DIVISION 31 - EARTHWORK
Section 31 62 00 – Piling

READ THIS FIRST

This Project Spec Document may need additional modifications to suit your project. It is recommended that you proofread each section, paying attention to any “Notes” boxes such as this one--you should remove these “Notes” sections as you go. Also, do a search for all bracket characters “ [ ] “ as they are used to show you areas containing options or project specific details (you can use Microsoft Word’s Find feature {Ctrl-F} to jump to an open bracket “ [ “ character quickly). Again, these bracket characters should be removed.

It is important that every paragraph be numbered to allow for easy referencing. If you use the document’s built in styles and formatting your outline should be fine (turn on the formatting toolbar by going to View > Toolbars > Formatting). Most paragraphs will use the style “Numbered Material” and can be promoted (Shift) or demoted (Shift-Tab).

You should not have to manually enter extra spaces, carriage returns or outline characters such as A, B, C, or 1.01, 1.02; the formatting will do this for you. The entire document is 11 pt. Arial. If you paste items in, you may need to reapply the “Numbered Material” format.

PART 1   GENERAL

1.1 SUMMARY OF WORK
A. The extent and location of “Piling” is indicated on the Contract Documents.
1. The Work includes the following types of Piles:
a. Timber Piles

b. Concrete Piles

(1) Pre-stressed Concrete piles
c. Steel piles
(1) Steel Pipe Piles
2. Steel Sheet Piles
1.2 GOVERNING CODES, STANDARDS, & REFERENCES

A. Governing Codes, Standards, & References

1. Welding shall conform to the requirements of the applicable provisions of A.W.S. D1.1-88,
2. Structural Welding Code and to the appropriate Building Code.
1.3 SUBMITTALS

A. Submit materials data in accordance with of Section 01 33 00 - Submittals. Furnish manufacturers’ technical literature, standard details, product specifications, and installation instructions for all products. Submittals shall include the following:
1. Pile Driving Equipment

a. Submit complete descriptions of the following pile driving equipment

(1) Hammers

(2) Extractors

(3) Protection Caps and other installations appurtenances

PART 2   MATERIALS
A.
If only one product is acceptable (single or sole source product), obtain an approved Competition Waiver and submit to the CPO Construction, Contract Administrator.  The language shall read as: “Manufacturer Name, Product # XXXXX, No Equal.”  Refer to CPO-6 Competition Waiver Policy for more information.

B.
If a Competition Waiver is not approved or more than one product is acceptable, this section must list a minimum of 2 products plus the language “Or Approved Equal,” along with salient characteristics.  Refer to CPO Construction’s Salient Characteristics Guidelines for more information.

2.1 PROJECT INFORMATION
2.2 PREPARATION FOR MATERIALS
2.3 FABRICATION, PRODUCTION, & SUPPLY OF MATERIALS
A. Driving Hammers
1. Hammers
B. Precast Concrete Piles

1. Pile order lengths shall be determined by the Contractor using the information on the drawings.
a. The initial pile order shall be restricted to [ ]% of the total number of piles of a size and length to allow for changes in pile lengths based on the information obtained from installation of indicator piles and re-drive of selected piles.
b. The remainder of the piling shall not be ordered until at least [ ] % of the total number of piles have been driven.

C. Timber Pile

1. Order Lengths

D. Steel Pipe Piles

1. Order Lengths

E. Steel Sheet Piles

1. Order Lengths

2.4 MATERIAL REQUIREMENTS
A. Timber Piles
1. Timber Piles shall conform to Section 06 05 00 – Lumber and Timber.
B. Steel Piles

1. Pipe Piles shall conform to Section 05 12 00 – Structural Steel.
2. H Piles shall conform to Section 05 12 00 – Structural Steel.

3. Sheet Piles shall conform to Section 05 12 00 – Structural Steel.

4. Welding shall conform to the requirements of the applicable provisions of A.W.S. D1.1-88, Structural Welding Code and to the appropriate Building Code.
5. Concrete shall conform to Section 03 30 00 - Cast-in-Place Concrete of these Specifications. The casings may be straight, tapered, or a combination of straight and tapered.
C. Concrete Piles
1. Pre-stressed Concrete:
a. Pre-stressed concrete piles shall meet the requirements of Section 03 40 00 - Precast Concrete of these specifications.
2. Cast-in-Place Restoration: Piling to be used for the piling restoration Work shall be “Colby” type piles as furnished by Colby Marine, Inc., “Sea Form Systems” as furnished by Aquatic Marine Divers, Or Approved Equal. The concrete shall be proportioned and mixed for the minimum compressive strength of 3,000 pounds per square inch.

3. Precast Concrete Piling
a. Pre-stressed concrete piles shall meet the requirements of Section 03 40 00 - Precast Concrete of these specifications.

D. Composite Piles

1. Composite Piling shall consist of a pile made up of [two (2) timber sections] [a reinforced concrete pile, and a timber pile section] as indicated on the drawings.

2. When the composite piling is made up of two timber sections, the lower section shall be untreated and the upper section shall be creosote-treated. When the composite piling is made up of reinforced concrete and timber, the lower section shall be untreated timber and the upper section shall be either precast or cast-in-place reinforced concrete.

3. The combined sections of composite pile shall meet the respective requirements specified above for full length piling.
2.5 MATERIAL HANDLING, DELIVERY, & STORAGE
A. Product Handling

1. Protection: Use all means necessary to protect the materials of this section before, during and after installation and to protect the installed Work and materials of all other trades.
2. Replacements: In the event of damage, immediately make all repairs and replacements necessary to the approval of the Engineer at no additional cost to the Port.
3. Timber Piles
a. Material handling, delivery, & storage shall meet the requirements of Section 06 05 00 – Lumber and Timber.
4. Steel Piles
a. Move steel piling by the use of “bridles,” “strong backs,” or other appropriate rigging which will prohibit the occurrence of permanent deformations.
b. Move steel piling by the use of “bridles,” “strong backs,” or other appropriate rigging which will prohibit the occurrence of permanent deformations. Provide standard 1-1/2 inch diameter handling holes, nine inches from both ends on centerline of web, on steel “Z” section sheet piles.

5. Steel Sheet Piles

a. For “Z” section steel sheet piles, provide standard 1-1/2 inch diameter handling holes, nine inches from both ends on centerline of web.
6. Concrete Piles
a. The method of storing and handling shall be such as to eliminate the danger of fracture by impact or undue bending stresses in curing or transporting the piles from the forms and into the leads.
b. Move concrete piles by means of a suitable bridle or sling attached to the pile at points indicated on the drawings.
c. Store all piles on level ground on timber blocking so that the axis of each pile is maintained in a straight line.
(1) Locate the blocking of successive tiers exactly over the blocking below.
d. Protection: Use all means necessary to protect the materials of this section before, during and after installation and to protect the installed Work and materials of all other trades.

e. Replacements: In the event of damage, immediately make all repairs and replacements necessary to the approval of the Engineer at no additional cost to the Port.

f. Handling: Do not subject piles to any handling stress until a test cylinder, made from the concrete pour for the piles involved and cured with the piles, shows a strength of at least 4,800 pounds per square inch. The method of storing and handling shall be such as to eliminate the danger of fracture by impact or undue bending stresses in curing or transporting the piles from the forms and into the leads. Move concrete piles by means of a suitable bridle or sling attached to the pile at the approved lifting points. Store all piles on level ground on timber blocking so that the axis of each pile is maintained in a straight line. Locate the blocking of successive tiers exactly over the blocking below.

2.6 DELIVERABLES
2.7 QUALITY ASSURANCE
A. Inspection of Installed Piles: The Contractor shall be responsible for installing piles in a satisfactory and undamaged manner and shall make pile inspections as necessary to ensure that this is done. A written inspection report shall be submitted to the Engineer for review. The Engineer, at his discretion, may inspect any or all of the production piles. Any discrepancy between the Engineer’s and the Contractor’s inspection reports shall be resolved by a joint inspection. Inspection by the Engineer shall be performed at no cost to the Contractor. Inspection of piles installed as replacement for rejected piles shall be at the Contractor’s expense.

PART 3   EXECUTION

3.1 PROJECT INFORMATION

A. The Contractor shall drive piles at the designated locations and shall remove rock riprap or spud as required to obtain penetration. In the event the pile cannot be installed (in the opinion of the Engineer), due to subsurface obstructions, the Engineer may require the pile be pulled, repositioned and re-driven. No extra compensation for this Work will be allowed. Should the Engineer determine that the Contractor is unable to remove a pile after hitting a subsurface obstruction, the Engineer may direct the Contractor to drive a new pile. Compensation for this new pile will be in accordance with the Schedule of Unit Prices.
3.2 PREPARATION FOR EXECUTION OF WORK

A. No piles shall be driven until the Engineer’s review of proposed equipment is complete and an authorization to proceed is given.

B. Fixed Lead Pile Drivers

1. Use fixed lead pile drivers when driving all bearing or batter piles.
2. The use of hanging or swinging leads will not be allowed unless they are so constructed that they can be held in a fixed position during the driving operations.
3. Leads shall be of sufficient length so that the use of a follower will not be necessary, except as hereinafter provided for timber piles.
4. Leads adapted to the driving of batter piles shall be employed for trestle construction or for foundation Work involving inclined piles.
C. Timber Piles

1. Fresh-cut the butt end of timber piles just before placing in the leads for driving.
2. Place caps, collars, or bands on the butt end of the pile when the pile is being driven in hard material to avoid crushing or brooming the head of the pile.

3. When the area of the head of any timber pile is greater than that of the face of the hammer, snip or chamfer the pile to a size to fit the hammer.
4. Snip or chamfer the heads of all treated piles to at least the depth of the sapwood to avoid splitting of the sapwood from the body of the pile during driving.

D. Concrete Piles

1. Do not drive precast concrete piles until a test cylinder, made from the concrete pour for the piles involved and cured with the piles, shows a strength of at least (3,000) pounds per square inch and cured for at least [21] days.

a. Protect the heads of all precast concrete piles during driving by caps of approved design, with a suitable cushion next to the pile head, and fitting into a casting, which in turn supports a shock block. Form the diameter of the inside of the cap to make a loose fit over the pile.

b. Secure precast piles against lateral movement during driving by leads of a design approved by the Engineer.

c. The driving hammer shall have a striking energy of at least [ ] foot-pounds and shall be a single-acting steam, air, hydraulic or diesel hammer with published characteristics from which driving data may be obtained. Drive precast piles to the minimum and bearing capacity indicated on the drawings as determined by the modified Engineering News Record formula:

Check paragraph 1.03)

	R =
	s + 0.1 (Wp/Wr)

	
	2Whr


Where: R = safe bearing values of pile, lb.

Wr = weight of the ram, lb.

Wp = weight of the pile, lb.

h = fall of the ram, ft.

s = set of the pile in inches per blow, averaged over the last ten blows.

2. The Engineer reserves the option, based on the results of pile driving, to modify either final driving resistance or tip elevation, or both. The use of internal or external water jets, or water and air jets, may be used upon approval of the Engineer. In the event that jets are used, withdraw the jets before the desired penetration is reached and drive the pile with the hammer to secure the final penetration and bearing values.

3. All costs resulting from the use of water jets shall be included in the contract price for driving piles and no additional compensation will be allowed.

4. Provide extensions, splices, or “build-ups” on precast concrete piles, when necessary, as indicated on the drawings after driving is completed. For precast piles, remove spalled concrete and fresh-head the pile to provide a top surface that is perpendicular to the axis of the pile. Provide reinforcement as indicated on the drawings and place the necessary formwork, exercising care to prevent leakage along the pile. The concrete in the build-up shall conform to the requirements of (Class B) as stated in Section 03 30 00 - Cast-in-Place Concrete.

5. Just prior to placing concrete, thoroughly moisten the top of the pile. Allow the forms to remain in place at least three (3) days. Do not drive spliced piles.

6. Contractor shall mark the concrete piles at one foot intervals beginning at the tip and the length shall be marked clearly at each five-foot division. At all times, during driving, the marked portion of the pile shall remain visible to the Engineer.

E. Steel Piles
1. Falsework must be of such a nature as to offer complete assurance of pile plumbness and alignment.
2. To facilitate driving to the required tip elevation, the interior of pipe piles may be cleaned out as required to reduce driving resistance.

3. Use fixed lead pile drivers when driving all bearing or batter piles. The use of hanging or swinging leads will not be allowed unless they are so constructed that they can be held in a fixed position during the driving operations. Leads shall be of sufficient length so that the use of a follower will not be necessary. Leads adapted to the driving of batter piles shall be employed for trestle construction or for foundation Work involving inclined piles.

3.3 EXECUTION OF WORK

A. Timber Piles

1. Use fixed lead pile drivers when driving all bearing or batter piles. The use of hanging or swinging leads will not be allowed unless they are so constructed that they can be held in a fixed position during the driving operations. Leads shall be of sufficient length so that the use of a follower will not be necessary, except as hereinafter provided for timber piles. When driving treated timber piles, the uses of spuds and chocks in the leads shall be kept at a minimum in order that the protective treatment will not become bruised or broken. Leads piles Leads adapted to the driving of batter piles shall be employed for trestle construction or for foundation Work involving inclined piles.
2. When driving treated timber piles, the uses of spuds and chocks in the leads shall be kept at a minimum in order that the protective treatment will not become bruised or broken.
3. Drive timber piles with a steam, air, or diesel hammer, approved by the Engineer, of such size as to drive the piling to the required [bearing] [depth] [depth and bearing] indicated on the drawings.
a. A pile damaged in the driving, improperly driven, or driven at a wrong location shall be removed by the Contractor, and another pile shall be driven in its place at no additional cost to the Port.
4. Do not use water jets unless, in the opinion of the Engineer, such use is necessary or desirable.
a. When water jets are used, the number of jets and the volume and pressure of the water at the jet nozzles shall be sufficient to freely erode the material adjacent to the pile.
b. The plant shall have sufficient capacity to deliver at all times at least one hundred (100) pounds per square inch pressure at each three-fourths (3/4) inch jet nozzle.
c. Before the desired penetration is reached, the jets shall be withdrawn and the piles shall be driven with the hammer to secure the final penetration and bearing value.
d. Piles previously driven that become loosened due to the use of the water jets shall be re-driven in place or pulled and a new pile driven.
e. A careful check shall be made during driving of piles to determine if the piles are becoming loosened by attempting to re-drive at least one pile in every five piles.
f. No allowance will be made for cost to the Contractor for re-driving or replacement of loosened piles due to the use of water jets.
5. Cut off timber bearing piles at the elevations indicated on the drawings.
a. Use templates or other devices after pilings have been temporarily located in their final position to ensure that the cutoff will be true and level.

b. Cut off fender, dolphin, or mooring piles at the (slope) (elevation) indicated on the drawings.
c. Field treat untreated heads or treated timber piles.

(1) Field treatment shall meet the requirements of Section 06 05 00 – Lumber and Timber.
B. Steel Piles

1. Driving: Drive [Steel Pipe Piles] [Steel H Piles] as accurately as possible in true line and position.
2. Crooked alignment to avoid interference from obstructions will not be permitted; and such obstructions, when encountered, must be removed before proceeding with driving.
3. Steel piles may be lengthened while in the leads by welding additional stock to the original pile. Welds shall be full penetration welds conforming to the requirements of the applicable provisions of A.W.S. D1.1-88, Structural Welding Code, and to the applicable Building Code.

4. Cut off steel piles and finish as indicated on the drawings. [After cutoff, fill pipe piles with concrete.]

5. Treatment: Coat or paint exposed cutoff steel piling with an approved rust inhibitor unless the head of the pile is embedded in concrete or otherwise protected from the elements.

6. Drive [Steel Pipe Piles] [Steel H Piles] as accurately as possible in true line and position. Prior to driving steel sheet piling, submit to the Engineer, for his approval, complete details of driving equipment and falsework to be used in placing sheet piling. Falsework must be of such a nature as to offer complete assurance of plumbness and alignment. Crooked alignment to avoid interference from obstructions will not be permitted; and such obstructions, when encountered, must be removed before proceeding with driving. Drive sheet pile sections with the ball end ahead, continuous interlocks shall be a tight fit after driving.

7. Drive steel [___] piles with diesel, steam, hydraulic or air-driven hammers. Pile-driving hammers shall be capable of developing not minimum of [___] foot-pounds of energy per blow and maximum of [ ] foot-pounds of energy. The hammer shall be equipped with a suitable “driving head,” “driving cap,” or “helmet” fabricated of forged or cast steel, or approved alternate material, shaped to fit the particular pile being driven and designed for the particular hammer being used.

8. Drive piles to the minimum bearing capacity indicated on the drawings as determined by the Engineering News Record formula, and to the minimum tip penetration indicated on the drawings. The Engineer reserves the option, based on the results of pile driving, to modify either, or both, final driving resistance or tip penetration.

9. To facilitate driving to the required tip elevation, the interior of pipe piles may be cleaned out as required to reduce driving resistance. Where obstructions make it impossible to drive piles in the location indicated and to the final penetration, employ the usual methods to install piles as required, including spudding, or other means as directed by the Engineer. Jetting may not be used, except by permission of the Engineer. When driving must be interrupted, the continued driving after such intermission shall be performed for at least one minute before the average penetration per blow is measured for determining whether the required resistance has been reached.

10. Steel piles may be lengthened while in the leads by welding additional stock to the original pile. Welds shall be full penetration welds conforming to the requirements of the applicable provisions of A.W.S. D1.1-88, Structural Welding Code and to the applicable Building Code.

11. Cut off steel piling at the elevations indicated on the drawings. Use templates or other devices after the piling has been temporarily located in its final alignment to ensure that the cutoff will be true and level for load-bearing piles supporting steel caps. Cut off steel piles finish as indicated on the drawings. (After cutoff, fill pipe piles with concrete.)

12. Coat or paint exposed cutoff steel piling with an approved rust inhibitor unless the head of the pile is embedded in concrete or otherwise protected from the elements.

13. Paint steel sheet piling on both sides in accordance with the requirements of Section 09 96 26 - Coating System for Steel Piling, excepting that painting of ASTM A690 steel piling may be omitted.
C. Steel Sheet Piles
1. Drive sheet pile sections with the ball end ahead, continuous interlocks shall be a tight fit after driving.

2. Drive steel [___] piles with diesel, steam, hydraulic or air-driven hammers.
a. Pile-driving hammers shall be capable of developing not less than [___] foot-pounds of energy per blow.
b. The hammer shall be equipped with a suitable “driving head,” “driving cap,” or “helmet” fabricated of forged or cast steel, or approved alternate material, shaped to fit the particular pile being driven and designed for the particular hammer being used.

3. Drive piles to the minimum bearing capacity indicated on the drawings as determined by the Engineering News Record formula and to the minimum tip penetration indicated on the drawings.
a. The Engineer reserves the option, based on the results of pile driving, to modify either, or both, final driving resistance or tip penetration.

4. Where obstructions make it impossible to drive piles in the location indicated and to the final penetration, employ the usual methods to install piles as required, including spudding, or other means as directed by the Engineer.
a. Jetting may not be used, except by permission of the Engineer.
5. Cut off steel piling at the elevations indicated on the drawings. Use templates or other devices after the piling has been temporarily located in its final alignment to ensure that the cutoff will be true and level for load-bearing piles supporting steel caps.
D. Precast Concrete Piles
1. Use fixed lead pile drivers when driving all bearing or batter piles. The use of hanging or swinging leads will not be allowed unless they are constructed that they can be held in a fixed position during the driving operations. Unless otherwise approved by the Engineer leads shall be of sufficient length so that the use of a follower will not be necessary, except as provided below. If piles are driven through the waterside crane rail beam using a follower, the Contractor shall laterally support the head of the pile during driving to protect the pile from damage. Leads adapted to the driving of batter piles shall be employed for Work involving inclined piles.

2. All pile driving equipment shall be designed, constructed and maintained in a manner suitable for the Work to be performed in this Contract. If, in the opinion of the Engineer, the driving equipment is inadequate or deficient, it shall be removed from the jobsite. All costs for remobilizing, removing, or replacing such equipment shall be for the Contractor’s account.

3. The Contractor shall choose between the following two pile installation options:

a. Option 1 - Place rip rap slope protection first and drive piles through the rip rap.

b. Option 2 - Drive piles first and subsequently place rip rap slope protection around the piles.

4. The Contractor is responsible for the quality assurance requirements of this specification regardless of its choice of option.

5. Do not drive precast concrete piles until a test cylinder, made from the concrete pour for the piles involved and cured with the piles, shows a strength of at least [3,500] [4,000] pounds per square inch.
6. Use fixed lead pile drivers when driving all bearing or batter piles. The use of hanging or swinging leads will not be allowed unless they are so constructed that they can be held in a fixed position during the driving operations. Leads shall be of sufficient length so that the use of a follower will not be necessary. Leads adapted to the driving of batter piles shall be employed for trestle construction or for foundation Work involving inclined piles.

7. Protect the heads of all precast concrete piles during driving by caps of approved design, with a suitable cushion next to the pile head and fitting into a casting, which in turn supports a shock block.
a. Form the inside diameter of the cap to make a loose fit over the pile.

8. Secure precast piles against lateral movement during driving by leads of a design as approved by the Engineer.
9. The driving hammer shall have a striking energy of [___] foot pounds and shall be a single acting steam, air, or diesel hammer with published characteristics from which driving data may be obtained.
a. The striking parts of the hammer shall have a velocity no greater than 15 feet per second at the time of impact.

10. Drive precast piles to the minimum penetration and bearing capacity indicated on the drawings as determined by the modified Engineering News Record formula:

	R =
	2Whr

	
	s + 0.1 (Wp/Wr)


Where: R = safe bearing values of pile, lb.

Wr = weight of the ram, lb.

Wp = weight of the pile, lb.

h = fall of the ram, ft.

s = set of the pile in inches per blow, averaged over the last ten blows.

11. The Engineer reserves the option, based on the results of pile driving, to modify either final driving resistance or tip elevation, or both.
12. The use of internal or external water jets, or water and air jets, may be used upon approval of the Engineer.
a. In the event that jets are used, withdraw the jets before the desired penetration is reached and drive the pile with the hammer to secure the final penetration and bearing values.
13. Do not drive pre-stressed concrete piles until a test cylinder, made from the concrete pour for the piles involved and cured with the piles, shows a strength at least equal to the 28-day strength specified in Section 03 40 00 - Precast Concrete.

14. Protect the heads of all pre-stressed concrete piles during driving using caps of approved design, with a suitable cushion next to the pile head, and fitting into a casting, which in turn supports a shock block. Form the diameter of the inside of the cap to make a loose fit over the pile.

15. Secure pre-stressed piles against lateral movement during driving by leads of a design approved by the Engineer.

16. Piles, except those required to be driven to refusal, shall be driven to the tip elevations noted on the drawings and to a minimum blow count determined by the Engineer. If the driving resistance is not achieved at the penetration depths indicated on the drawings, driving should be terminated two feet above the indicated tip elevation. At least one hour after initial driving is terminated, re-drive to indicated tip elevation. If the re-drive resistance does not meet the minimum requirement, the Engineer shall evaluate the driving record and determine additional required penetration or piles as necessary. It is estimated that the piles may require re-driving to establish pile capacities in accordance with Article 3.02(D), this section.

17. The driving hammer shall have a striking energy of 32,000 foot-pounds to 80,000 foot-pounds per blow and shall be a diesel hammer with published characteristics from which driving data may be obtained. The ram weight shall not be less than 9,000 pounds.

18. Driving criteria for production piles shall be reviewed and approved by the Engineer using wave equation analysis and the data supplied by the Contractor in Table 1 on the actual hammer-cushion-pile combination to be used in driving the piles.

19. For piles required to be driven to refusal, the preliminary refusal criterion for 16-1/2 inch octagonal piles is three blows per inch over the last three inches, using a 32,500 ft.-lb. hammer. Final criteria will be established after the Contractor's submittal of proposed driving equipment.

20. Indicator Piles: Indicator piles shall be driven at the locations shown on the drawings. The purpose of the indicator piles is to confirm and modify the driving criteria, procedure and equipment required for the production piles and to estimate the production pile lengths.

21. Re-drive: (Five) of the indicator piles at existing concrete apron area, (four) indicator piles at new concrete apron area and 10 percent of the remaining concrete production piles shall be re-driven to establish pile capacities. Locations of the indicator piles shall be determined by the Engineer. Tip elevations of the piles to be re-driven should not be lower than elevation [___] feet. The piles to be re-driven shall be selected by the Engineer. After four hours but not more than 24 hours, the pile shall be re-driven a minimum of six inches.

22. Pile Cut-off: The final cut-off elevations are indicated on the drawings. The pile driving shall be terminated at refusal or with the pile tip at the final elevation indicated on the drawings. Piles shall not be driven below cut-off elevation unless specifically authorized in writing by the Engineer. The piles shall be cut off to a flat surface perpendicular to the pile axis, with strands and spiral reinforcement exposed as indicated on the drawings.

23. Lateral Support of Piles: Pile heads shall be supported against lateral movement after driving until they are supported by the permanent structure. Lateral pulling of pre-stressed concrete piles during or after installation shall not be permitted.

E. Pre-stressed Concrete Piles

1. Use fixed lead pile drivers when driving all bearing or batter piles. The use of hanging or swinging leads will not be allowed unless they are constructed that they can be held in a fixed position during the driving operations. Unless otherwise approved by the Engineer leads shall be of sufficient length so that the use of a follower will not be necessary, except as provided below. If piles are driven through the waterside crane rail beam using a follower, the Contractor shall laterally support the head of the pile during driving to protect the pile from damage. Leads adapted to the driving of batter piles shall be employed for Work involving inclined piles.

2. All pile driving equipment shall be designed, constructed and maintained in a manner suitable for the Work to be performed in this Contract. If, in the opinion of the Engineer, the driving equipment is inadequate or deficient, it shall be removed from the jobsite. All costs for remobilizing, removing, or replacing such equipment shall be for the Contractor’s account.

3. The Contractor shall choose between the following two pile installation options:

a. Option 1 - Place rip rap slope protection first and drive piles through the rip rap.

b. Option 2 - Drive piles first and subsequently place rip rap slope protection around the piles.

4. The Contractor is responsible for the quality assurance requirements of this specification regardless of its choice of option.

5. Do not drive pre-stressed concrete piles until a test cylinder, made from the concrete pour for the piles involved and cured with the piles, shows a strength of at least [5,500] [6,000] pounds per square inch and has cured for minimum of 21 days.
6. Use fixed lead pile drivers when driving all bearing or batter piles. The use of hanging or swinging leads will not be allowed unless they are so constructed that they can be held in a fixed position during the driving operations. Leads shall be of sufficient length so that the use of a follower will not be necessary. Leads adapted to the driving of batter piles shall be employed for trestle construction or for foundation Work involving inclined piles.
7. Protect the heads of all pre-stressed concrete piles during driving by caps of approved design, with a suitable cushion next to the pile head and fitting into a casting, which in turn supports a shock block. Form the diameter of the inside of the cap to make a loose fit over the pile.

8. Secure pre-stressed piles against lateral movement during driving by leads of a design approved by the Engineer.

9. Drive pre-stressed piles to the minimum penetration and bearing capacity indicated on the drawings as determined by the modified Engineering News Record formula:

	R =
	s + 0.1(Wp/Wr)

	
	2Whr


Where: R = safe bearing values of pile, lb.

Wr = weight of the ram, lb.

Wp = weight of the pile, lb.

h = fall of the ram, ft.

s = set of the pile in inches per blow, averaged over the last ten blows.

a. The Engineer reserves the option, based on the results of pile driving, to modify either final driving resistance or tip elevation, or both.
10. The use of internal or external water jets, or water and air jets, may be used upon approval of the Engineer.
a. In the event that jets are used, withdraw the jets before the desired penetration is reached and drive the pile with the hammer to secure the final penetration and bearing values.

b. All costs resulting from the use of water jets shall be included in the contract price for driving piles, and no additional compensation will be allowed.

11. Provide extensions, splices, or “build-ups” on precast-pre-stressed concrete piles as indicated on the drawings after driving is completed.
a. For precast-pre-stressed piles, remove spalled concrete and fresh-head the pile to provide a top surface that is perpendicular to the axis of the pile.
b. Provide reinforcement as indicated on the drawings and place the necessary formwork, exercising care to prevent leakage along the pile.
c. The concrete in the build-up shall conform to the requirements of (Class B) as stated in Section 03 30 00 - Cast-in-Place Concrete.

d. Just prior to placing concrete, thoroughly moisten the top of the pile.
e. Allow the forms to remain in place at least three days. Do not drive spliced piles.
12. Secure pre-stressed piles against lateral movement during driving by leads of a design approved by the Engineer.

13. Piles, except those required to be driven to refusal, shall be driven to the tip elevations noted on the drawings and to a minimum blow count determined by the Engineer. If the driving resistance is not achieved at the penetration depths indicated on the drawings, driving should be terminated two feet above the indicated tip elevation. At least [48] hours after initial driving is terminated, re-drive to indicated tip elevation. If the re-drive resistance does not meet the minimum requirement, the Engineer shall evaluate the driving record and determine additional required penetration or piles as necessary. It is estimated that [15%] of the piles may require re-driving to establish pile capacities in accordance with Article 3.02(D), this section.

14. The driving hammer shall have a striking energy of minimum [32,000] foot-pounds at maximum setting and maximum [80,000] foot-pounds at minimum setting per blow and shall be a hydraulic or diesel hammer with published characteristics from which driving data may be obtained. Driving criteria for production piles shall be reviewed and approved by the Engineer using wave equation analysis and the data supplied by the Contractor in Table 1 on the actual hammer-cushion-pile combination to be used in driving the piles.

15. Obstruction:
16. Indicator Piles: Indicator piles shall be driven at the locations shown on the drawings. The purpose of the indicator piles is to confirm and modify the driving criteria, procedure and equipment required for the production piles and to estimate the production pile lengths.

17. Re-drive: [(Five) of the indicator piles at existing concrete apron area, (four) indicator piles at new concrete apron area and 10 percent of the remaining concrete production piles shall be re-driven to establish pile capacities. Locations of the indicator piles shall be determined by the Engineer. Tip elevations of the piles to be re-driven should not be lower than elevation [___] feet. The piles to be re-driven shall be selected by the Engineer. After four hours but not more than 24 hours, the pile shall be re-driven a minimum of six inches.]
18. Pile Cut-off: The final cut-off elevations are indicated on the drawings. The pile driving shall be terminated at refusal or with the pile tip at the final elevation indicated on the drawings. Piles shall not be driven below cut-off elevation unless specifically authorized in writing by the Engineer. The piles shall be cut off to a flat surface perpendicular to the pile axis, with strands and spiral reinforcement exposed as indicated on the drawings.

19. Lateral Support of Piles: Pile heads shall be supported against lateral movement after driving until they are supported by the permanent structure. Lateral pulling of pre-stressed concrete piles during or after installation shall not be permitted.

3.4 DELIVERABLES

A. [___]
3.5 QUALITY ASSURANCE

A. The Contractor shall keep a complete record of each pile installed. Data shall be recorded on the “Pile Driving Record Sheet” provided by the Port. Records shall include:

1. Driving rate
2. Pile type
3. Time of installation

4. Location of installation

5. Driving record
a. Include blow counts for every foot or fraction of a foot driven.
B. The Pile Driving Record shall be kept current
C. Location of installed piles shall be recorded on the Record Drawings.

D. Except as noted otherwise, bearing values for single acting hammers shall be determined by the Engineering News Record formula:

	R =
	2WrH

	
	s + 0.1


R = safe bearing value of pile, lb.

Wr = weight of ram, lb.

h = fall of ram, ft.

s = set of the pile in inches per blow, averaged over the last 10 blows.

E. Timber Pile

F. Pre-stressed Concrete Pile

G. Cast-in-place Concrete Pile

H. Steel Pile

I. Steel Sheet Pile

J. Inspection of Installed Piles: The Contractor shall be responsible for installing piles in a satisfactory and undamaged manner and shall make pile inspections as necessary to ensure that this is done. A written inspection report shall be submitted to the Engineer for review. The Engineer, at his discretion, may inspect any or all of the production piles. Any discrepancy between the Engineer’s and the Contractor’s inspection reports shall be resolved by a joint inspection. Inspection by the Engineer shall be performed at no cost to the Contractor. Inspection of piles installed as replacement for rejected piles shall be at the Contractor’s expense.

K. Pile installation Acceptance Criteria: The Engineer may reject a pile if any one of the following conditions exist:

1. Pile damaged in handling or driving, indicated by breaks or cracks. A damaged pile shall be defined as any pile containing one or more cracks, visible to the naked eye, on two or more faces of the pile.

2. Driven location of a pile deviates by more than five inches in any direction from its indicated location.

3. Pile is out of plumb or required batter by more than two degrees.

L. If a pile is rejected by the Engineer, the Contractor shall, at the sole discretion of the Engineer, either:

1. Remove and replace the rejected pile with a new pile furnished and driven in its place.

OR

2. Furnish a new pile and drive it adjacent to the rejected pile. The rejected pile may be cut-off at mudline at the Engineer’s option.

OR

3. Have the pile cap redesigned and modified to accommodate the rejected pile.

4. All costs associated with any of the above remedial action shall be the sole responsibility of the Contractor including, but not limited to: supply of new pile, required extra materials, labor, and Engineering fees. Engineering fees include design modifications to the pile cap carried out by a Port approved Engineer and any checking by the Port or the Port’s Consultants.

M. Obstructions: Where obstructions including riprap make it impossible to drive piles in the location indicated and to the final penetration, the Contractor shall resort to usual methods to install piles as required, including spudding, or other means as directed by the Engineer, at no extra cost to the Port. Jetting may not be used, except by permission of the Engineer.

PART 4   MEASUREMENT & PAYMENT

4.1 GENERAL

A. No separate measurement or payment will be made for the Work required by this section. The cost for this portion of the Work will be considered incidental to, and included in the payments made for the applicable bid items in the [Schedule of Unit Prices] [Lump Sum price bid for the Project].

End of Section
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