Section 814

Drilled Shaft Foundations
814.01

DESCRIPTION.  This work consists of furnishing and constructing foundations of reinforced concrete shafts in drilled excavations in accordance with the plans and these specifications or as directed.

814.02

MATERIALS.  Materials shall comply with the following Sections and Subsections.  Concrete shall be Class S with water reducing and set retarding admixtures.



Portland Cement Concrete



901



Granular Material





1003.07



Reinforcing Steel





1009



Admixtures






1011.02

814.03

SUBMITTAL REQUIREMENTS.  The contractor shall submit the drilled shaft contractor qualifications and the Drilled Shaft Installation plan for approval by the DOTD Chief Construction Engineer.  The contractor's (drilled shaft contractor) qualifications shall meet or exceed the experience requirements described in Subsection 814.04.  The proposed drilled shaft equipment and the drilled shaft installation method shall be such that drilled shafts shall be excavated through whatever materials are encountered, to the dimensions and elevations shown in the plans or otherwise required by the specifications and special provisions.  In no case shall the drilling equipment be transported to the project site until approval is received in writing.  Approval by the engineer of the contractor qualifications and installation plan will not relieve the contractor of responsibility to satisfactorily install shafts.


(a)

Contractor Qualifications:  The contractor shall submit the drilled shaft contractor's qualifications, as specified herein, prior to or in conjunction with, the Drilled Shaft Installation Plan submittal.  Within 20 calendar days after receipt of the contractor's qualification submittal, the engineer shall approve or reject the drilled shaft contractor's qualifications.  The contractor shall resubmit any changes in the drilled shaft contractor's qualifications for approval.


(b)

Drilled Shaft Installation Plan:  The contractor shall submit the Drilled Shaft Installation Plan no later than 30 calendar days prior to commencing the drilled shaft construction.  Within 20 calendar days after receipt of the drilled shaft installation plan the engineer will notify the contractor of any additional information required and/or changes that may be necessary to meet the plans, specifications and special provisions requirements.  Any parts of the contractor's Drilled Shaft Installation Plan that are unacceptable shall be rejected and the contractor shall resubmit changes agreed upon for reevaluation.  The engineer will notify the contractor within 10 calendar days after receipt of proposed changes to the Drilled Shaft Installation Plan of their acceptance or rejection.  The contractor shall use the approved drilled shaft construction method during drilling operations. The contractor shall make any required changes that may result from unsatisfactory field performance.  No changes in the drilling method may be made after final approval without the written approval of the DOTD Chief Construction Engineer.

814.04

EXPERIENCE REQUIREMENTS.  The contractor shall have a minimum of three years experience in constructing drilled shaft foundations within the past five years and shall submit descriptions of that experience.  The descriptions of the drilled shaft projects shall contain names and telephone numbers of owners' representatives who can verify the contractor's participation on those projects.


The contractor's on‑site drilled shaft superintendent(s) shall each have a minimum of two years experience in the construction of drilled shaft foundations and the drill operators shall have a minimum of one year experience.  The contractor shall submit the name and experience records of the drill operator(s) and drilled shaft superintendent(s) in charge of the drilled shaft construction operations.

814.05

DRILLED SHAFT INSTALLATION PLAN.  The engineer will evaluate the drilled shaft installation plan for conformance with the plans, specifications, and special provisions.  The drilled shaft installation plan shall provide detailed drilled shaft installation information including the following:


1.
List of proposed equipment to be used including cranes, drills, augers, bailing buckets, final cleaning equipment, desanding equipment, concrete coring equipment, soil sampling equipment, slurry pumps, tremie, concrete pumps, casing, etc.


2.
Details of the safety plan developed for this project.


3.
Details of the overall construction operation sequence and the proposed sequence of shaft construction.


4.
Details of planned shaft excavation methods and final shaft dimensions.


5.
Details of proposed excavation and concrete placement contingency plans including a list of equipment or materials required.


6.
Details of the slurry type, mixing method, sampling and testing method, circulating and desanding method, and disposal method, when the slurry method of construction is to be used. 


7.
Details of equipment and proposed methods to clean the drilled shaft excavation.


8.
Details of reinforcement placement including support and centering methods.


9.
Details of concrete placement methods, curing, and protection.  Details shall include concrete placement operational procedures for free fall, tremie, or pumping as appropriate.


10.
Details of Crosshole Sonic Logging testing including proposed testing schedule, when required.


11.
Other information shown in the plans or special provisions.

814.06

PROTECTION OF EXISTING STRUCTURES AND UTILITIES.  The contractor shall control his operations to prevent damage to existing structures and utilities.  Preventative measures shall include, but are not limited to, selecting construction methods and procedures that will prevent caving of the drilled shaft excavation, and controlling the vibrations from construction activities.

814.07

SAFETY REQUIREMENTS.  The contractor shall take whatever measures are necessary to insure the safety of all persons including the general public in accordance with Section 107.  The following safety topics are presented as representative of issues that the contractor must address.  This list is not intended to be all‑inclusive and does not relieve the contractor of conforming to other regulations, laws, requirements, or other measures reasonably required for safe excavating operations.


(a)

Excavation Equipment:  Any required equipment within an excavation shall be operated by air or electricity.  The use of gasoline‑driven engines or diesel engines within an excavation shall not be permitted.


(b)

Lighting:  All lighting shall be electric and precautions shall be taken to prevent potential short circuits of electric current within ground water.


(c)

Explosive or Noxious Gases:  The contractor shall take precautions to assure that no explosive or noxious gases are present.  Fresh air shall be supplied into the excavation whenever any personnel are present in the excavation.


(d)

Excavation Entry:  A safety harness or chair lift, with separate safety line, and two‑way radio communication shall be used for any entry into the excavation.


(e)

Open Excavations:  No open excavations shall be left unattended.  During non‑working hours, excavations shall be protected by the use of solid, safe covers that are firmly fastened in place.


(f)

Completed Drilled Shafts:  When the elevation at the top of the completed drilled shafts is below the ground elevation, and steel reinforcement remains exposed, the contractor shall seal the opening at the ground surface to prevent injury.

814.08

EXCAVATION METHODS.  The contractor's methods and equipment shall be suitable to perform the excavations required for the shafts.  The contractor shall provide equipment capable of constructing shafts to a depth equal to the deepest shaft shown in the plans plus 16 feet (5 m).


Drilled shafts shall generally be constructed by the dry method, wet method, temporary casing method, or permanent casing method as necessary to produce sound, durable concrete foundation shafts free of defects.  The permanent casing method shall be used only when required by the plans or authorized by the engineer.  When the plans describe a particular method of construction, this method shall be used except when otherwise permitted by the engineer.  When the plans do not describe a particular method, the contractor shall propose a method on the basis of its suitability to the site conditions and submit it for approval with his drilled shaft installation plan submittal.


The contractor shall set a suitable temporary surface casing.  The minimum surface casing length shall be the length required to prevent caving of the surface soils and to aid in maintaining shaft position and alignment.  Predrilling with slurry and/or overreaming to the outside diameter of the casing may be required to install the surface casing at some sites.  Temporary surface casings will not be required if the contractor demonstrates to the satisfaction of the engineer that the surface casing is not required.


The bridge end embankments shall be completed prior to excavating drilled shafts for the end bents.


Blasting may be used only with written permission in accordance with Subsection 107.11 and shall be so controlled as to avoid disturbance of the formations below or outside the drilled shaft being excavated.


(a)

Dry Construction Method:  The dry construction method shall be used only at sites where the ground water table and soil conditions make it feasible to construct the shaft.


The dry construction method consists of drilling the shaft excavation, removing accumulated seepage water and loose material from the excavation, and placing the shaft concrete in a relatively dry excavation.


The dry construction method shall be used only when shaft excavations, as demonstrated in a test hole or test drilled shaft, have 12 inches (300 mm) or less of seepage water accumulated over a four hour period, the sides and bottom remain stable without detrimental caving, sloughing, or swelling for a four hour period, and the loose material and water can be satisfactorily removed prior to inspection and prior to placing concrete.


(b)

Wet Construction Method:  The wet construction method consists of drilling the shaft excavation below the water table, keeping the shaft filled with a slurry, desanding and cleaning the slurry, and cleaning the final excavation by means of a clean out bucket, air lift, submersible pump or other approved device.  The shaft concrete shall be placed with a tremie or concrete pump beginning at the shaft bottom to displace the slurry as the shaft excavation is concreted.


Where drilled shafts are located in open water, the shafts shall be constructed by the wet method using exterior casings extending from above the water elevation into the ground to protect the shaft concrete from water action during placement and curing of the concrete.  The exterior casing shall be installed in a manner that will produce a positive seal at the bottom of the casing so there is no intrusion or extrusion of slurry, water or other materials into or out of the shaft excavation.


(c)

Temporary Casing Construction Method:  The temporary casing method consists of advancing the hole through caving material by the wet method described above.  When a cohesive soil formation is reached, a casing shall be placed in the hole and sealed to prevent seepage.  Drilling may proceed as with the dry method to the projected depth.  Temporary casings shall extend sufficiently above the grade of the finished drilled shaft to provide for excess concrete to be placed for the anticipated subsidence of concrete due to casing removal.  The placement of the concrete shall proceed as with the dry method except that the casing shall be withdrawn when the concrete is placed.  In the event that, seepage conditions prevent the use of the dry method, excavation shall be completed using wet methods.


Where drilling is through materials having a tendency to cave, the drilling shall be advanced by drilling in a slurry.  In the event that a caving layer or layers are encountered that cannot be controlled by slurry, the contractor shall install temporary casing through such caving layer or layers.  Overreaming to the outside diameter of the casing may be required.  The contractor shall take whatever steps are required to prevent caving during shaft excavation including installation of deeper casings.  If the contractor elects to remove a casing and replace it with a longer casing through caving soils, he shall adequately stabilize the excavation with slurry or backfill the excavation.  Soil previously excavated or soil from the site may be used if the excavation is backfilled.


Before the casing is withdrawn, the level of fresh concrete shall be such that the fluid trapped behind the casing is displaced upward.  As the casing is withdrawn, care shall be exercised to maintain the level of concrete within the casing so that fluid trapped behind the casing is displaced upward out of the shaft excavation without mixing with or displacing the shaft concrete.


The casing method may be used, when approved by the engineer, to construct drilled shafts through weak caving soils that do not contribute significant shaft shear resistance.  In this case, a temporary casing is placed through the weak caving soils before excavation begins.  Excavation is conducted using the dry or wet construction method as appropriate.  The temporary casing shall be removed during the concreting operations unless approved otherwise by the engineer.


(d)

Permanent Casing Construction Method:  The permanent casing method shall be used when required in the plans.  In this method, a casing is placed to the prescribed depth before excavation begins.  If full penetration cannot be attained, the engineer may direct the excavation through the casing and the casing advanced again until reaching the desired penetration.  In some cases, overreaming to the outside diameter of the casing may be required before placing the casing.


The casing is cut off at the prescribed elevation upon reaching the proper construction sequence and the remainder of the casing is left in place.

814.09

EXCAVATION PROCEDURES AND CONDITIONS.

(a)

Soil Sampling:  The plans generally indicate the expected depths, the top of the shaft elevations, and the estimated bottom of shaft elevations between which the drilled shaft shall be constructed as a minimum.  Drilled shaft excavations may be extended deeper when the engineer determines that the material encountered while drilling the shaft excavation is unsuitable and/or is not the same as the material anticipated in the design of the drilled shaft.


The contractor shall take soil samples, when shown in the plans or directed by the engineer, to determine the character of the material directly below the drilled shaft excavation.  The soil sampling method shall be capable of obtaining representative material samples encountered at the bottom of the drilled shaft excavation.  Sampling tools such as core barrels, split spoon sampler, or undisturbed sample tubes and sampling procedures shall be approved by the engineer.  The soil samples shall be taken to a maximum depth of 5 feet (1.5 m) below the bottom of the drilled shaft excavation.  The engineer will inspect the samples and determine the depth of required excavation.  The contractor shall supply these tests at no additional cost to the Department.


(b)

Excavation Log:  The contractor shall maintain a drilling log during shaft excavation and during sampling operations.  The log shall contain information such as the description of and approximate top and bottom elevations of each stratum encountered, depth of penetration, drilling time in each of the various strata, material description, and remarks.  Two copies of the drilling log, signed by a designated representative of the contractor, shall be furnished to the engineer. 


(c)

Excavated Material:  Excavated materials which are removed during drilled shaft construction and are not used elsewhere on the project shall be disposed of by the contractor in accordance with Subsection 202.02. 


(d)

Excavation Contingencies:  The contractor shall have readily available all equipment and materials necessary for mitigating situations that may occur during drilled shaft excavation, such as caving or sloughing of the excavation sides, slurry problems, such as loss of slurry through permeable media, excessive seepage, unsuitable bearing material, etc.  Contingency solutions may consist of a change in excavation method, slurry additives, sampling tools, etc.  Contingency methods shall be submitted with the installation plan for approval.


(e)

Overreaming:  When excavation time limits described in Subsection 814.13(d) are exceeded, sidewall overreaming shall be required when the sidewall of the hole is determined to have either softened due to excavation methods, swollen due to delays in concreting, or degraded because of slurry cake buildup.  Depending on the condition of the sidewall, the drilled shaft diameter shall be overreamed by increasing the diameter of the drilled shaft between 1 to 6 inches (25 to 150 mm).  The extent of sidewall overreaming shall be as directed by the engineer.  Overreaming may be accomplished with a grooving tool, overreaming bucket or other approved equipment.  The contractor shall bear all costs associated with both sidewall overreaming and additional shaft concrete placement.


(f)

Adjacent Drilled Shaft Construction:  Adjacent shafts within 4 shaft diameters (center to center) shall not be excavated or casings placed until 48 hours have elapsed from the completion of the pour of the previous drilled shaft.  Production drilled shaft construction may continue on other shafts.


(g)

Lost Tools:  Drilling tools that are lost in the excavation shall be promptly removed by the contractor.

814.10

PERMANENT CASING.  Permanent casing type, size, and length, shall be as specified in the plans.


(a)

Casing Placement:  The casing shall be continuous between top and bottom elevations prescribed in the plans.  After installation is complete, the permanent casing shall be cut off at the prescribed elevation and the shaft completed by installing necessary reinforcing steel and concrete in the casing.


(b)

Casing Coating:  When casing coating is specified in the plans or required by the engineer, the exterior surfaces of permanent casings shall be painted with a cold tar epoxy‑polyamide paint as described in the plans and in accordance with Section 811.  The exterior surfaces shall be coated prior to the installation of the casings.  After the installation of the casings, all damage to the coated surfaces of the casing exposed to the air shall be repaired by a reapplication of the coating system.

814.11

TEMPORARY CASING.  Temporary casings shall be made of steel of ample strength to withstand handling and driving stresses, and the pressure of concrete and of the surrounding earth.  The casing shall be smooth, watertight, and clean and free of accumulations of hardened concrete.  The outside diameter of casings shall not be less than the specified shaft size.  No extra compensation will be allowed for concrete required to fill an oversized casing or excavation.


(a)

Casing Removal:  Temporary casing removal may occur gradually as concrete is placed.  Movement of the casing by rotating, exerting downward pressure and tapping it to facilitate extraction, or extraction with a vibratory hammer, will be permitted.  Casing extraction shall be at a slow, uniform rate with the pull in line with the axis of the shaft.  Temporary casings shall be removed while the concrete remains workable.  When conditions warrant, the casing may be pulled in partial stages.  A sufficient head of concrete shall be maintained above the bottom of the casing to overcome the hydrostatic pressure of water outside the casing.  At all times the elevation of the concrete in the casing shall be maintained high enough to displace the drilling slurry between the outside of the casing and the edge of the hole as the casing is removed.  Casings that, in the opinion of the engineer, will not adversely affect the shaft capacity may be left in place when approved by the engineer.


(b)

Bound and Fouled Casings:  Shafts constructed with temporary casings that become bound or fouled during shaft construction and cannot be practically removed, shall be considered defective. The contractor shall be responsible for correcting the defective shaft, with modifications required to compensate for loss of frictional capacity in the cased zone.


If upward movement of the concrete and/or reinforcing steel occurs at any time during the pulling operation, the following criteria shall govern:



1.
If the upward movement is 1 inch (25 mm) or less, the casing may continue to be pulled provided no further movement occurs.  If directed by the engineer, the concrete shall be vibrated or rodded in the upper 5 feet (1.5 m), to reconsolidate the concrete after the casing is withdrawn.  Vibration or rodding shall not be used to attempt to break the casing loose for extraction.



2.
If the upward movement is greater than 1 inch (25 mm), the drilled shaft shall be considered defective and the contractor shall be responsible for correcting the defective drilled shaft.  Subject to the approval of the engineer, one of the following corrective options may be used.





a.
The casing may be left in place as a permanent sleeve and the concrete vibrated or rodded to reconsolidate the concrete.  The contractor shall obtain concrete core samples and/or conduct approved nondestructive testing.  If the concrete core sampling or nondestructive testing are not conclusive, the engineer may require the contractor to perform a load test or other tests to determine the adequacy and acceptability of the drilled shaft.  The contractor shall be responsible for modifications required to compensate for loss of frictional capacity in the cased zone when the temporary casing is abandoned in the shaft.  All such modifications including leaving the casing in place, and all testing shall be at no additional cost to the Department.





b.
All drilled shaft materials shall be removed and the shaft redrilled.


(c)

Removable Casings:  Use of removable casings or special casing systems shall be subject to written approval from the engineer.  These casings shall be removed in a manner that will not damage the exposed drilled shaft concrete after hardening.  These casings can be removed when the concrete has attained sufficient strength provided the following criteria are met.



1.
Curing of the concrete is continued for the full curing period in accordance with the specifications.



2.
Shaft concrete is not exposed to salt water or moving water for seven days or until reaching a compressive strength of at least 2500 psi (17.3 MPa).

814.12

SLURRY.  When slurry is employed in the drilling process as in the wet construction method, mineral slurry or polymer slurry may be used in accordance with these specifications.


All equipment in contact with the water or slurry during mixing or transporting to the excavation, such as mixing tanks, pumps, and water lines, shall be free of fresh concrete residue.


(a)

Polymer Slurry:


(1)

Approval Process:  Polymer slurries and additives may be used when approved in writing by the DOTD Chief Construction Engineer.  The request for approval of a polymer slurry shall be included with the drilled shaft installation plan.  The following information shall be furnished with the submittal:





a.
The manufacturer's specifications for polymer slurry and any additives.





b.
Recommended instructions for proper slurry mixing





c.
A list of construction projects, within the past three years, where the proposed slurry has been used to construct drilled shafts in comparable site conditions as those anticipated for the required drilled shafts.  The project list shall contain names and telephone numbers of owner's representatives who can verify the field performance of the proposed polymer slurry.


As a prerequisite to final approval of the polymer slurry, the Department may require construction of a test hole in accordance to Subsection 814.21 to evaluate the slurry's performance during drilled shaft construction.  A manufacturer's representative shall be present during construction of the test hole or test drilled shaft to instruct DOTD and the contractor's personnel in the proper testing and construction techniques for the proposed polymer slurry.



(2)

Polymer Slurry Requirements:  The approved polymer slurry shall have sufficient viscosity to stabilize the shaft excavation and sufficient positive pressure head to inhibit the influx of ground water into the excavated hole. The material used to make the slurry shall not be detrimental to concrete or surrounding ground strata.  Control testing using suitable apparatus shall be carried out on the polymer slurry mixture by the contractor to determine the density, viscosity, and pH.  Tests shall be performed when the slurry temperature is above 40°F (5°C).  Acceptable values for these physical properties are shown in Table 814-1.

Table 814-1

Polymer Slurry Specifications

	Property

(Units)
	At Time of Slurry

Introduction 
	In Hole at Time of Concreting
	Test Method

	Density


	62.1 - 63.5 pcf

(995 - 1018 kg/m3)

(fresh water)
	62.4 - 63.5 pcf

(1000 - 1018 kg/m3)

(fresh water)
	Mud Balance

(API 13B‑Sec 1)

	Viscosity

(minimum)
	45 seconds
	45 seconds
	Marsh Funnel

(API 13B‑Sec 2)

	pH
	8 – 10
	8 – 10
	pH Paper

pH Meter

(API 13B-Sec 6)

	Max. Sand Content

(% by Volume)
	1 
	1
	Sand Screen Set

(API 13B‑ Sec 4)



The limits shown in Table 814-1 may be adjusted when field conditions warrant as demonstrated by a test hole, test drilled shaft, or other methods approved by the engineer.



(3)

Polymer Slurry Mixing:  The polymer slurry shall be mixed thoroughly with clean fresh water in accordance with the manufacturer's recommendations.  Water hardness shall be tested prior to mixing to insure it meets the manufacturer's recommendations.  The contractor shall take all steps necessary to prevent the slurry from losing the required viscosity.


(b)

Mineral Slurries:


(1)

Mineral Slurry Requirements:  Mineral slurry shall consist of processed attapulgite or bentonite clays.  The slurry shall have a mineral grain size such that it will remain in suspension and shall have sufficient viscosity and gel characteristics to transport excavated material to a suitable screening system.  The percentage and specific gravity of the material used to make the suspension shall be sufficient to maintain the stability of the excavation and to allow proper placement of concrete.  The material used to make the slurry shall not be detrimental to concrete or surrounding ground strata.


The contractor shall take the steps necessary to prevent the slurry from "setting up" in the shaft excavation, including but not limited to, agitation, circulation and/or adjusting the composition and properties of the slurry.


Control testing using suitable apparatus shall be carried out on the mineral slurry mixture by the contractor to determine density, viscosity, and pH.  Tests shall be performed when the slurry temperature is above 40°F (5°C).  Acceptable values for these physical properties are shown in Table 814-2.

Table 814-2

Mineral Slurry Specifications

	Property

(Units)
	At Time of Slurry

Introduction 
	In Hole at Time of Concreting
	Test Method

	Density


	64.3 - 69.1 pcf

(1030 - 1107 kg/m3)

(fresh water)
	64.3 - 75.0 pcf

(1030 - 1202 kg/m3)
(fresh water)
	Mud Balance

(API 13B‑ Sec 1)

	Viscosity


	28 - 45 seconds
	28 - 45 seconds
	Marsh Funnel

(API 13B‑ Sec 2)

	pH
	8 – 11
	8 - 11
	pH Paper

pH Meter

(API 13B-Sec 6)

	Max. Sand Content

(% by Volume)
	4
	4
	Sand Screen Set

(API 13B‑ Sec 4)



The limits in Table 814-2 may be adjusted when field conditions warrant as demonstrated by a test hole, test drilled shaft, or other methods approved by the engineer.



(2)

Mixing and Storage:  The mineral slurry shall be premixed thoroughly with clean fresh water prior to introduction into the shaft excavation.  When bentonite slurry is used, it should be held in storage for a period of time to allow complete hydration.  The percentage of mineral admixture used to make the suspension shall be adequate to maintain the stability of the shaft excavation.  Adequate water and/or slurry tanks are required when necessary to perform the work in accordance with these specifications.  No excavated pits will be allowed without the written permission of the engineer.  No mixing of slurry will be allowed in the drilled shaft excavation.  Slurry shall not stand for more than four hours in the excavation without agitation.  If this is not possible, the drilled shaft excavation shall be overreamed to remove filter cake.



(3)

Desanding:  Desanding equipment shall be provided by the contractor as necessary to control slurry sand content unless otherwise directed in the plans or special provisions.  Desanding equipment will not be required for construction of drilled shafts for sign post or lighting mast foundations unless shown in the plans or special provisions.


(c)

Slurry Testing Frequency:  Density, viscosity, and pH testing shall be performed initially until a consistent working pattern has been established, taking into account the mixing process, and blending of freshly mixed slurry and previously used slurry.  Density, viscosity, and pH value testing shall be performed a minimum of four times during the first eight hours the slurry is in use.


Prior to placing concrete in any shaft excavation, the contractor shall ensure that heavily contaminated suspensions, which could impair the free flow of concrete from the tremie pipe, have not accumulated in the bottom of the shaft.  Samples of the slurry in the shaft shall be taken from the base of the shaft and at intervals not exceeding 10 feet (3 m) up the shaft, using an approved sampling tool, until two consecutive samples produce acceptable values in accordance with slurry specifications for polymer and mineral slurries.


(d)

Unacceptable Slurry Test Results:  When any slurry samples are tested and found to be unacceptable, the contractor shall take whatever action is necessary to bring the slurry within specification requirements.  Concrete shall not be poured until resampling and testing results produce acceptable values.


(e)

Slurry Test Reports:  Reports of all slurry tests required above, signed by an authorized representative of the contractor, shall be furnished to the engineer upon completion of each drilled shaft.


(f)

Slurry Disposal:  Disposal of all waste slurry shall be off‑site in suitable areas provided by the contractor in accordance with local, state, and federal laws.


(g)

Required Fluid Level:  During construction, the slurry shall be maintained within the excavation at a level not less than 5 feet (1.5 m) above the highest expected piezometric water head within the shaft excavation.  The slurry level may be higher if caving or sloughing soils are present above this level.


(h)

Slurry Performance:  If the slurry fails to stabilize the excavation, or if a sudden significant loss of slurry occurs such that the slurry level cannot practically be maintained by adding slurry to the hole, the construction of that foundation shall be continued by the approved contingency method.  Construction of new drilled shafts shall be discontinued until the contractor modifies or replaces the existing drilled shaft construction method and obtains written approval from the engineer.

814.13

EXCAVATION INSPECTION AND REQUIREMENTS.

(a)

Dimensions and Alignment:  The contractor shall provide equipment for checking the dimensions and alignment of each permanent shaft excavation.  The dimensions and alignment of the shaft excavation shall be determined by the contractor under the observation and direction of the engineer.  The alignment and dimensions shall be checked by any of the following methods:



1.
Check the dimensions and alignment of dry shaft excavations using reference stakes and a plumb bob.



2.
Check the dimensions and alignment of casing when inserted in the excavation.



3.
Insert a casing in the shaft excavations temporarily for alignment and dimension checks.



4.
Other methods provided by the contractor and approved by the engineer.


Any casing, rod, or other device used to check dimensions and alignment shall be inserted by the contractor into the excavation to full depth.


(b)

Depth:  The depth of the shaft during drilling shall generally be referenced to appropriate marks on the Kelly bar or by other suitable methods.  Final shaft depths shall be measured with a suitable weighted tape or other approved method.


(c)

Drilled Shaft Cleanliness Requirements:  The contractor's cleaning operation shall be adjusted so that no more than 1/2 inch (15 mm) of loose or disturbed material shall be present at the bottom of the shaft just prior to placing concrete for end bearing drilled shafts. No more than 2 inch (50 mm) of loose or disturbed material shall be present for side friction shafts.  End bearing shafts shall be assumed unless otherwise noted in the plans, or directed by the engineer.


Drilled shaft bottom cleanliness will be determined by visual inspection for dry shafts or other methods deemed appropriate by the engineer for wet drilled shafts.  The bottom of the drilled shaft excavation shall be cleaned, regardless of the method of load distribution, with a cleanout bucket or other appropriate tool. When a cleanout bucket is used, it shall be equipped with a one‑way flap gate that prevents spoil in the bucket from re‑entering the drilled shaft excavation.  End bearing drilled shafts, drilled by the wet construction method, shall require a final bottom cleaning prior to concrete placement with an air‑lift or submersible pump. 


In addition, for dry excavations the maximum depth of water covering the bottom of the excavation shall not exceed 3 inches (75 mm) prior to concrete placement.


(d)

Time of Excavation:  No drilled shaft excavation work shall be open for more than 36 hours prior to placing concrete.  The excavation time shall start at the beginning of excavation for all construction methods except the permanent casing method, which starts at the time the excavation begins below the permanent casing.  If slurry is used, the contractor shall adjust his excavation operations so that the maximum time slurry is in contact with the bottom 5 feet (1.5 m) of the drilled shaft excavation does not exceed 12 hours from drilling to concreting.  If these time limits are exceeded, the drilled shaft excavation may require overreaming of the sidewalls and/or overdrilling the excavation prior to performing other operations in the shaft.  Costs associated with exceeding these time limits shall be at the contractor's expense.

814.14

REINFORCING STEEL CONSTRUCTION AND PLACEMENT.

(a)

Cage Construction and Placement:  Fabrication and placement of reinforcing steel shall conform to Section 806.  The contractor shall order and fabricate the steel reinforcing cage after the final drilled shafts depths have been specified.  The steel reinforcing cage, consisting of longitudinal and transverse bars, ties, and cage stiffener bars, shall be completely assembled and placed as a unit immediately after the shaft excavation is inspected and accepted, and prior to concrete placement.  The reinforcing cage shall be rigidly braced to retain its configuration during handling and construction.  If Crosshole Sonic Logging testing is required, the steel cage shall have attached to it the access tubes as described in Subsection 814.19.


(b)

Cage Extension:  If the drilled shaft bottom is extended to an elevation lower than the plan bottom elevation, the reinforcing cage length shall also be extended by the same amount. The reinforcing cage may be extended at the plan bottom elevation by using a lap splice or a mechanical butt splice device to attach additional longitudinal reinforcement in accordance with Section 806.  Welding to extend the reinforcing steel shall not be permitted.  Tie bars shall be continued for the extra depth, at the same spacing, and the stiffener bars shall be extended to the final depth.


(c)

Support, Alignment and Tolerance:  The reinforcement steel in the drilled shaft shall be carefully positioned and securely fastened and supported so that the reinforcing steel remains within the allowable tolerances given in Subsection 814.17(c). 


(d)

Spacers:  Concrete wheels or other non‑corrosive rolling spacing devices, approved by the engineer, shall be placed at the top and bottom of the steel reinforcement cage and at sufficient intervals along the shaft to insure concentric spacing for the entire length of the steel reinforcement cage.  Block type spacers will not be allowed.  For longitudinal reinforcement less than 1 inch (25 mm) diameter, spacing devices shall be placed at intervals not exceeding 5 feet (1.5 m) along the shaft.  For longitudinal reinforcement, 1 inch (25 mm) diameter or larger, spacing devices shall be placed at intervals not exceeding 10 feet (3 m) along the shaft.  A minimum of one spacer per 3 feet (1 m) of circumference of cage with a minimum of three at each level shall be used.  Additional spacers may be required if deemed necessary by the engineer.  Concrete or other approved non‑corrosive spacers, approved by the engineer, shall be provided at the bottom of the drilled shaft reinforcing cage to insure that the specified distance between the bottom of the cage and the bottom of the shaft is maintained.  The bottom spacers shall be constructed of approved material equal in quality and durability to the concrete specified for the shaft.  Bottom spacers will not be required if the steel reinforcing cage is supported at the top of the hole.


(e)

Reinforcement Cage Elevation:  The elevation of the top of the steel reinforcement cage shall be checked before and after the concrete is placed.  If the reinforcement cage is not maintained within the specified tolerances, corrections shall be made by the contractor as directed by the engineer.  No additional shafts shall be constructed until the contractor has modified his reinforcement cage support in a manner satisfactory to the engineer.


(f)

Column Steel:  The minimum length of steel required for lap with column steel shall be maintained.  Dowel bars in the top of the shaft shall be placed and tied prior to starting concrete pour unless approved otherwise by the engineer.

814.15

CONCRETE PLACEMENT METHOD.  The contractor may use any of the placement methods described herein. Details pertaining to compliance with this specification shall be furnished in the contractor's drilled shaft installation plan.


(a)

Free Fall Method:


(1)

Requirements:  The free fall placement of concrete shall only be permitted in dry vertical shafts where the clear opening (inside the reinforcing cage) is not less than 24 inches (600 mm) in diameter.  The height of free fall placement shall not exceed 75 feet (23 m) measured from the bottom of the hopper or drop chute to the point of deposition.  Concrete placed by free fall shall fall directly to the placement location without contacting either the reinforcing cage or the shaft sidewall.


A hopper shall be used at the top of the shaft to center and direct the free fall placement.  The contractor shall reduce the rate of concrete placement or reduce the height of free fall as directed by the engineer if the concrete strikes the reinforcing cage or sidewall.



(2)

Disqualification of Free Fall Method:  If in the opinion of the engineer, concrete placement cannot be satisfactorily accomplished by the free fall method, the contractor shall change to either tremie or pumping methods to accomplish the concrete placement.


(b)

Tremie and Pumped Concrete Placement Methods:


(1)

Tremie:  Tremies shall consist of a tube of sufficient length, weight, and diameter to discharge concrete at the shaft base elevation.  Inside and outside surfaces of the tremie shall be clean and smooth to permit both flow of concrete and unimpeded withdrawal during concreting.  The wall thickness of the tremie shall be adequate to prevent crimping or sharp bends that restrict concrete placement.  The tremie's inside diameter shall be at least 6 times the maximum aggregate size used in the concrete mix but shall not be less than 10 inches (250 mm).  Tremies used for concrete placement in dry excavations shall consist of: a tube of solid construction; a tube constructed of sections which can be added and removed; or a tube of other approved design.  Tremies used for concrete placement in wet excavations shall be constructed as follows:





1.
The tremie pipe is watertight and discharges concrete readily





2.
The discharge end of the tremie shall prevent intrusion of slurry





3.
The discharge end of the tremie shall be constructed to permit the free radial flow of concrete during placement operations





4.
The tremie shall have sufficient weight that it will rest on the shaft bottom before the start of concrete placement.



(2)

Pumped Concrete:  The contractor may use concrete pumps approved by the engineer in lieu of tremies to place concrete for drilled shafts.  Concrete pumps shall have sufficient capacity to place the concrete within the time limit specified.  The pump lines shall have a minimum 4 inch (100 mm) diameter and shall be constructed so that all sections have watertight joints.



(3)

Concrete Placement:  Tremied or pumped concrete may be used for concrete placement in either wet or dry excavations.





a.
Dry Excavations:  Concrete may be passed through a hopper at the top of the tremie or through side openings as the tremie is retrieved during concrete placement. The tremie or pump line shall be supported so that the free fall of the concrete is less than 5 feet (1.5 m) at all times.  If the free falling concrete causes the shaft sides to cave or slough, the contractor shall control the movement of concrete by reducing the height of free fall of the concrete and/or reducing the rate of flow of concrete into the excavation.





b.
Wet Excavations:  When a tremie is used for concrete placement, bottom plates or plugs will be required to ensure that there is a minimum of concrete contamination.  When a bottom seal is used, the tremie shall be sealed prior to placing the tremie in the wet excavation.  The tremie pipe shall be placed on the bottom of the excavation and charged with concrete prior to lifting the tremie to release the bottom seal.  The tremie should only be raised enough to release the bottom seal and start the flow of concrete, approximately 1 foot (300 mm).  When a plug or pig is placed at the top of the tremie it shall be inserted after the tremie is placed in the wet excavation and before the tremie is charged with concrete.  The bottom of the tremie shall be placed slightly off the bottom of the excavation to allow the plug or pig to pass out of the tremie.


When a concrete pump with rigid steel pump line is used for concrete placement, a plug or pig is to be placed in the rigid pump line to minimize concrete contamination.  The plug or pig is to be placed near the top of the rigid line after the rigid line has been placed in the wet excavation and before the rigid line is connected to the surface line from the pump.  The rigid pump line shall be equipped with a vent to prevent air pressure build up in the surface line at the beginning of concrete pumping operations.  The air vent shall be closed when the concrete in the surface line reaches the pig in the rigid line.


The discharge end of the tremie or rigid pump line shall be immersed at least 5 feet (1.5 m) into the concrete at all times and shall not be removed after starting the flow of concrete. The flow of the concrete shall be continuous.  The concrete in the tremie or pump line shall be maintained with a positive head at all times to prevent water or slurry intrusion into the shaft concrete. If at any time during the concrete pour, the tremie or pump line discharge end is removed from the fluid concrete column and discharges concrete above the rising concrete level, the shaft shall be considered defective.  The contractor shall have the option, at the time the concrete pour is interrupted, to recharge the tremie and continue the pour at his own risk or to remove the reinforcing cage and concrete, complete any necessary sidewall overreaming as directed by the engineer, and repour the shaft.

814.16

CONCRETE PLACEMENT REQUIREMENTS.  Concrete shall be placed in accordance with Section 805 and the requirements herein.


(a)

Concrete Placement Responsibility:  The drilled shaft contractor shall be responsible for placement of the concrete in the drilled shaft.  Prior to concrete placement, the drilled shaft contractor shall make all necessary arrangements to assure the uninterrupted delivery of concrete so that all drilled shaft foundations shall be constructed without cold joints.


(b)

Concrete Placement Contingencies:  The contractor shall have readily available all equipment and materials necessary for mitigating situations that may occur during drilled shaft concrete placement such as unforeseen stoppage of work, drop in concrete pressure, delays in concrete placement, etc.  Contingency methods shall be submitted with the drilled shaft installation plan for approval.


(c)

Concrete Placement Log:  When concrete placement is under slurry, or as directed by the engineer, a concrete placement log will be maintained to document the method of concrete placement.  The contractor shall assist the engineer in determining the actual volume of concrete placed, elevation of top of concrete in the shaft, and elevation of tremie or pump line discharge end.


(d)

Concrete Placement Time Limitations:  Concrete shall be placed as soon as possible after the reinforcing steel placement and shall be continuous from the bottom to the top elevation of the shaft.  Concrete placement shall continue after the shaft excavation is full, until good quality concrete is evident at the top of the drilled shaft.  Unless approved otherwise by the engineer, the elapsed time from beginning to completion of concrete placement in the drilled shaft shall not exceed two hours for drilled shafts 5 feet (1.5 m) diameter or less.  The minimum concrete placing rate for drilled shafts larger than 5 feet (1.5 m) diameter shall be 30 cubic yards (23 cu m) per hour.  The engineer may allow an extension of the concrete placement time if the contractor adequately demonstrates that the slump of the concrete shall be no less than 4 inches (100 mm) during the entire time of concrete placement.  The contractor may choose either of the following methods to demonstrate the performance of the concrete slump:



(1)

Method 1:  The contractor shall demonstrate by trial mix and slump loss tests that the slump of the concrete is not less than 4 inches (100 mm) during the longer placement time.  These tests shall be conducted by a DOTD certified concrete technician in the presence of the engineer.  The slump loss tests shall be performed at intervals not to exceed 30 minutes and shall be made from a trial mix proportioned from the approved concrete mix design.  The temperature of the trial mix shall be kept at a level representative of construction site conditions.



(2)

Method 2:  The contractor shall demonstrate by construction site slump loss tests that the slump of the concrete is not less than 4 inches (100 mm) during the longer placement time.  The slump loss tests shall be performed at intervals not to exceed 30 minutes and shall be made from the first batch of concrete that is placed in a test hole or test drilled shaft.  The concrete used for these slump loss tests shall be sampled at the test site and shall be kept covered during testing.  If a test hole or test drilled shaft is not required, then a field test may be performed at the construction site prior to beginning of the drilled shaft construction.


(e)

Top of Drilled Shaft:  Concrete placed under slurry shall not be vibrated, unless directed by the engineer, in the top 5 feet (1.5 m) of the drilled shaft after the slurry, contaminated concrete, and surface casing have been removed.  After concrete placement is completed, the top surface shall be cured and construction joint areas shall be treated as specified in Section 805.


Concrete placement in wet excavations shall be overpoured until all slurry and contaminated concrete has been removed.  Temporary sump holes used for slurry recovery and concrete overpour shall not exceed 5 feet (1.5 m) in depth.  The temporary sump holes shall be cleaned out and backfilled to the satisfaction of the engineer.

814.17

DRILLED SHAFT CONSTRUCTION TOLERANCES.  The following construction tolerances shall apply for drilled shafts unless otherwise stated in the contract documents.  During drilling or excavation of the drilled shaft, the contractor shall make frequent checks on the plumbness, alignment, and dimensions of the shaft. Drilled shafts constructed out of tolerance are unacceptable and shall be considered defective. These out of tolerance shafts shall be backfilled, in an approved manner, when directed by the engineer until the redesign is completed and approved.


(a)

Horizontal Location:  When drilled shafts support a single column, the center of the top of the drilled shaft shall vary no more than 3 inches (75 mm) in the horizontal plane of the position indicated in the plans.  The top of all other drilled shafts shall be constructed so that the center is within the following tolerances of the position indicated in the plans unless otherwise directed by the engineer.

Table 814-3

Drilled Shaft Horizontal Tolerance
	Drilled Shaft Diameter, D
	Horizontal Tolerance

	D ( 2 feet
	D ( 600 mm
	3 inches
	75 mm

	2 < D ( 3 feet
	600 < D ( 900 mm
	3 1/2 inches
	90 mm

	3 < D ( 4 feet
	900 < D ( 1200 mm
	4 inches
	100 mm

	D > 4 feet
	D > 1200 mm
	6 inches
	150 mm



(b)

Excavation Vertical Alignment:  The vertical alignment of the shaft excavation shall be within 1.5 percent of plumb.


(c)

Reinforcing Steel Cage:  After all the concrete is placed, the top of the reinforcing steel cage shall be no more than 4 inches (100 mm) above and no more than 3 inches (75 mm) below plan position, and shall be at least 1 inch (25 mm) below the top of the shaft. When the shaft reinforcing cage is to be tied directly to the column steel the shaft reinforcing cage shall be within 1/2 inch (15 mm) of the plan location. On all other shafts, the reinforcing cage shall be concentric with the shaft within a tolerance of 1 1/2 inches (40 mm).


(d)

Top Elevation of Shafts:  The top elevation of the drilled shaft concrete shall be within 2 inches (50 mm) of the top of shaft elevation shown in the plans.


(e)

Drilled Shaft Diameter:  The minimum diameter of the drilled shaft shall be the diameter shown in the plans.


(f)

Excavation Equipment And Methods:  Excavation equipment and methods shall be designed so that the completed shaft excavation will have a flat bottom and shall be normal to the axis of the shaft within 3/4 inch per foot (60 mm/m) of drilled shaft diameter.  The cutting edges of excavation equipment shall be normal to the vertical axis of the equipment within a tolerance of plus or minus 3/8 inch per foot (30 mm/m) of drilled shaft diameter.

814.18

DEFECTIVE DRILLED SHAFTS.  The contractor shall be responsible for correcting defective drilled shafts, including redesign, to the satisfaction of the engineer.  All corrective proposals to restore or replace defective drilled shafts shall be reviewed for approval by the Department.  Corrective actions may consist of, but are not limited to: removing the shaft concrete and extending the shaft deeper, providing straddle shafts, or providing a replacement shaft.  No compensation will be paid for abandoned casings, concrete, etc. that remain in place. When the drilled shaft is found defective, core sampling and additional nondestructive testing shall be at no direct pay.  If the shaft is accepted, only core sampling and grouting, will be paid for by the Department.  A unit price for coring will be established prior to the coring operations.

814.19

NONDESTRUCTIVE TESTING OF DRILLED SHAFTS.  The nondestructive testing (NDT) method termed Crosshole Sonic Logging (CSL) shall be used to check the integrity of newly‑placed concrete drilled shafts.  The CSL testing system shall measure the time it takes for an ultrasonic pulse to travel from a signal source in one access tube to a receiver in another access tube.


The CSL test shall be used on all production, test hole, and test drilled shafts when any of the following conditions occur:



1.
A drilled shaft is constructed with the placement of concrete through slurry.



2.
A full-length casing is used to prevent water from entering the shaft.



3.
Determined to be necessary by the engineer.


The installation of access tubes and dewatering/grouting the tubes after the CSL testing has been performed shall be at no direct pay.


(a)

NDT Consultant:  The NDT consultant shall be an experienced independent test organization approved by the engineer prior to testing.  All CSL testing and analyses shall be performed under the supervision of a registered professional engineer.  The NDT consultant shall have a minimum of three years experience in field testing and analyzing CSL test results.


(b)

Testing Schedule:  The CSL testing for all drilled shafts shall not be conducted until 24 hours after the placement of all concrete in a shaft.  After placement of concrete, all CSL tests for production drilled shafts must be completed within seven calendar days for PVC access tubes and 30 calendar days for steel access tubes.  CSL tests for test holes and test drilled shafts must be completed within seven calendar days after placement of concrete.  During the development of the CSL testing schedule, the contractor shall consider the CSL testing time constraints and the drilled shaft production schedule.


(c)

Access Tubes:  Access tubes used for production drilled shafts shall be 2.0 inch (50 mm) inside diameter schedule 40 steel pipe or PVC pipe.  The pipes shall have a round, regular internal diameter free of defects or obstructions, including pipe joints, in order to permit the free, unobstructed passage of a 1.3 inch (33 mm) diameter source and receiver probes.  The tubes and joints shall be watertight and free from corrosion with clean internal and external faces to ensure passage of the probes and a good bond between the concrete and the tubes.


Access tubes shall be installed for the full depth of each shaft to permit access of CSL testing equipment.  The number of access tubes installed shall depend on the diameter of the shaft as specified in Table 814-4.

Table 814-4

Drilled Shaft Access Tubes

	Shaft Diameter,

 D (Feet)
	Shaft Diameter,

 D (m)
	Minimum Number of Access Tubes

	D < 2.5 
	D < 0.75 
	2

	2.5 < D ( 3.5 
	0.75 < D ( 1.00 
	3

	3.5 < D ( 4.5 
	1.00 < D ( 1.40 
	4

	4.5 < D ( 5.5 
	1.40 < D ( 1.70 
	5

	5.5 < D ( 6.5 
	1.70 < D ( 2.00 
	6

	6.5 < D ( 7.5 
	2.00 < D ( 2.30 
	7

	7.5 < D ( 8.5 
	2.30 < D ( 2.60 
	8

	8.5 < D ( 9.0 
	2.60 < D ( 2.80 
	9

	9.0 < D ( 10.0 
	2.80 < D ( 3.10 
	10

	10.0 < D ( 11.0 
	3.10 < D ( 3.40 
	11

	11.0 < D ( 12.0 
	3.40 < D ( 3.70 
	12



The pipes shall each be fitted with a watertight shoe on the bottom and a removable cap on the top.  The pipes shall be securely attached to the interior of the reinforcement cage.  The engineer may allow the tubes to be installed on the outside of the cage if the access tubes have a minimum concrete cover of 3 inches (75 mm) and bumpers are installed on the outside of the cage to prevent tubes from being crushed.  The tubes shall be installed in each shaft in a regular, symmetric pattern such that each tube is equally spaced from the others around the perimeter of the cage.  The tubes shall be as near to parallel and vertical as possible.  The tubes shall be fastened to the reinforcement cage at 5 feet (1.5 m) intervals or as directed by the engineer.  The tubes shall extend from 6 inches (150 mm) above the shaft bottom to at least 3 feet (1 m) above the shaft top.  If the shaft top is subsurface, the tubes shall extend at least 3 feet (1 m) above the ground and/or water surface.  Care shall be taken during reinforcement installation operations in the drilled shaft hole so as not to damage the tubes.  Prior to placement of concrete, the access tubes shall be filled with clean water and the tube tops capped or sealed to keep out debris.  Care shall be exercised in the removal of caps or plugs from the pipes after concrete placement so as not to apply excess torque, hammering, or other stresses which could break the bond between the access tubes and the concrete.


(d)

CSL Test Equipment:  The CSL test equipment shall be capable of performing the following functions:



1.
Displaying individual CSL records, recording CSL data, and analyzing receiver responses.



2.
Printing of CSL logs.



3.
Testing in 2 inch (50 mm) I.D. access tubes.



4.
Generating an ultrasonic voltage pulse to excite the source with a synchronized triggering system to start the recording system.



5.
Measuring and recording the depths of CSL probes at the time signals are recorded.



6.
Filtering/amplifying signals.


(e)

CSL Logging Procedures:  The shaft identification, shaft bottom and top elevations, length, and date of concrete placement shall be provided to the NDT consultant prior to performing CSL testing.  As a minimum, all perimeter tube pairs and major diagonal tube pairs shall be tested.  If a possible defect is found, CSL testing shall be conducted between additional pairs of tubes as determined by the NDT consultant.


The CSL tests shall be carried out with the source and receiver probes in the same horizontal plane unless test results indicate potential defects in which case the questionable zone may be further evaluated with angled tests consisting of the source and receiver vertically offset in the access tubes. CSL measurements shall be made at depth intervals of 2 inches (50 mm).  The probes shall be pulled simultaneously, starting from the bottom of the tubes, over a depth measuring device.  Any slack shall be removed from the cables prior to pulling to provide for accurate depth measurements.


(f)

CSL Testing Results:  A preliminary report shall be provided to the Pavement and Geotechnical Design Engineer within 72 hours of CSL testing.  Two copies of the final CSL testing report shall be furnished to the engineer within 10 working days of testing.  The test results shall include CSL logs with analyses of the initial pulse arrival time versus depth and pulse energy/amplitude versus depth. A CSL log shall be presented for each tube pair tested with any defect zones indicated on the logs and discussed in the test report as appropriate.  A summary of the CSL test results shall be included in the report.  The CSL test summary shall include the drilled shaft identification, test date, shaft age at time of CSL testing (days from concrete placement to CSL testing), drilled shaft diameter, number of CSL tubes tested, test length, average compression velocity, and a description of anomalies detected.  Each CSL anomaly description shall include CSL tube number, depth below top of concrete, percent concrete wave speed reduction, and recommended concrete condition rating.


(g)

Evaluation of CSL Testing:  The engineer will evaluate the CSL test results and determine whether the drilled shaft construction is acceptable.  In uniform good quality concrete, the CSL test will produce records with good signal amplitude and energy.  Longer travel times or loss of signal and lower amplitude/energy signals indicate the presence of irregularities such as poor quality concrete, voids, honeycomb and soil intrusions.  Any defects indicated by the testing shall be reported to the engineer and further tests shall be conducted as required to evaluate the extent of such defects.  Additional nondestructive testing to determine extent of defects or to determine if tube debonding has occurred shall be at no additional pay.  If the engineer determines that the drilled shaft is unacceptable based on CSL or other nondestructive testing, the shaft shall be considered defective.


(h)

Abandoning CSL Access Tubes:  After the CSL testing has been completed and the engineer has given approval to continue construction, the contractor shall dewater and grout the access tubes in the drilled shaft.  The grout and grouting method shall be approved by the engineer.

814.20

CORE DRILLING OF DRILLED SHAFT CONCRETE.  Production drilled shafts or test drilled shafts that are determined to be unacceptable by the CSL tests, or drilled shafts that, in the opinion of the engineer, are suspected to have defects, may be cored to determine the quality of the concrete.  Number, depth, and location of cores shall be as determined by the engineer.  Core samples shall be at least 2 inches (50 mm) in diameter.  The methods and equipment used to core the drilled shaft and grout the cored hole shall be approved by the engineer prior to commencing coring operations.

(a)

Concrete Core Log:  An accurate log of cores shall be kept and the cores shall be placed in a crate and properly marked showing the shaft depth at each interval of core recovery.  The engineer shall direct the contractor where to transport the cores along with a copy of the coring log.


(b)

Concrete Core Sample Evaluation:  Construction shall not proceed above a drilled shaft until the quality of the concrete in the shaft, as represented by the core samples, is determined to be acceptable and notification to continue construction is given by the engineer.  
If the quality of the concrete in a drilled shaft is determined to be unacceptable, then the drilled shaft shall be considered defective.

814.21

TEST HOLES.  When shown in the plans or when ordered by the engineer in writing, test holes will be required.  The construction of test holes will be used to determine if the methods and equipment used by the contractor are sufficient to produce a shaft excavation meeting the requirements of the plans and specifications.  Test holes shall be constructed and approved prior to constructing production shafts.  The contractor will be evaluated during test hole excavations on his ability to:



1.
Control dimensions and alignment of excavations within tolerances.



2.
Seal the casing into impervious materials.



3.
Control the size of the excavation under caving conditions by the use of slurry or by other means.



4.
Properly clean the completed shaft excavation.



5.
Construct excavations in open water areas.



6.
Determine the elevation of ground water.



7.
Satisfactorily place concrete meeting the specifications within the prescribed time frame.



8.
Satisfactorily execute any other necessary construction operations.


The contractor shall revise his methods and equipment as necessary at any time during the construction of the test hole when he is unable to satisfactorily carry out any of the necessary operations described above.


(a)

Location, Size, and Depth:  The test hole shall be drilled at the location shown in the plans, or as directed by the engineer.  If the diameter of the test hole is not shown in the plans, the test hole diameter shall be the diameter of the largest production drilled shafts required by the plans.  If the depth of the test hole is not shown in the plans, the test hole depth shall be the depth of the deepest production drilled shaft, or as directed by the engineer.


(b)

Construction Requirements:  The test hole shall be constructed with sufficient steel reinforcement to accommodate placement of the Crosshole Sonic Logging access tubes when required and with the same clearances as the production drilled shafts.  The test hole shall be filled with concrete in the same manner that production reinforced drilled shafts will be constructed, unless directed otherwise by the engineer.  The concreted test holes shall be left in place except that the top of the shaft shall be removed to a depth of 2 feet (600 mm) below the final ground line.  This also shall apply to shafts constructed in water.


(c)

Test Hole Evaluation:  When the contractor fails to demonstrate, to the engineer, the adequacy of his methods or equipment, additional test holes shall be provided at no cost to the Department.

814.22

MEASUREMENT.

(a)

Drilled Shafts:  Drilled shafts shall be measured from the approved tip elevation by the linear foot (lin m).


(b)

Test Holes:  Test holes will be measured by the linear foot (lin m) installed.


(c)

Permanent Casing:  Permanent casing shall be measured by the linear foot (lin m).


(d)

Crosshole Sonic Logging:  Crosshole Sonic Logging shall be measured for each drilled shaft tested.

814.23

PAYMENT.


(a)

Drilled Shafts:  Payment for drilled shafts will be made by the linear foot (lin m) and will include all necessary materials and equipment required for excavating, pumping, furnishing and placing casings, furnishing and placing concrete and reinforcement, removing casings, casings left in place, slurry, slurry testing equipment and performing slurry testing, disposing of slurry, furnishing and installing access tubes for nondestructive testing, any delays due to nondestructive testing schedule, and disposing of excess excavated material.  No payment will be made for concrete required to fill oversize casings or excavation.


Acceptance and payment for concrete drill shafts will be on a lot basis at the contract unit price per linear foot (lin m), adjusted in accordance with the following provisions.  A lot will be considered as a continuous identifiable pour that is completed in one day.  Multiple shafts poured on the same day but in a non-continuous pouring operation will require separate lots for each identifiable pour.  Six cylinders per lot will be tested for compressive strength and in the event of sudden cessation of operation a minimum of three cylinders will constitute a lot.  Acceptance and payment for each lot will be made in accordance with Table 901‑3.
Authorized overruns shall be paid as follows:



1.
Payment for shaft lengths in excess of plan length, up to and including 16 feet (5 m) will be made at the contract unit price per linear foot (lin m).  When reinforcing splices are required due to increases in shaft length up to and including 16 feet (5 m) the additional deformed reinforcing steel required for splices will be paid for at $0.50 per pound ($1.10 per kg) of deformed reinforcing steel.  No other compensation will be made for increases in shaft lengths up to 16 feet (5 m).



2.
Payment for that portion of shaft lengths greater than 16 feet (5 m) will be made in accordance with Subsection 109.04.


(b)

Test Holes:  Payment for test holes will be made at the contract unit price per linear foot (lin m) and shall include the cost of CSL Testing.  Payment for test holes required by the engineer but not specified by the plans, except when required for acceptance of polymer slurries, will be made in accordance with Subsection 109.04.


(c)

Permanent Casing:  Payment for permanent casing shall be paid at the contract unit price per linear foot (lin m).


(d)

Crosshole Sonic Logging:  Payment for Crosshole Sonic Logging testing shall be made at the contract unit price per each drilled shaft tested.  Payment shall be for all labor, materials, equipment, and incidentals necessary to perform the required test and furnish the CSL report.


Payment will be made under:

Item No.






Pay Item


Pay Unit

814-01





Drilled Shaft (Diameter)



Linear Foot (Lin m)

814-02





Test Hole (Diameter)



Linear Foot (Lin m)

814-03





Permanent Casing




Linear Foot (Lin m)

814-04





Crosshole Sonic Logging (Diameter)

Each

Section 815

Welding
815.01

DESCRIPTION.  Welding of structural steel, steel pipe and tubular members, reinforcing steel and aluminum alloys (including qualification of procedures, welders and welding operators, destructive and nondestructive testing, etc.) shall comply with these specifications.

815.02

QUALIFICATION OF PROCEDURES, WELDERS AND WELDING OPERATORS.

(a)

General:


(1)

The Construction Section shall be the qualifying agency.



(2)

Qualifying tests may be made at locations selected by the contractor and approved by the Department.  Advance notice of not less than 1 week shall be given to the Construction Section so that the Department can arrange for the presence of the inspector.



(3)

Seven copies of the required reports shall be furnished to the Construction Section.



(4)

Each welder and welding operator's work shall be identified with a steel stencil.



(5)

The social security number and 1 inch by 1 inch (25 mm by 25 mm) passport type picture of each qualifying welder and welding operator shall be furnished. The social security number of the qualified welder and welding operator shall be recorded on the required reports.  The qualified welder and welding operator shall have the identification card in their possession when working.



(6)

All costs incidental to welding qualifications shall be the responsibility of the contractor.


(b)

Structural Steel, Steel Pipe and Tubular Members:



(1)

Structural Steel:  Welding procedures, welders and welding operators shall be qualified in accordance with the ANSI/AASHTO/AWS D1.5-95 (D1.5-96) Bridge Welding Code.



(2)

Steel Pipe and Tubular Members:  Welding procedures, welders and welding operators shall be qualified in accordance with the ANSI/AWS D1.1-98 Structural Welding Code-Steel.


(c)

Reinforcing Steel:  Welding qualification for reinforcing steel shall comply with AWS D 1.4-92 Structural Welding Code-Reinforcing Steel.


(d)

Aluminum:  Welding qualification for aluminum alloys shall comply with ANSI/AWS D 1.2-97 Structural Welding Code-Aluminum.


(e)

Electrodes:


(1)

Structural Steel:  Electrodes shall be qualified and certified in accordance with the ANSI/AASHTO/AWS D1.5-95 (D1.5-96) Bridge Welding Code.



(2)

Steel Pipe and Tubular Members:  Electrodes shall be qualified and certified in accordance with the ANSI/AWS   D1.1-98 Structural Welding Code-Steel.



(3)

Aluminum:  Electrodes shall be qualified and certified in accordance with the ANSI/AWS D1.2-97, Structural Welding Code-Aluminum.

815.03

WELDING.  Size, type and length of welds shall be shown on the plans. The use of electroslag and electrogas welding processes will not be permitted.


(a)

Structural Steel, Steel Pipe and Tubular Members:


(1)

Structural Steel:  Welding of structural steel shall comply with the ANSI/AASHTO/AWS D1.5-95 (D1.5-96) Bridge Welding Code.  All minimum preheat and interpass temperatures in this code that are less than 125°F (50°C) are amended to be a minimum of 125°F (50°C).



(2)

Steel Pipe and Tubular Members:  Welding of steel pipe and tubular members shall comply with the ANSI/AWS D1.1-98 Structural Welding Code-Steel.  All minimum preheat and interpass temperatures in this code that are less than 125°F (50°C) are amended to be a minimum of 125°F (50°C).


(b)

Reinforcing Steel:  Welding of reinforcing steel shall comply with the AWS D1.4-92 Structural Welding Code-Reinforcing Steel.


(c)

Aluminum:  Welding of aluminum alloys shall comply with the ANSI/AWS D1.2-97 Structural Welding Code-Aluminum.

815.04

NONDESTRUCTIVE TESTING.


(a)

Structural Steel, Steel Pipe and Tubular Members:


(1)

Structural Steel:  Non-destructive testing shall comply with the ANSI/AASHTO/AWS D1.5-95 (D1.5-96) Bridge Welding Code except that the ends of all groove welds on main members shall be tested with the dye penetrant inspection method.



(2)

Steel Pipe and Tubular Members:  Non-destructive testing shall comply with the ANSI/AWS   D1.1-98 Structural Welding Code-Steel.



(3)

Edge Block:  Edge blocks shall be used when radiographing butt welds greater than 1/2 inch (13 mm) in thickness.  The edge blocks shall have a length sufficient to extend beyond each side of the weld centerline for a minimum distance equal to the weld thickness, but no less than 2 inches (50 mm), and shall have a thickness equal to or greater than the thickness of the weld.  The minimum width of the edge blocks shall be equal to half the weld thickness, but not less than 1 inch (25 mm).  The edge blocks shall be centered on the weld with a snug fit against the plate being radiographed, allowing no more than a 1/16 inch (2 mm) gap.  Edge blocks shall be made of radiographically clean steel and the surface shall have an ANSI 125 μinch (3.2 μm) or smoother finish.


(b)

Reinforcing Steel:  Non-destructive testing shall comply with AWS D1.4-92 Structural Welding Code-Reinforcing Steel.


(c)

Aluminum:  Non-destructive testing shall comply with ANSI/AWS D1.2-97 Structural Welding Code-Aluminum.  For sign structures, the dye penetrant method shall be used on butt welds in columns and main chord members, including associated flanges, gussets or main load carrying brackets or members also on fillet welds connecting flanges to main truss chord members.


(d)

Personnel Qualification:  Persons performing ultrasonic testing shall be qualified by tests administered by the Construction Section, unless otherwise approved.

815.05

MEASUREMENT AND PAYMENT.  There will be no direct payment for radiographic inspection, magnetic particle inspection, dye penetrant inspection or other tests as specified.


There will be no measurement or payment made for weld metal deposited; however, there will be no deduction made for removal of metal to be welded due to edge preparation.
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