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STRUCTURES FOUNDATIONS (DESIGN BUILD).
(REV 107-2814-21) (FA 7-19-21) (71-22)

SECTION 455 is deleted and the following substituted:

SECTION 455
STRUCTURES FOUNDATIONS
Index
AL GENEIAL....oiiecce s 455-1 through 455-2
B PHING . 455-3 through 455-12
C. Drilled ShaftS.........ccocoiieiiiieiece e 455-13 through 455-24
D. Spread FOOTINGS. .......cccoiiiiiiiieieieee e 455-25 through 455-37
E. Structures (Other Than Bridge) Foundations-
Auger Cast PIleS.........ccoiiiiiiic 455-38 through 455-50
A. GENERAL

455-1 General Requirement.

The Contractor may examine available soil samples and/or rock cores obtained during the
preliminary soil boring operations at the appropriate District Materials Office or designated
storage location.

455-1.1 Monitor Existing Structures: Monitor existing structures in accordance with
Section 108.

455-1.2 Excavation: Complete all excavation of the foundations prior to installing piles
or shafts unless otherwise authorized by the Engineer. After completing pile/shaft installation,
remove all loose and displaced materials from around the piles/shafts, leaving a clean, solid
surface. Compact the soil surface on which concrete is to be placed or which will support the
forming system for the concrete to support the load of the plastic concrete without settling or
causing the concrete to crack, or as shown in the Contract Documents.

455-1.2.1 Abutment (End Bent) Fill: Place and compact the fill before installing
end-bent piling/shafts, except when driving specified test piling in end bents or when the Plans
show uncased piles through proprietary retaining wall fills.

When installing piles/shafts or casing prior to placing fill, take necessary
precautions to prevent displacement of piles/shafts during placing and compacting fill materials
within 15 feet of the piles/shafts or casing. Reference and check the position of the piles/shafts or
casing at three approximately equal intervals during construction of the embankment.

Place embankment material in 6 inch compacted lifts in the 15 foot area
around the piles/shafts or casing. Compact embankment material within the 15 foot area adjacent
to the piles/shafts or casing to the required density with compaction equipment weighing less
than 1,000 pounds. When installing piles/shafts prior to the completion of the surrounding fills,
do not cap them until placing the fills as near to final grade as possible, leaving only the
necessary working room for construction of the caps.

When shown in the Plans, provide permanent casings installed prior to
placement of the fill, for all drilled shafts through mechanically stabilized fills (for example,
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behind proprietary retaining walls) for shafts installed after fill placement. Install temporary
casings through the completed conventional fill when permanent casings are not required.

Provide permanent casings, if required, before the fill is placed extending
a sufficient distance into the existing ground to provide stability to the casings during
construction of the abutment fill.

455-1.3 Cofferdams: Construct cofferdams as detailed in the Plans. When cofferdams
are not detailed in the Plans, employ a qualified Specialty Engineer to design cofferdams, and to
sign and seal the plans and specification requirements. Send the designs to the Engineer for his
records before beginning construction.

Provide a qualified diver and a safety diver to inspect the conditions of the
foundation enclosure or cofferdam when the Contract Documents require a seal for construction.
Equip these divers with suitable voice communications, and have them inspect the foundation
enclosure and cofferdam periphery including each sheeting indentation and around each piling or
drilled shaft to ensure that no layers of mud or other undesirable materials were left above the
bottom of seal elevation during the excavation process. Also have the divers check to make sure
the surfaces of the piles or drilled shafts are sufficiently clean to allow bond of the concrete
down to the minimum bottom of seal elevation. Ensure that there are no mounds of stone, shell,
or unapproved backfill material left after placement and grading. Ensure that the seal is placed as
specified and evaluate the adequacy of the foundation soils or rock. Correct any deficiencies
found by the divers. Upon completion of inspection by the divers, the Department may also elect
to inspect the work before authorizing the Contractor to proceed with subsequent construction
operations. Submit a written report by the divers to the Engineer indicating the results of their
underwater inspection before requesting authorization to place the seal concrete.

455-1.4 Vibrations on Freshly Placed Concrete (Drilled Shafts and Piers): Ensure
that freshly placed concrete is not subjected to peak particle velocities greater than 1.5 inches per
second from vibration sources located within 30 feet (from the nearest outside edge of freshly
placed concrete to the vibration source) until that concrete has attained its final set as defined by
ASTM C403 except as required to remove temporary casings before the drilled shaft elapsed
time has expired.

455-2 Static Compression Load Tests.

455-2.1 General: Employ a professional testing laboratory, or Specialty Engineer with
prior load test experience on at least three projects, to conduct the load test in compliance with
these Specifications, to record all data, and to submit signed and sealed reports of the test results
to the Engineer.

Perform the load test by applying a load up to the load required in the Contract
Documents or to the failure load, whichever occurs first.

Do not apply test loads to piles sooner than 48 hours (or the time interval shown
in the Plans) after driving of the test pile or reaction piles, whichever occurs last.

Do not begin static load testing of drilled shafts until the concrete has attained a
compressive strength of 3,400 psi. The Contractor may use high early strength concrete to obtain
this strength at an earlier time to prevent testing delays.

Provide all equipment, materials, labor, and personnel required to conduct the
load tests, including determination of anchor reaction member depths. In this case, provide a
loading apparatus designed to accommodate the maximum load plus an adequate safety factor.

While performing the load test, provide safety equipment, and employ safety
procedures consistent with the latest approved practices for this work. Include with these safety
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procedures, adequate support for the load test plates and jack to prevent them from falling in the
event of a release of load due to hydraulic failure, test pile/shaft failure, or any other cause.

455-2.2 Loading Apparatus: Provide an apparatus for applying the vertical loads as
described in one of the following:

1. As shown and described in the Contract Documents.

2. As supplied by the Contractor, one of the following devices designed to
accommodate a load at least 20% higher than the test load shown in the Plans or described herein
for test loads:

a. Load Applied by Hydraulic Jack Acting Against Weighted Box or
Platform: Construct a test box or test platform, resting on a suitable support, over the pile, and
load it with material with a total weight greater than the anticipated maximum test load. Locate
supports for the weighted box or platform at least 6 feet or three pile/shaft diameters, whichever
is greater, measured from the edge of the pile or shaft to the edge of the supports. Insert a
hydraulic jack with pressure gauge between the test pile or shaft and the underside of the reaction
beam, and apply the load to the pile or shaft by operating the jack between the reaction beam and
the top of the pile or shaft.

b. Load Applied to the Test Pile or Shaft by Hydraulic Jack Acting
Against Anchored Reaction Member: Construct reaction member anchorages in accordance with
article 6.3 of ASTM D1143. Attach a girder(s) of sufficient strength to act as a reaction beam to
the upper ends of the anchor piles or shafts. Insert a hydraulic jack with pressure gauges between
the head of the test pile/shaft and the underside of the reaction beam, and apply the test load to
the pile/shaft by operating the jack between the reaction beam and the pile/shaft head.

If using drilled shafts with bells as reaction member anchorages,
locate the top of the bell of any reaction shaft anchorage at least three shaft diameters below the
bottom of the test shaft.

c. Combination Devices: The Contractor may use a combination of
devices (a) and (b), as described above, to apply the test load to the pile or shaft.

d. Other systems proposed by the Contractor and accepted by the
Engineer: When necessary, provide horizontal supports for loading the pile/shaft, and space them
so that the ratio of the unsupported length to the minimum radius of gyration of the pile does not
exceed 120 for steel piles, and the unsupported length to the least cross-section dimension does
not exceed 20 for concrete piles or drilled shafts. Ensure that horizontal supports provide full
support without restraining the vertical movement of the pile/shaft in any way.

When required by the Contract Documents, apply a horizontal load to the
pile/shaft either separately or in conjunction with the vertical load. Apply the load to the test
pile/shaft by hydraulic jacks, jacking against Contractor provided reaction devices. After
receiving the Engineer’s acceptance of the proposed method of load application, apply the
horizontal load in increments, and relieve it in decrements as required by the Contract
Documents.

455-2.2.1 Modified Quick Test:

1. Loading Procedure: Apply vertical loads concentric with the longitudinal axis
of the tested pile/shaft to accurately determine and control the load acting on the pile/shaft at any
time. Place the load on the pile/shaft continuously, in increments equal to approximately 5% of
the maximum test load specified until approaching the failure load, as indicated by the measuring
apparatus and/or instruments. Then, apply increments of approximately 2.5% until the pile/shaft
“plunges” or attains the limiting load. The Specialty Engineer may elect to stop the loading
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increments when the pile/shaft has met the failure criteria or when a settlement equal to 10% of
the pile/shaft width or diameter is reached. Apply each load increment immediately after taking
and verifying the complete set of readings from all gauges and instruments. Apply each
increment of load within the minimum length of time practical, and immediately take the
readings. Complete the addition of a load increment and the completion of the readings within 5
to 15 minutes. Hold the maximum applied load for one hour.

Remove the load in decrements of about 10% of the maximum test load.
Remove each decrement of load within the minimum length of time practical, and immediately
take the readings. Complete the removal of a load decrement and the taking of the readings
within 5 to 15 minutes. The Engineer may also require up to two reloading cycles with five
loading increments and three unloading decrements. Record the final recovery of the pile/shaft
until movement is essentially complete for a period of one hour after the last unload interval.

2. Failure Criteria and Nominal Resistance: Use the criteria described herein to
establish the failure load. The failure load is defined as the load that causes a pile/shaft top
deflection equal to the calculated elastic compression plus 0.15 inches plus 1/120 of the
pile/shaft minimum width or the diameter in inches for piles/shafts 24 inches or less in width,
and equal to the calculated elastic compression plus 1/30 of the pile/shaft minimum width or
diameter for piles/shafts greater than 24 inches in width. Consider the nominal resistance of any
pile/shaft so tested as either the maximum applied load or the failure load, whichever is smaller.

455-2.3 Measuring Apparatus: Provide an apparatus for measuring movement of the
test piles/shafts that consists of all of the following devices:

1. Wire Line and Scale: Stretch a wire between two secure supports located at a
distance at least:

a. 10 feet from the center of the test pile but not less than 3.5 times the pile
diameter or width.

b. 12 feet from the centerline of the shaft to be tested but not less than
three shaft diameters.

Locate the wire supports as far as practical from reaction beam anchorages. At
over-water test sites, the Contractor may attach the wire line to the sides of the service platform.
Mount the wire with a pulley on one support and a weight at the end of the wire to provide
constant tension on the wire. Ensure that the wire passes across the face of a scale mounted on a
mirror attached to the test pile/shaft so that readings can be made directly from the scale. Use the
scale readings as a check on an average of the dial readings. When measuring both horizontal
and vertical movement, mount separate wires to indicate each movement, horizontal or vertical.
Measure horizontal movements from two reference wires set normal to each other in a
horizontal.

2. Wooden Reference Beams and Dial Gauges: Attach wooden reference beams
as detailed in the Plans and accepted by the Engineer to independent supports. For piles, install
the independent supports at the greater of 3.5 times the pile diameter or width or 10 feet from the
centerline of the test pile. For drilled shafts, install independent supports at the greater of three
shaft diameters or 12 feet from the centerline of the shaft to be tested. Locate the reference beam
supports as far as practical from reaction beam anchorages. For over-water test sites, the
Contractor may attach the reference beams between two diagonal platform supports. Attach dial
gauges, with their stems resting either on the top of the pile/shaft or on lugs or similar reference
points on the pile/shaft, to the fixed beams to record the movement of the pile/shaft head. Ensure
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that the area on the pile/shaft or lug on which the stem bears is a smooth surface which will not
cause irregularities in the dial readings.

Provide a minimum of four dial gauges, each with 0.001 inch divisions
and with 2 inch minimum travel, placed at 90 degree intervals for measuring vertical or
horizontal movement.

3. Survey Level: As a check on the dial gauges, determine the elevation of a point
near the top of the test pile/shaft (on plan datum) by survey level at each load and unload interval
during the load test. Unless accepted otherwise by the Engineer, level survey precision is
0.001 foot. Alternately, the surveyor may read an engineer’s 50 scale attached near the pile/shaft
head. Determine the first elevation before applying the first load increment; make intermediate
readings immediately before a load increment or an unload decrement, and after the final unload
decrement that completely removes the load. Make a final reading at the time of the last recovery
reading.

For over-water test sites, when shown in the Plans or directed by the
Engineer, the Contractor shall, drive an H pile through a 36 inch casing to provide a stable
support for the level and to protect it against wave action interfering with level measurements.
Provide a suitable movable jig for the surveyor to stand. Use a jig that has a minimum of three
legs, has a work platform providing at least 4 feet width of work area around the casing, and is
accepted by the Engineer before use. The described work platform may be supported by the
protective casing when accepted by the Engineer.

455-2.4 Load Test Instrumentation:

1. General: The intent of the load test instrumentation is to measure the test load
on top of the pile/shaft and its distribution between side friction and end bearing to provide
evaluation of the preliminary design calculations and settlement estimates and to provide
information for final pile/shaft length design. Ensure that the instrumentation is as described in
the Contract Documents.

Supply 110 V, 60 Hz, 30 A of AC electric power in accordance with the
National Electric Code (NEC) to each test pile/shaft site during the installation of the
instrumentation, during the load testing, and during any instrumented set-checks/redrives.

Place all of the internal instrumentation on the rebar cage before
installation in the test shaft. Construct the rebar cage at least two days before it is required for
construction of the test shaft. Successfully demonstrate the lifting and handling procedures
before installing the instrumentation. Place the instrumented rebar cage in one segment without
causing damage to the instrumentation.

2. Hydraulic Jack and Load Cell: Provide hydraulic jack(s) of adequate size to
deliver the required test load to the pile/shaft unless shown otherwise in the Plans. Before load
testing begins, submit a certificate from a reputable testing laboratory showing a calibration of
gauge readings for all stages of jack loading and unloading for jacks provided. Ensure that the
jack has been calibrated within the preceding six months. Ensure that the accuracy of the gauge
is within 5% of the true load.

Provide an adequate load cell accepted by the Engineer that has been
calibrated within the preceding six months. Provide an approved electrical readout device for the
load cell. Submit a certificate from an independent laboratory showing a calibration of readings
for all stages of loading and unloading for load cells furnished by the Contractor and obtain the
approval of the Engineer before beginning load testing. Ensure that the accuracy of the load cell
is within 1% of the true load.
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3. Telltales: When shown in the Contract Documents, install telltales that consist
of an unstressed steel rod, greased for reducing friction and corrosion, with appropriate clearance
inside a constant-diameter pipe that rests on a flat plate attached to the end of the pipe at the
point of interest shown in the Plans. Construct telltales in accordance with the Contract
Documents. Install dial gauges reading to 0.001 inch with 1 inch minimum travel as directed by
the Specialty Engineer to measure the movement of the telltale with respect to the top of the
pile/shaft.

4. Embedded Strain Gauges: Install strain gauges in the test shaft to measure the
distribution of the load. Ensure that the type, number, and location of the strain gauges are as
shown in the Plans or as directed by the Geotechnical Foundation Design Engineer of Record
(GFDEOR). Use strain gauges that are waterproof and have suitable shielded cable that is
unspliced within the shaft. In drilled shafts provide sufficient instrumentation to determine side
friction components in segments no longer than 5 feet and the end bearing component.

5. Caliper: Provide a caliper tool or system to measure accurately and
continuously the shape of test shafts prior to placing concrete.

455-2.5 Support Facilities: Furnish adequate facilities for making load and settlement
readings 24 hours per day. Provide such facilities for the instrumented area, and include lighting
and shelter from rain, wind, and direct sunlight.

455-2.6 Load Test Personnel Furnished by the Contractor: Provide a certified welder,
together with necessary cutting and welding equipment, to assist with the load test setup and to
make any necessary adjustments during the load test. Provide personnel to operate the jack,
generators, and lighting equipment, and also provide one person with transportation to assist as
required during load test setup and conducting of the load tests. Provide qualified personnel, to
read the dial gauges, take level measurements, and conduct the load test under the direct
supervision of the Specialty Engineer.

455-2.7 Cooperation by the Contractor: Cooperate with the Department, and ensure
that the Department has access to all facilities necessary for observation of the conduct and the
results of the test.

455-2.8 Required Reports: Submit a static load test report signed and sealed by the
Specialty Engineer to the Engineer for review and acceptance, at least three working days,
excluding weekends and Department observed holidays, prior to beginning production pile/shaft
construction. Include in the report of the load test the following information:

1. A tabulation of the time of, and the amount of, the load and settlement
readings, and the load and recovery readings taken during the loading and unloading of the
pile/shaft.

2. A graphic representation of the test results, during loading and unloading of
pile/shaft top movement as measured by the average of the dial gauge readings, from wireline
readings and from level readings.

3. A graphic representation of the test results, when using telltales, showing
pile/shaft compression and pile/shaft tip movement.

4. The estimated failure and safe loads according to the criteria described herein.

5. The derived side friction component for each pile/shaft segment, and end
bearing component. Include all pertinent test data, analysis and charts used to determine these
values.

6. Remarks concerning any unusual occurrences during the loading of the
pile/shaft.
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7. The names of those making the required observations of the results of the load
test, the weather conditions prevailing during the load test, and the effect of weather conditions
on the load test.

8. All supporting data including jack and load cell calibrations and certificates and
other equipment requiring calibration.

9. All data taken during the load test together with instrument calibration
certifications. In addition, submit a report showing an analysis of the results of axial load and
lateral load tests in which soil resistance along and against the pile/shaft is reported as a function
of deflection.

10. For drilled shafts, include all cross-hole sonic logging results, gamma-gamma
density logging results, the results of other integrity tests, caliper measurements data and the
pilot holes reports of core borings. Attach this report to the final authorized tip elevations letter
in accordance with 455-15.6.

11. For piles, include pile driving records, and dynamic testing data and analysis.

12. Submit a signed & sealed letter to the Department confirming the design
assumptions were verified by the load tests before proceeding with production foundation
construction.

455-2.9 Disposition of Loading Material: Remove all equipment and materials, which
remains the Contractor’s property, from the site. Clean up and restore the site to the satisfaction
of the Engineer.

455-2.10 Disposition of Tested Piles/Shafts: After completing testing, cut off the tested
piles/shafts, which are not to be incorporated into the final structure, and any reaction piles/shafts
at an elevation 24 inches below the finished ground surface. Take ownership of the cut-offs and
provide areas for their disposal.

B. PILING

455-3 General.

Furnish and install concrete, steel, or wood piling including driving, jetting, preformed
pile holes, cutting off, splicing, dynamic load testing, and static load testing of piling. Prior to
driving, clearly mark the piles to facilitate inspection. Provide individual straight-line marks at 1-
ft intervals numbered at least every 5 ft. Use markers or lumber crayons or paint marks that can
be easily observed by the inspector. Ensure marks are spaced uniformly and perpendicular to the
face of the pile. Face pile so that the pile markings are easily visible to the pile inspector. Provide
inch marks as needed when set checks or practical refusal checks are required.

In the event a pile is broken or otherwise damaged by the Contractor to the extent that the
damage is irreparable, in the opinion of the Engineer, the Contractor shall extract and replace the
pile at no additional expense to the Department. In the event that a pile is mislocated by the
Contractor, the Contractor shall extract and replace the pile, at no expense to the Department,
except when a design change proposed by the Contractor is approved by the Department as
provided in 455-5.16.5.

455-4 Classification.
The Department classifies piling as follows:
1. Treated timber piling.
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2. Prestressed concrete piling.
3. Steel piling.
4. Test piling.
5. Sheet piling.
a. Concrete sheet piling.
b. Steel sheet piling.
6. Polymeric Piles (see Section 471 for requirements).

455-5 General Construction Requirements.

455-5.1 Predrilling of Pile Holes: Predrilled pile holes are either starter holes to the
depth described in this Subarticle or holes drilled through embankment/fill material down to the
natural ground surface at no additional cost to the Department. When using low displacement
steel piling such as structural shapes, drive them through the compacted fill without the necessity
of drilling holes through the fill except when the requirements for predrilling are shown in the
Plans. When using concrete or other high displacement piles, drill pile holes through fill, new or
existing, to at least the elevation of the natural ground surface. Use the range of drill diameters
listed below for square concrete piles.

12 inch square piles..........ccccevuenee. 15 to 17 inches
14 inch square piles........ccccevenenen. 18 to 20 inches
18 inch square piles..........ccccevvenee. 22 to 26 inches
20 inch square piles........c.cccevvenenne. 24 to 29 inches
24 inch square piles........cccceoveeneen. 30 to 34 inches
30 inch square piles........c..cccevennenne. 36 to 43 inches

For other pile sizes, use the diameter of the drills shown in the Plans or accepted
by the Engineer. Accurately drill the pile holes with the hole centered over the Plan location of
the piling. Maintain the location and vertical alignment within the tolerances allowed for the
piling.

For predrilled holes required through rock or other hard (i.e. debris, obstructions,
etc.) materials that may damage the pile during installation, predrill hole diameters
approximately 2 inches larger than the largest dimension across the pile cross-section. Fill the
annular space around the piles as described in 455-5.10.1 with clean A-3 sand or sand meeting
the requirements of 902-3.3.

In the setting of permanent and test piling, the Contractor may initially predrill
holes to a depth up to 20% of the test pile length, unless required otherwise by the Engineer or
the plans. Predrill holes for production piles in the same manner as the test piles. When installing
piles in compacted fill, predrill the holes to the elevation of the natural ground surface. With
prior written authorization from the Engineer, the Contractor may predrill holes to greater depths
to minimize the effects of vibrations on existing structures adjacent to the work or for other
reasons the Contractor proposes.

455-5.2 Underwater Driving: Underwater driving is defined as any driving through
water which is above the pile head at the time of driving.

When conducting underwater driving, provide a diver equipped with voice
communications to aid in placing the hammer back on the pile for required cushion changes or
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for subsequent redriving, to attach or recover instrumentation, to inspect the condition of the pile,
or for other assistance as required.

Select one of the following methods for underwater driving:

1. Accomplish underwater driving using conventional driving equipment
and piling longer than authorized so that the piling will extend above the water surface during
final driving. When choosing this option, furnish a pile hammer that satisfies the requirements of
this Section for use with the longer pile.

2. Accomplish underwater driving using an underwater hammer that meets
the requirements of this Section and is accepted by the Engineer. When choosing this option,
provide at least one pile longer than authorized at each pile group, extending above the water
surface at final driving. At each group location, drive the longer pile first. Evaluate the adequacy
of the underwater driving system. Use the pile tip elevation of the longer pile to evaluate the
acceptability of the piles driven with the underwater hammer.

3. Accomplish underwater driving using conventional driving equipment
with a suitable pile follower. When choosing this option, provide at least one pile longer than
required at each pile group, extending above the water surface at final driving. At each group
location, drive the full length pile first without using the follower. Perform a dynamic load test
on the first pile driven with the follower in each group. Use the pile tip elevation of the longer
pile to evaluate the acceptability of the piles driven with the follower.

Prior to use, submit details of the follower to the Engineer along with the
information required in 455-10. Include the weight, cross-section details, stiffness, type of
materials, and dimensions of the follower.

455-5.3 Pile Hammers: All equipment is subject to satisfactory field performance during
and without dynamic testing. Use a variable energy hammer to drive concrete piles. Hammers
will be rated based on the theoretical energy of the ram at impact. Supply driving equipment
which provides the required resistance at a blow count ranging from 3 blows per inch (36 blows
per foot) to 10 blows per inch (120 blows per foot) at the end of initial drive. When the stroke
height or bounce chamber pressure readings do not adequately determine the energy of the
hammer, provide and maintain a device to measure the velocity of the ram at impact. Determine
the actual hammer energy in the field so that it is consistent with the hammer energy used for
each bearing capacity determination. When requested, submit to the Engineer all technical
specifications and operating instructions related to hammer equipment.

455-5.3.1 Air/steam: Variable energy air/steam hammers shall be capable of
providing at least two ram stroke lengths. The short ram stroke length shall be approximately
half of the full stroke for hammers with strokes up to 4 feet and no more than 2 feet for hammers
with maximum strokes lengths over 4 feet. Operate and maintain air/steam hammers within the
manufacturer’s specified ranges. Use a plant and equipment for steam and air hammers with
sufficient capacity to maintain, under working conditions, the hammer, volume and pressure
specified by the manufacturer. Equip the plant and equipment with accurate pressure gauges
which are easily accessible. Drive piles with air/steam hammers operating within 10% of the
manufacturer’s rated speed in blows per minute. Provide and maintain in working order for the
Engineer’s use an approved device to automatically determine and display the blows per minute
of the hammer.

455-5.3.2 Diesel: Variable energy diesel hammers shall have at least three fuel
settings that will produce reduced strokes. Operate and maintain diesel hammers within the
manufacturer’s specified ranges. Determine the rated energy of diesel hammers using measured
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ram stroke length multiplied by the weight of the ram for open end hammers and by methods
recommended by the manufacturer for closed end hammers.

Provide and maintain in working order an approved device to
automatically determine and display ram stroke for open-end diesel hammers.

Equip closed-end (double acting) diesel hammers with a bounce chamber
pressure gauge, in good working order, mounted near ground level so it can be easily read. Also,
submit to the Engineer a chart, calibrated to actual hammer performance within 30 days prior to
initial use, equating bounce chamber pressure to either equivalent energy or stroke for the
closed-end diesel hammer to be used.

455-5.3.3 Hydraulic: Variable energy hydraulic hammers shall have at least three
hydraulic control settings that provide for predictable energy or equivalent ram stroke. The
shortest stroke shall be a maximum of 2 feet for the driving of concrete piles. The remaining
strokes shall include full stroke and approximately halfway between minimum and maximum
stroke.

Supply hammer instrumentation with electronic read out, and control unit
that allows the inspector and Engineer to monitor, and the operator to read and adjust the
hammer energy or equivalent ram stroke. When pressure measuring equipment is required to
determine hammer energy, calibrate the pressure measuring equipment before use.

455-5.3.4 Vibratory: Vibratory hammers of sufficient capacity (force and
amplitude) may