw casing after concrete has attained
initial set as determined by Owner’s Representative. Where
casing is withdrawn, provide concrete with a minimum
slump of 6 to 8 in. (150 to 200 mm) (see Table 2.4.3) and
with a retarder to ensure minimum slump requirement is
maintained during casing withdrawal. Check the concrete
level before, during, and after withdrawing casing to confirm
that separation of shaft concrete has not occurred. Do not vi-
brate concrete internally before the casing is withdrawn. A
casing vibratory extractor is permitted. 

3.6.4 Vibrate top 5 ft (1.5 m) of concrete after temporary
casing has been withdrawn or when casing is permanent and
concrete slump is less than 6 in. (150 mm).

3.6.5 Fill void space between permanent casing and shaft
excavation or between permanent liner and temporary casing
with an accepted fluid grout or other accepted material.

3.7—Slurry displacement method
3.7.1 General
This Section covers the special requirements for the slurry

displacement method of installation. Materials and execu-
tion related to steel casing, reinforcing steel, and concrete
shall be in accordance with Sections 3.3, 3.4, and 3.5, respec-
tively, except as noted. The installation and slurry materials
shall be in accordance with this Section.

3.7.2 Installation procedure
3.7.2.1 Use slurry, unless the water, in combination with

colloidal fines from soil being excavated, stabilizes the hole
and is acceptable to the Owner’s Representative-Geotechni-
cal Engineer.

3.7.2.2 Obtain slurry from sources acceptable to the
Owner’s Representative-Geotechnical Engineer. Mix, store,
and transport slurry using equipment made for these purpos-
es.

3.7.2.3 Submit plans and test results for any physical or
chemical treatment of the water or slurry necessary to meet
the requirements of Table 2.6 that are acceptable to the Own-
er’s Representative-Geotechnical Engineer.

3.7.2.4 Set temporary surface casing to contain the slurry,
unless otherwise specified by the Owner’s Representative.
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