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SECTION 316219 - TIMBER PILES
Revise this Section by deleting and inserting text to meet Project-specific requirements.

This Section uses the term "Architect." Change this term to match that used to identify the design professional as defined in the General and Supplementary Conditions.

Verify that Section titles referenced in this Section are correct for this Project's Specifications; Section titles may have changed.

PART 1 -  GENERAL

1.1 SUMMARY

A. Section includes round timber piles.

1.2 UNIT PRICES

Coordinate with bidding and proposal forms as well as Section 012200 "Unit Prices."

A. The Contract Sum: Base the Contract Sum on number and dimensions of piles indicated from tip to cutoff, plus not less than 12 inches of over length.

B. Work of this Section is affected as follows:

Retain first subparagraph below for unit prices based on pile length.

1. Additional payment for pile lengths in excess of that indicated, and credit for pile lengths less than that indicated, will be calculated at unit prices stated in the Contract, based on net addition or deduction to total pile length as determined by Architect measured to nearest 12 inches.
a. Additional payment for splices required to extend pile lengths in excess of that indicated will be calculated at unit prices stated in the Contract.

Retain first subparagraph below for unit prices based on number of piles.

2. Additional payment for number of piles in excess of that indicated, and credit for number of piles less than that indicated, will be calculated at unit prices stated in the Contract.

3. Unit prices include labor, materials, tools, equipment, and incidentals for furnishing, driving, cutting off, capping, and disposing of cutoffs.

4. Test piles that become part of permanent foundation system will be considered as an integral part of the Work.

5. No payment will be made for rejected piles, including piles driven out of tolerance, defective piles, or piles damaged during handling or driving.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product indicated.

B. Shop Drawings: Show fabrication and installation details for piles, including details of driving shoes, tips or boots, and pile butt protection.

1.4 INFORMATIONAL SUBMITTALS

A. Round timber pile treatment data.

B. Pile-Driving Equipment Data: Include type, make, and rated energy range; weight of striking part of hammer; weight of drive cap; and, type, size, and properties of hammer cushion.

C. Pile-driving records.

D. Field quality-control reports.

PART 2 -  PRODUCTS

2.1 TIMBER PILES

A. Round Timber Piles: ASTM D 25, unused, clean peeled, one piece from butt to tip; of the following species and size basis:

Retain one option in first subparagraph below. Although coastal Douglas fir on West Coast and southern pine on East Coast prevail, other species may predominate in other regions.

1. Species: Coastal Douglas fir or Southern yellow pine.
Retain one option in subparagraph below. ASTM D 25 separately tabulates a range of butt and tip circumferences for timber piles as well as butt and tip circumferences for Class A and Class B piles. Tip circumference is specified solely for "8-inch (200-mm) tip and natural taper" piles. Typically, butt circumference is specified for friction piles, tip circumference for end-bearing piles. Indicate lengths and sizes here or on Drawings.

2. Size Basis: Butt circumference, Class A, Class B, Tip circumference 8-inch tip and natural taper.

Retain one option in paragraph below if applicable. AWPA C3 is the basic standard for preservative treatment of piles. AWPA C18 augments AWPA C3 for marine construction. AWPA C14 augments AWPA C3 for highway construction.

B. Pressure-treat round timber piles according to AWPA C3 as follows:

Retain one option in first subparagraph below. AWPA C3 sets retention rates of preservative treatments for different species according to service conditions, which are represented in AWPA C3 and AWPA C14. AWPA C18 applies only to marine construction. Revise subparagraph if minimum retention rates for preservative treatment are required.

1. Service Condition: Foundation.
Retain one option in subparagraph below. Oil-borne preservatives such as pentachlorophenol are not permitted by AWPA C3 for marine service. Last two options reflect provisions in AWPA C3, AWPA C14, and AWPA C18 for higher retentions of waterborne treatments or dual treatment of tropical water marine piles subject to severe borer hazard. Verify whether local restrictions of preservatives' VOCs apply.

2. Treatment: In accordance with the latest revision of AWPA Standard for treatment of Foundation Piles.
2.2 PILE ACCESSORIES

A. Driving Shoes: Fabricate from ASTM A 1011/A 1011M, hot-rolled carbon-steel strip to suit pile-tip diameter.

2.3 FABRICATION

A. Pile Tips: Cut and shape pile tips to accept driving shoes. Fit and fasten driving shoes to pile tips according to manufacturer's written instructions.

B. Pile Butt: Trim pile butt and cut perpendicular to longitudinal axis of pile. Chamfer and shape butt to fit tightly to driving cap of hammer.

C. Field-Applied Wood Preservative: Treat field cuts, holes, and other penetrations according to AWPA M4.

D. Pile-Length Markings: Mark each pile with horizontal lines at 12-inch intervals; label the distance from pile tip at 60-inch intervals.

PART 3 -  E
QUIPMENT

3.1 Equipment for Driving Piles520.20 Equipment for Driving Piles - Provide pile driving equipment meeting the following requirements:

A. Impact Pile Hammers - Provide a striking part of the hammer not less than one-third the mass (weight) of the helmet and pile being driven, but never less than 1250 kg (2,750 pounds).
1. Air-Steam Hammers - Provide power plant and equipment for air-steam hammers with sufficient capacity under working conditions to maintain the volume and pressure at the hammer specified by the manufacturer and with accurate pressure gauges easily accessible to the Engineer.

2. Open-End Diesel Hammers - Provide open-end (single‑acting) diesel hammers equipped with a device which allows the Engineer to visually determine hammer stroke at all times during pile driving operations.  Provide the Engineer with the hammer manufacturer's chart equating stroke and blows per minute.

3. Closed-End Diesel Hammers - Provide closed-end (double-acting) diesel hammers equipped with a bounce chamber pressure gauge, mounted near ground level so the Engineer can easily read it.  Before driving, provide the Engineer a chart calibrated within six months before first use on the Project to actual hammer performance, equating bounce chamber pressure to either equivalent energy or stroke.

4. Gravity Hammers - Provide gravity hammers that have a ram weighing between 900 kg (2,000 pounds) and 2200 kg (5,000 pounds) and a drop height of not more than 3 m (10 feet).  The mass (weight) of gravity hammers shall not be less than the combined mass (weight) of helmet and pile.

5. Hydraulic Hammers - Provide either single or double acting hydraulic hammers equipped with monitoring systems to measure impact velocity and determine equivalent energy and stroke. Locate monitoring systems for easy access by the Engineer.

B. Vibratory Hammers - Control installation of production piles with vibratory hammers according to the power consumption, rate of penetration, specified tip elevation, or other acceptable means which assure the pile resistance equals or exceeds the required nominal pile bearing resistance. After driving piles with a vibratory hammer, verify pile resistance (see 00520.42) by driving them with an impact hammer of suitable energy.  Do not use vibratory hammers to drive test piles or when preboring or jetting.

C. Driving Components:

1. Pile Cushion - Protect the heads of prestressed concrete piles with a pile cushion made of wood or other approved material.

The pile cushion shall be:

a. Equal to or greater in cross-sectional contact area than the pile head.

b. In full contact with the pile head.

c. No less than 4 inches thick, before driving begins, if made of plywood.

Provide a pile cushion for each pile.  Replace the pile cushion if, during the driving, the cushion is either compressed to less than one-half the original thickness or begins to burn.

2. Helmet - Equip piles driven with impact hammers with an adequate metal helmet.  The helmet shall:

a. Fit around the pile top.

b. Be axially aligned with the hammer and pile.

c. Distribute the hammer energy to the total cross section of the pile head.

d. Be guided by leads.

3. Hammer Cushion - Equip impact pile driving equipment with a suitable thickness of hammer cushion material to prevent damage to the hammer or pile and to insure uniform driving performance.  Provide hammer cushions of durable manufactured materials according to the hammer manufacturer's guidelines.  Do not use wood, wire rope, or asbestos hammer cushions.  Place a striker plate, as recommended by the hammer manufacturer, on the hammer cushion to insure uniform compression of the cushion material.

Inspect the hammer cushion in the presence of the Engineer at the beginning of pile driving at each structure or after each 100 hours of use during pile driving, whichever is less.  Replace the hammer cushion when its thickness becomes less than 75% of its original thickness.

4. Followers - Use a follower between the pile hammer and the pile to transmit energy when the pile head is below the reach of the hammer, if allowed by the Special Provisions or approved in writing.  If a follower is allowed, drive the first pile in each bent, and every tenth pile driven after that, full length without a follower.  Before additional piles are installed, verify that the first two piles installed with followers in each substructure unit meet the position and alignment criteria of 00520.41(f).
5. Leads - Support piles in line and position while driving.  Construct pile hammer leads to give the hammer freedom of movement while maintaining alignment of the hammer and the pile to insure concentric impact for each blow.  Leads shall be fixed unless the Engineer approves the use of swinging leads.  Fit swinging leads, when used, with a pile gate at the bottom of the leads.  To maintain alignment of batter piles, use horizontally braced swinging leads, adequately embedded in the ground, or rigidly attached to prevent movement during pile driving.

D. Approval of Pile-Driving Equipment:

1. General - Before beginning test pile or production pile driving, obtain approval in writing of pile driving equipment.

To obtain approval, complete and submit the Agency's "Pile and Driving Equipment Data" form at least 14 calendar days before pile driving begins.  A blank form is included in the Special Provisions or is available from the Engineer.  Within 14 calendar days of receiving the form, the Engineer will notify the Contractor of approval or rejection of the pile-driving equipment.

During pile-driving operations, no changes to the approved equipment will be permitted without the Engineer's written permission.  Submit a request for change on a "Pile and Driving Equipment Data" form.  The Engineer will give notification of approval or rejection within seven calendar days of receiving the form.  Time required for resubmission and review of a Contractor's equipment change request is not a basis for a Contract Time extension request unless the Engineer does not respond in seven calendar days.

2. Standard Evaluation Method - The standard method of evaluating driving equipment requires that the field-measured hammer energy be within the range of energy levels given in Table 316219-1 corresponding to the nominal pile bearing resistance shown. 

TABLE 316219-1 Pile Hammer Requirements 1
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Wave Equation Required

1 Using FHWA Gates equation except all driving criteria for double acting and differential hammers both air, steam and diesel will be by the wave equation analysis.

FHWA Gates Equation


Rn
=
1.75 (
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where:


Rn
=
Nominal Pile Bearing Resistance (kips).


E
=
Hammer energy (foot-pounds) at the ram stroke observed in the field.



=
W x H


W
=
Weight (pounds) of striking parts of hammer.


H
=
Height of fall (feet) of the ram measured during pile driving in the field.

         Log10(10N)
=
Logarithm to the base 10 of the quantity 10 multiplied by N.


N
=
Number of hammer blows per inch at final penetration to be sustained for 3




consecutive inches
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or N = 10 to the power in brackets.

The FHWA Gates equation is applicable only if:

· The hammer is in good condition and operating in a satisfactory manner

· The hammer has a free fall

· A follower is not used

· The head of the pile is not broomed or crushed


If during the pile-driving operation, the Engineer determines the hammer is not operating properly and is unable to drive the piles to the required resistance, do not use the hammer until repaired to the Engineer's satisfaction.


The required number of hammer blows indicated by the FHWA Gates equation at the nominal pile bearing resistance shall be at a rate between 3 and 15 blows per inch.

3. Wave Equation Method - Select a suitable hammer for driving piles and perform wave equation analyses.  Use the 1987 or newer version of the Wave Equation Analysis Program (WEAP).  Conduct the wave equation analyses using personnel qualified by training and experience to perform this type of work.
    Submit the WEAP analysis concurrent with the Pile and Driving Equipment Data Form.  The Engineer will approve or reject the pile driving equipment submittal after a review of the wave equation analysis conducted by the Contractor.

Provide pile hammers meeting the following requirements based on wave equation analysis:
a. The energy of the submitted hammer shall produce a wave equation predicted blow count between 3 and 15 blows per 25 mm (1 inch) for the nominal resistances, pile lengths and other conditions specified.
b. The pile stresses indicated by the wave equation at the nominal resistance shall not be greater than the stress at the point of impending damage to the pile as follows:
1) Steel Piles - Tensile and compressive stresses in the pile of 90% of the pile material’s yield strength for the grade of steel specified at any time during the pile installation.
2) Prestressed Concrete Piles:
A tensile stress of (.095
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A compressive stress of (0.85
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 = concrete compressive strength (ksi)

3) Timber Piles - A compressive driving stress of three times the allowable static design stress.

Hammers not meeting these requirements will be rejected.  Replace rejected hammers with suitable hammers.

Use input values for the wave equation analyses PROVIDED IN THE SPECIAL PROVISIONS according to the following:
a) Use the following settings and default values as input to the wave equation analysis program: 

         1. Output option (IOUT) zero. (normal option)

2. Rult is the nominal pile bearing resistance.
3. Smith damping.
4. Do not use residual stress option.
5. Default hammer efficiency values. Do not adjustment the hammer’s efficiency outside of the wave equation program recommended (default) values without prior concurrence of both the pile hammer manufacturer and the Engineer.
6. % skin is the percent skin friction.
A Pile Driving Analyzer (PDA) test may be required prior to approval of non-default wave equation input values.

b) At a minimum, provide the following information and documentation:

1. A written summary of how the proposed hammer and associated equipment meets the specifications regarding blow count criteria and allowable pile stresses.

2. Electronic and paper copies of the wave equation input and output files. Output files shall be in the standard WEAP output format.

3. WEAP analysis demonstrating that for the required nominal bearing resistances and conditions provided, the hammer will produce pile stresses less than those described above for the range of hammer strokes expected in the field.

4. The "Pile and Driving Equipment Data" form.

5. WEAP hammer input files for hammers not in the wave equation default hammer files.

c)      For reviewing and approving of the wave equation analysis submittals, the following will be taken into consideration:
1. The pile length for use in the WEAP analysis will be the total pile length at the end of driving, including all pile length above the ground surface.  This length may be longer than the Engineers Estimated length depending on the site conditions, equipment used, pile hammer access limitations and other factors.

2. The properties and thicknesses of the hammer and pile cushion materials.

3. Various hammer types such as direct-drive diesel, standard diesel, air/steam or hydraulic hammers have major effects on predicted stresses and blow counts.
4. Changes in pile type or size will affect the blow count rate and pile stresses.
5. Battered piles may effect hammer energy transfer and blow counts.
Failure to address these issues may be cause for rejection of the proposed pile hammer.
The size of the pile hammer selected according to the above specification may have significant impacts on the size and capacity of associated equipment including the leads and crane.  This equipment, in turn, may have significant impacts on the size and capacity of work bridges, shoring required for existing structures or other aspects and elements of construction.
Failure of a previously approved hammer to operate properly during construction will be cause for rejection.
PART 4 -  EXECUTION

4.1 DRIVING PILES

Indicate tip elevations and limiting penetration resistance on Drawings or insert here.

A. General: Continuously drive piles to elevations or penetration resistance indicated. Establish and maintain axial alignment of leads and piles before and during driving.

B. Heaved Piles: Redrive heaved piles to tip elevation at least as deep as original tip elevation with a driving resistance at least as great as original driving resistance.

C. Driving Tolerances: Drive piles without exceeding the following tolerances, measured at pile heads:

Review tolerances in three subparagraphs below and revise to suit Project or office standards.

1. Location: 4 inches from location indicated after initial driving, and 6 inches after pile driving is completed.

2. Plumb: Maintain 1 inch in 4 feet from vertical, or a maximum of 4 inches, measured when pile is aboveground in leads.

3. Batter Angle: Maximum 1 inch in 4 feet from required angle, measured when pile is aboveground in leads.

D. Withdraw damaged or defective piles and piles that exceed driving tolerances and install new piles within driving tolerances. Fill holes left by withdrawn piles as directed by Architect.

E. Cutting Off: Cut off butts of driven piles square with pile axis and at elevations indicated.

F. Pile-Driving Records: Maintain accurate driving records for each pile, compiled and attested to by a qualified professional engineer.

4.2 FIELD QUALITY CONTROL

A. Special Inspections: Engage a qualified special inspector to perform the following special inspections:

1. Pile foundations.

B. Testing Agency: Engage a qualified independent testing agency to perform tests and inspections.

C. Tests and Inspections:

1. Dynamic Pile Testing: High-strain dynamic monitoring shall be performed and reported according to ASTM D 4945 during initial driving and during restriking on three (3) piles.

END OF SECTION 316219
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