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Pile Driving Inspection

Class Agenda

Day 1

1:00 PM Course Introductions

1:15 PM Overview of Pile Foundation - Design and Construction
1:30 PM Pile Types

2:00 PM Pile Driving Equipment

2:40 PM Break

3:00 PM Plan Sheets and Geology

3:30 PM The Bearing Formula

4:10 PM Break

4:20 PM Record Keeping - Form 217
5:00 PM Adjourn

Day 2

8:00 AM Welded Pile Splices

8:40 AM  Test Piles and Test Pile (Specials)
9:00 AM  The Pile Drive Analyzer

9:40 AM Break

10:00 AM  The Inspector’s Role

10:45 AM  Field Problems

11:30 AM  Lunch

12:45PM  KDQT Specifications

1:45 PM Questions, discussion and catch up

2:00 PM

Test
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Reasons for Certified Inspector Training (CIT) Training Program

Overview

The Kansas Department of Transportation (KDOT) has established this training program
to educate, test and certify those individuals responsible for performing inspection and testing
functions on KDOT construction projects. KDOT’s Bureau of Construction and Materials has
responsibility for the establishment and administration of the materials portion of the KDOT’s
Quality Control/Quality Assurance (QC/QA) Program. The Bureau develops standards and
specifications for materials, establishes sampling procedures and frequencies, and test
procedures used in the laboratory and the field in order to assure compliance with
specifications. It performs materials testing to assist each of the six KDOT districts in
administering quality assurance functions of the QC/QA Program. Such testing includes tests on
materials purchased by contractors or the State for use in maintenance or construction
activities. The Bureau also conducts tests on soils, concrete, bituminous mixtures and
numerous other specialized materials, the results of which are used by others for a variety of
reasons.

Quality control and quality assurance activities involve the routine sampling, testing and
analysis of various materials to determine the quality of a given product and to attain a quality
product. The goal of the Certified Inspection and Testing Training Program (CIT?) is to provide
persons engaged in the inspection and/or testing of KDOT construction projects specific training
in, but not limited to, soils, aggregates, and concrete and/or asphalt disciplines.

Each student is required to demonstrate specific abilities as defined by the training
modules described in the CIT?> manual. The manual can be found online at:

http://www.ksdot.org/descons.asp#CIT.

Federal Funding

On projects involving federal funds, KDOT must certify to the Federal Highway
Administration as to the quality of each type of material used on each project before the State
is completely reimbursed by the federal government.

The certification and training requirements contained in this manual are intended to
comply with the requirements of 23 CFR Part 637 which states, “After June 29, 2000, all
sampling and testing data to be used in the acceptance decision or the IA (Independent
Assurance) program shall be executed by qualified sampling and testing personnel.”

Reasons for Quality Control/Quality Assurance

Inspectors fulfill a very important job on any project—they safeguard the public interest
in a number of ways.



The primary reason for materials inspection, sampling and testing requirements is to
verify that all materials incorporated into the work will meet the requirements of the contract
documents, including the plans, specifications, and special provisions.

Plans and specifications are prepared to require the use of certain specific materials
known or expected to perform satisfactorily with minimum maintenance throughout the life of
the facility or infrastructure project. Any material that deviates appreciably from the
specifications requirements will not perform as expected and, in all probability, will shorten the
useful life of the facility or add unexpected costs in maintenance. Because there are limited
dollars available for transportation infrastructure, the useful life and long-term maintenance
costs of every project are critical considerations.

Secondly, all contractors bidding or furnishing materials to a project should be treated
equally. That is, the contract documents provide a fair and uniform basis for bidding because
they define the requirements to be met--ideally with the least possible difference of
interpretation. The contractor commits to furnish materials and complete work that will equal
or exceed such requirements. For this reason it is essential that quality assurance be correctly
understood and applied uniformly by engineers and inspectors from project-to-project so that
all contractors and suppliers are treated alike.

Thirdly, the expenditure of public funds must be documented to substantiate whether
taxpayers actually received the quantity and quality of materials specified in exchange for tax
dollars spent. Whether or not to pay the costs invoiced by contractors is a decision which relies
heavily upon inspection reports and test results. In a fundamental way, inspectors play a key
role in serving the public--to justify the expenditure of public monies and the acceptance of any
contractor’s work. Through the work of knowledgeable, competent and skilled inspectors,
KDOT can verify and confirm whether or not the contractor has fulfilled its obligations to build
the project as intended.

Finally, the specification requirements for materials are constantly evolving, based on
new developments, past performance of material in the field, research and technological
innovations. Accurate recordkeeping of materials and test results using consistent inspection
practices provides a basis to compare results over time—an indispensable advantage for
meaningful research. Data properly collected and recorded by inspectors can confirm whether
or not changes in material specifications and testing requirements have, in fact, resulted in a
better product, state-wide or in a particular location or application.

All inspectors should review the applicable clauses of the Standard Specifications at
regular intervals to refresh their understanding of material and testing requirements.



Overview of Pile Foundations

Driven Pile Types

Pile Driving Equipment

Plan Sheets and the Geology
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The Pile Driving Analyzer and Restrike
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Field Problems

KDOT Standard Specifications

Section 704 - Piling

Bridge Construction Manual Pile 5.3



Overview of
Pile
Foundation
Design and
Construction

This class is concerned
with the installation of
driven pile.

Driven pile are
hammered into the
ground, where they
develop resistance
from the soil or rock.

The bridge load is *
transferred to the -
soil or rock by
resistance along
the length of the T
pile... —

...and resistance -,
from the tip. ———> T




Piles which get
most of their
resistance from
friction along the
side are
commonly called
friction piles.

Piles which get
most of their
resistance from
the tip are
referred to as
end-bearing piles.

Pile foundations are
used for bridges in
two general ways:

1) Abutments of most KDOT bridges

Current KDOT design practice prefers
piling for abutments. Pile abutments
tend to flex better with changes in
temperature, putting less strain on
the spans.




Pile foundations are
used for bridges in
two general ways:

2) Both Abutments and Piers of bridges in
many parts of the state.

In central and western Kansas,
bedrock is often too deep to use
spread footings or drilled shafts.

This means you will
be driving piles:

to a required resistance
(usually)

or to a predetermined depth
(occasionally, to get below a certain
elevation in case some of the soils get
scoured away during a storm)

At the same time, you will be
expected to make sure we:

Don’t damage the piling

Avoid expensive overruns by
driving more than necessary




Unfortunately...

There is a complex interaction
between the pile and the
surrounding soil. And so things

can get complicated in the field.

10
So what
are we
trying to
learn
here?
11

Pile driving terms and equipment
How to prepare for a piling project

How to calculate resistance

Where to find what you need in KDOT
specifications and manuals

12




What to do in the field, and where to start if
you have problems

How to read a Geology Report and
Engineering Geology sheet like a champ

13




General Pile Types

»Foundation piles
» Structural Support g

»Sheet pile
»Retention

General Pile Types

»Foundation piles
» Structural Support

»Sheet pile
»Retention




Pile Design Designation

Load from .
Super structure (Q)

Ground
T T Level
e
T T stiffness as
Frictional depth increases
Hard Strata Force I T
End bearing
End bearing Friction
Pile pile
Pile Arrangement
>Pile Bents
»Pile Groups
Pile Arrangement
»>Pile Bents

»>Pile Groups




Pile Arrangement
> Pile Bents

»Pile extends into the superstructure
»Usually a single row of piles
»Encased in concrete wall

Pile Arrangement
> Pile Bents

»Pile extends into the superstructure
»Usually a single row of piles
»Encased in concrete wall

Pile Arrangement

> Pile Bents cont.

»Pile within the bents shall penetrate not less than 1/3
the unsupported length or not less than 10 feet into hard
cohesive or dense granular material




Pile Arrangement
> Pile groups

»>Piles are driven to bearing in groups
» Usually 6 or more per group, 9 common
» Cutoff elevation is below ground
» And usually below scour line
\;.‘_,,7.7

10

Pile Arrangement

> Pile groups cont.
»>Pile cap is constructed on top of the group

»Pier column built on top of pile cap to support the
superstructure [ )




15







21



22

Timber Piles

Only used for False Work, which is not inspected by KDOT

- Wik TP

23

Composite Piles
»Two different materials
»Good qualities are taken advantage of
»Used in special circumstances

> Preferential Use
»Geology
» Structure
»Durability
»Cost

24




Composite Pile Varlatlons
»Concrete and H-pile -
» Steel pipe and H-pile
> Steel pipe and concrete

» Concrete filled pipe

25

Composite Pile Variations Cont.
»>Fiberglass
»Fiberglass shell filled with concrete
»Corrugated shell and timber
»Numerous others

Pipe & H-pile




High Salinity Location
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28

Need for Composite Pile

T R

29

Composite Piles
»Typical Lengths 50 to 200 feet
»Maximum Design Stress: Dependent upon pile material
» Stresses Driving Stress: Dependent upon pile material
»Design Loads 30 to 200 tons

»Remarks Weakest material governs allowable stresses and
capacity

30




Composite Piles

Advantages:

»May be applied in unusual design or installation situations

»High capacities possible but dependent on materials

» Could reduce foundation cost

»Some types offer corrosion protection

31
Composite Piles
Disadvantages: -}
»>May be difficult to splice E .
. N .
»May be difficult to attain good joint between materials
I

»Vulnerable to decay above water unless treated

[~ ocoPLE
=

TE
PILE

32

Concrete Piles Overview

Typical Lengths: 30 to 130 feet

Design Loads: 45 to 500 tons

33

11



Concrete Piles

36

12



37

Continuous
Tie

Prestressing
Strand*

Square
Solid

Size:  10”and up

Concrete Pile Detail

|, Size

Square
Hollow

20 to 36”
could have 11
to 18” hollow
center

Octagonal
Solid or Hollow

10 to 24”
could have
11 to 15”
hollow center

38

Concrete Pile Cushion

39




Concrete Pile Splice

40

Concrete Pile Splice

41
Concrete Pile Splice
24 inch octagon
42

14



Concrete Pile Splice

30 inch square
Male/Female ends

43

Concrete Pile Damage

15



Concrete Pile Advantages

»High load capacity

»Can be made for
corrosion resistance

»Hard driving possible

» Cylinder piles suited for
bending resistance

46

Concrete Pile Disadvantages

»>Relatively high breakage

»Unless pre-stressed, vulnerable to handling damage
»Considerable soil displacement

»Difficult to splice

»High initial cost

47

H-Pile

»Most common pile type used by KDOT
» Typical lengths range from 15 to 130 feet
» Typical design loads 45 to 225 tons

> Suited for either end or friction bearing

16



Battered Pile K-4 over Delaware River
Valley Falls, Kansas

H-Pile With Tips

DETALB
SCALE1:2

»Helpful for reaching plan tip W
»Embedding into hard bedrock “—
»Encountering obstructions

H-PILE point has 45 chamter
for groove weld across each flange.

51

17



H-Pile Splice

KDOT does not use
this method

52

Usual KDOT H-Pile Splice

»Butt weld with no plate

» Certified Welder

»Grind both ends of pile to form a bevel recess
»Square and level two pile ends

» Weld all the way around the pile with a full penetration welds

H-Pile Advantages
» Available in Various Lengths and Sizes
»Easy to Splice and to Cutoff
»High Capacity
»Close Spacing
»Low Soil Displacement
»Deep Penetration

54

18



H-Pile Disadvantages

» Vulnerable to Corrosion When Exposed
»Can Deflect Easily if Obstructions Are Encountered
»Not Recommended as Friction Pile in Granular Soils

55

Closed End Pipe Pile

»Typical Lengths: 15 to 120 feet
»Material Specs: F, = 45 ksi
»Typical Design Loads 40 to 300 tons

19



Typical KDOT Pipe Pile Plate

Fillet __
Weld

“— Flat Closure Plate

Closed End Pipe Pile
Using Conical Points
L V

59

Closed End Pipe Pile

Using Conical Points

60

20



62

»Butt weld with no plate

»Grind both ends of pile
to form a bevel recess

»Square and level two
pile ends

> Weld all the way around
the pile with a full
penetration weld

63

21



Pipe Pile Advantages

» Available in Various Lengths, Diameters & Wall Thickness
»Easy to Splice

»High Capacity Potential

»High Bending Resistance Where Unsupported

»Length is Loaded Laterally

64

Pipe Pile Disadvantages

»Vulnerable to Corrosion
»Could Hinder Required Penetration Depth
> Susceptible to Bending or Mushrooming at

“

Head
»High Soil Displacement E L T

e e
L

65

Other Types of Driven Pile

66

22



Tapertube Piles

67

Mono Tube Pile

68

Cylinder Concrete Pile

69

23



Spin Fin Pipe Pile

70

Questions?
Comments!

71

24



———

The task of successfully
installing piles involves
selecting the most cost-
effective equipment to drive
each pile to its specified
resistance or depth without
damage in the least amount of
time.

THE LEADS

Keep the hammer and pile aligned
during driving

Guide the hammer

Brace long piles until they are driven
enough to support themselves




SWINGING LEADS

Swinging Leads are widely-used because
they're:

Simple
Lightweight

Low cost

SWINGING LEADS

Swinging leads can be moved
easily to align the hammer and the
pile head, without moving the
crane

V h
SWINGING LEADS

Swinging leads are lightweight,
which gives the crane a large
operating radius. In other words,
the confractor doesn’t need to
move the whole crane for every

pile.




WW swinging leads

2 Cables:
He holds leads

One holds hammer

— )

For years and years,
KDOT contactors could
leave swinging leads
hanging in the air

— )

A specification (starting
in the 2007 version)
now says that piling

leads must always be
spiked into the
ground




———

It helps with
hammer-pile
alignment, and is
also a safety matter

10

—

FIXED LEADS

Fixed Leads are attached to the
crane boom, and have a brace
running from the bottom of the
leads to the crane frame.

11

FIXED LEADS

Boom attached to
leads at top

PR

“Spotter” joins cab
frame to bottom of
leads

12




FIXED LEADS

Fixed leads hold the pile in a more
true alignment during driving, but
require much more time to set up.

13

FIXED LEADS

Fixed leads are used for large
piling on large projects.

You will rarely see fixed leads on
Kansas bridge projects.

14

—

COMMON TYPES OF LEADS

Truss
Triangular
Box
H-Beam
Pipe

15




Truss Lead @ Ij
Square and Round Tube

Triangular
Lead
16
V ~
Box Lead g
Pipe Lead 1}
17

H-Beam Lead \

Square and Round Tube

18




Pile Gate

At bottom of leads

Used to keep lower
portion of the pile
centered in the leads

19
— Drop
Gravit
( vity) Single-Acting
(Open-End)

— Diesel H

Double-Acting

(Closed-End)
Vibratory
Pile Single-
Hammers

Acting

I~ Hydraulic —

Double-
Acting

Single-
Acting

Double-
Acting

20

rop (Gravity) Haommer

Suitable for all types of piling
except concrete

Very high dynamic forces can
break concrete piling in easy
driving if drop is not controlled

21




e

Drop (Gravity)
Hammer

Cheap to Buy

Cheap and easy to maintain

22

e

Drop (Gravity)
Hammer

Low pile driving productivity
(Only 4 to 8 blows per minute on average)

Hard to control the fall height of the weight
Hard to control the impact efficiency
On KDOT projects, mainly used to start pile

Often used to drive sheet pile

23

e

Drop (Gravity)
Hammer

You'll occasionally still see all
piling on a bridge driven with a
gravity hammer

Mostly obsolete, but still
occasionally useful ( like me )

24




mdmmer

Don't require leads

Fastest way to install a pile
12 to 30 pulses per second—eccentric weights

High initial cost
High maintenance cost

Needs a separate power supply—runs on
electricity or hydraulics (usually hydraulics)

25

i Eibra’rory Hammer

Suitable for steel H-pile, pipe pile, and
sheet pile.

No good for concrete piles. Not at all.

A vibratory hammer would shake apart
a concrete pile in about 3 seconds.

26

_ -
ﬁ vibrc’rory Hammer

Suitable for end-bearing

Not recommended for friction piles
Very useful in granular soils
Noft too effective in stiff, clayey soils

Can be used for driving or pulling piles

27




mdmmer

How do you know when to stop it?

Have to use another method to confirm
pile capacity

28

-y

Single-Acting (open-end) Diesel Hammer

Suitable for all types of pile
40 to 60 blows per minute
Carry their own fuel—they power themselves

Stroke of the piston is directly related to pile
resistance

29

ingle-Acting (open-end) Diesel Hammer

Expensive to buy
Fairly easy to maintain

Pollutes the air and gets diesel fuel all over
you

Low blows per minute at high pile resistances

Most popular hammer on KDOT projects

30

10



— )

Most diesel hammers on our projects
carry between 5 and 20 gallons of fuel.

The capacity is such that a hammer can
work all day on one tank.

They also carry lubricating oil. The two
tanks are side-by-side.

31

— N
="ACTING DIESEL HAMMER

32
V ~
N4
1L
|
A
P
33

11



34

)
v,
-

35

36

12



APE/Delmag
Fuel Pump

Decrease Stop Increase
fuel fuel

38

ange of Energy per Blow,

by Pump Setting:
Example: Delmag D19-42

Position 4: 100 % = 42,800 ft-Ibs
Position 3: 88 % = 37,660 fi-lbs
Position 2: 67 % = 28,680 ft-lbs
Position 1: 48 % = 20,540 ft-Ibs

39

13



V -
Sometimes a

contractor will drive
different size pile or
drive to different
resistances with one
large hammer. He
will adjust the fuel
setting accordingly.

40

— )

You also have to be careful with concrete
piles and may want to use a lower fuel
setting fo control the hammer energy

41
V ~N
Ouija
Graduated Rod
Jump Stick
Yardstick
Make up your own
name
42

14



Hydraulic Hammer

Suitable for all types of pile
30 to 50 blows per minute (single-acting)
40 to 90 blows per minute (double-acting)

Energy is adjustable

43

i Hydraulic Haommer

Double-acting can be used for underwater
driving

Expensive to buy

More complex maintenance than other
hammers

Have to use another method to confirm pile
capacity

44

Hydraulic Hommer

Not allowed on KDOT projects

Can't stop it fast enough

45

15



— )

Air Haommer
Suitable for all types of pile
35 to 60 blows per minute (single-acting)
95 to 300 blows per minute (double-acting)

Double-acting can be used for underwater
driving

46

— ]
Air Hommer

Only moderately expensive to buy

Fairly easy to maintain

Need air compressor to run it

Heavy compared to most diesel hammers

Rarely seen on KDOT projects

47

— =
PILE HELMET

() 4= Striker Plate

@ = Hammer Cushion

& g Pile Cushion

(Pile Cushion only used

with concrete piles)

48

16



— )

The bearing formula asks for the
weight of the cap and anvil.

The “cap” is the pile helmet.

The “anvil” is the lowest piece of
the hammer.

49

«——— Piston
Hammer

L4 Anvil

Helmet

m,__— Striker Plate

= )
Hammer Cushion

Pile Cushion

——— il

50

— )

Normally, we call this piece the
Helmet, because “pile cap” is
also a structural term.

We don't need to confuse
things any more than they
already are.

51

17



———

Entire assembly is Lowest piece is
referred to as the sometimes

“Helmet” or “Cap” called
the “Adapter”

52

———

Hammer-helmet-pile alignment
must be maintained, especially
when driving concrete pile and
thin-walled steel pipe piles.

53

—

ammer Cushions

A hammer cushion is used between
the hammer and the helmet to
absorb some of the impact shock.
This protects the hammer.

54

18



— )

Sometimes also called a “cushion block”

55
—— .~
HAMMER CUSHION
Between == Striker Plate
Striker Plate Pl
and Helmet %2 :|
<+— Helmet
56

Worn-out hammer cushions
cause bad things to happen...

Damage to the hammer, helmet or even the
pile itself

Result in lower transferred energy to pile

Canresult in increased bending stresses on
pile

57

19



Acceptable Hammer Cushion
Material

Micarta (phenolic fiber and
aluminum)

Replace when it starts to
powderize

58

Wmer Cushion
Material

Reinforced Phenolic
Resin

59

—

Acceptable Hammer Cushion
Material

Nylon (usually blue)

Replace when you see horizontal
cracks (vertical cracks OK)

60

20



———

Acceptable Hammer Cushion
Material

Nylon (usually blue)

Conbest is a popular
brand of nylon cushion

61

ceptable Haommer Cushion

Material

Hammortex (a reel of fiber or Kevlar
sheeting backed with
aluminum)

Replace when it begins disinfegrating

62

Wmer Cushion

Material

Urethane materials

Polymer materials

~N

63

21



—

Aluminum may be present in laminations in
hammer cushions, but only acts to transfer
heat out of the cushion. This prolongs ifs life.

Wood, wire rope, and asbestos are not
acceptable as a hammer cushion on KDOT
projects.

(Wood can be used on gravity hammers)

64

—

No matter what the material,
KDOT requires the contractor to
replace a hammer cushion
when it looks like it's
deteriorating, or when it's lost
25% of the original thickness.

65

———

Most hammers on KDOT projects
need cushions that are 2" to 3"
thick.

It is OK to use 2 thinner cushions
to make up the needed
thickness.

66

22



— )

It's not uncommon to have 2
thinner cushions of different

materials, such as nylon and
Micarta.

67

— )

Pile Cushion

Concrete Pile

N

68

N
PILE CUSHION

Concrete Pile

A pile cushion is required
for concrete piles only

This protects the concrete
from driving stresses

23



— ~
PILE CUSHION

Concrete Pile

It will almost always consist of a
stack of plywood sheets cut to
fit inside the helmet.

It will try to catch fire after
the hammer heats up during
driving. Keep an eye

onit.

V -
Follower

Used as an extension of
the pile between the
hammer and the pile
head

71

Problems with followers

The follower will have a different weight
per unit length from the pile

Hard to keep aligned
Allows for additional energy loss due to the

compression of the follower and energy
losses at the connections

72

24



—

For these reasons, followers
are not allowed on KDOT
projects, except with the
written permission of the
Engineer

73

25



Helmet

<«———— Piston
Hammer

Anvil

/

_ Striker Plate

<
[ ]
NS\ —~ Hammer Cushion

—~ Pile Cushion

- Pile




~
PILE HELMET

@ <« Striker Plate

<4—= Pile Cushion

(Pile Cushion only used
with concrete piles)
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Plan Sheets and Geology
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Let’s look at the Engineering Geology sheet
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Top half of page shows plan view of bridge
with our drill locations
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Bottom half of page shows a cross-section
of the subsurface, with geology drawn in
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Bedrock elevation contacts
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STANDARD  GEOLOGIC SYMBOLS
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Standard Geology Symbols

Lower left corner of Engineering Geology sheet
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SOUNDINGS

e

O Hond fools

Elevation inferpoiated Elevation
ar from ad]m /‘ — Tans/sq. 1.

o air ommer mﬁ:"’m‘ Eb

w7 Cone (CPT)
panotrometer c'&%%"fsmm
@ Sheity fube Elovarion
Biows/T.
#o Water fovel
000.0 Jeo.
3099.9 e
STANDARD
PENETRATION
TEST

Legend

Bottom of Engineering Geology sheet
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SOUNDINGS
Coradrill [O005 Elevation inferpoiated Elovation
? Power ager o fron d]aun' / [ Tons/oa. .
;: Hond tools o000 | 00
AT hammer [000.0 Actual nlmﬂﬂ mn -]
v Cons (CPT) UNCONFINED
ponstromstor ¢ e
© Sowive i
Elavation
/ Blows/11.
F+ Water lovel oo mf
3099.9
- 000.0 |00
STANDARD
PENETRATION
TEST
Symbols
used on
page
SOUNDINGS
Coradrill [O005 Elevation inferpoiated Elovation
? Power ager o fron d]aun' / [ Tons/oa. .
;: Hond tools o000 | 00
AT hammer [000.0 Actual nlmﬂﬂ mn -]
v Cons (CPT) UNCONFINED
ponstromstor ¢ e
i
O shiy tuto Etavation
F+ Water lovel s/
000.0 |00
3099.9 w000 |00
STANDARD
PENETRATION
TEST

l

Examples of elevation
callouts on cross-

section view
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SOUNDINGS:
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CASING DRIVE TEST

Format of results of
lab strength tests on

core samples
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PENETRATION
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13
“Core Tree” on Engineering Geology Sheet
Results of lab tests on soil and rock samples
. Compressive
& strengths
~ = Tons/square foot
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SOUNDINGS
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STANDARD
PENETRATION
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Format of standard
penetration test
results
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Standard Penetration Test

Gives both a relative resistance of the soil and a sample of it

Been around since the 1920’s

Used all over the world
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Elevations L

Standard Penetration
- Test Blow Counts
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“General Notes and
Quantities” page
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PILING: Drive ail piling to bear upon the limestone of fhe Neva Membar
Driving shall stop when in the opinion of The ivi
may damage the piling. Drive ofi piling To the|Pile Driving Formula Load
of:

Abutment #i: 154 Tons

As a minimum drive each pile Yo the load and penetrdtion, but in no
case shall the pike be driven to more than 110X of File Driving

Formula Driving \Load. At any location where problems are experienced,
pile damage is syspected, or the File Driving Formula Load occurs
significantly o the design pile tip elevation, the Engineer may request
that the Pile Drivibg Analyzer (PDA) equipment be used.

This is what you're interested in.

21




Concrete (Grade 4.0XAEXSA) fc = 4.000 psi
Reinfarcing Steel (Grode 60) fy = 60 ksi
Steel Piles Fy = 50 ksi

LRFD DESIGN PILE LOAD:
Design me (Tons/Pile) Sirength — Service —_Phi_
Abutment #

154 109 0.60
LRFD DESIGN DRILLED SHAFT LOAD:
Design Loading Strangth | Service | Lhi
ttons/shaft)
All Fiers 940 tons 736 tons End Bearing 0.50

Side Friction 0.55

Do NOT get this confused [e"*2 200 fons 136 fons Sfrx ,f"',;’;"’ &gg
with the Design Pile info, 1 it
which is usually just above | T T—1
the title block. : | I

KANIAS DEPARTMENT OF TRANEPORTATION
Br. No. 77-58-14.77 (062) Sto. 60+76.25

GENERAL NOTES AND QUANTITIES
US-77 over Big Blue River

ProJ. No. 77-58 KA-0T7I6-01 Marshall Co.
- -

6/25/2019
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Concrefe (Grode 4.0XAEXSA) f'e =_4.000 psi
k:

Reinf} Stee! (Grade 60/
LRFD DE
D-srgn Lood] Sarvice
109
LRFD W{J SHAFT LOAD:
Duw r‘)na Strangth | Service | _Ehi
Ah‘ﬁans 940 tons 736 tons End Bearing 0.50

Side Friction 0.55
Abutment #2 200 fons 136 fons  End Bearing 0.50
Side Friction 0.55
1
1 1
1
| v | wPD

This is structural

engineering info.

. 0 KANBAS DEPARTMENT TRANEPORTATION
Itis there for the designers. g yo 77-55-14.77 (062) | Sto. 60+78.25

GENERAL NOTES AND QUANTITIES
US-77 over Big Blue River

ProJ. No. 77-58 KA-0T716-01
P -

During construction, we use

it with the PDA. Marshall Co.

Sheet No. 36
T ROTE-Oriy shoel s HPTZXET e Quantities ore included in
SN,
[Summary o Piling (eide 105k [RAFFCc oATA mmuni [RATING FACTORs - 6r. )
isd [axor_zores_| —7 -
Piar No. It LELS AADT (2032) m
Pl No.2r (50 3 fow | o | 20 (37) 4672
% o HET _ciiar) [><2
Abtront o, 2 6 @ 58 11, ) 55745 zpe HET_LT) [=><]
T r8.4% -
*Summary of Piling (Bridge 104):
croni Wo. i 8 @ 54 11,
Fier No. It 5 e I M.
Tedin.
PiorNo.2i 150 % 1t
7essm
162

GENE

FRRANS rios of ol 4o Sl or Sac. apon e Wellagce BRIDGE EXCAVATION: Al excovation shall bo Cioss M. Sea
Dn\una Mmpmrnmuunmrrr-aym e Bridge Excavation shast for e (s of poy

may damoge fho piling. Drive oll g fo cxcmetion,
e e Do et o o
Aovtrort Mo i 86 Tons TEST PLE SPECIL O the ot e vl o
HE

Piot Locatiers NTE

Ve Jocaticns directed by the Ergineer /Geoiagist or
fatel oot e P i (Pl Drivs Ancyars (ADA) scapren

Sometimes there is also a summary of
piling type and length on this page.

vired
o
PILNG SPLCE LOCATION tral s sl tons and 000 D08 1 DR300 S Ko ST e, o
rasting criteria for Abutments [ and 2 will Vo ey
? tha apgroval o the Engineer. Do nat rmors colum
et e Standard i Loals Sho (BAHG

Farawork withaut the aperoval of the Enginesr. Curing
‘sholl cantiru affer the formwort 15 removed s required
Ly Mo KDOT_Spacifiodtiahs.
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LRFD - Load and Resistance
Factor Design

The current approach to structural
design. The US now uses this system to
design bridges.

Changes the way “safety factors” are
used, to keep bridges from being
overdesigned.

6/25/2019
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LRFD - Load and Resistance
Factor Design

The loads on the foundation and columns
and so forth are factored

The resistances that work against those
loads are factored, too—in our case, the
soil and rock that support the piling

Mandated by the Federal Highway
Administration to save money

26

For years at KDOT, we drove
piling to the Allowable Load.

Under LRFD, it is called the
Pile Driving Formula Load .

27




If necessary, we can drive to 110 %
of the Pile Driving Formula Load.

That’s usually not necessary.
Most of the time, you should drive

to the pile driving formula load and
then stop.

6/25/2019
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If necessary, we can drive to 110 %
of the Pile Driving Formula Load.

If you are driving to a certain depth,
then the 110 % rule can be handy.

On most projects, going over the
specified load is wasting money at
best.

29

If necessary, we can drive to 110 %
of the Pile Driving Formula Load.

At worst, you could damage the pile.

Make sure you have a good reason
for driving much past the specified
load.

30
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Let’s take another example....

PILING: Drive all piling To peneirate or bear upon the Wellington
Formation. Driving shall stop when in the opinion of the Engineer
additional driving may damage the piling. Drive all piling to

g the Pile Driving Formula Load of:

[Plot Locatons $UKi

Abutment No. Iz 86 Tons
Pier No. I: 88 Tons
Pier No. 2: 88 Tons
Abutment No. 2: 86 Tons

As a minimum drive each pile fo the load and penetration. but in
no case shall the pile be driven to more than 110X of Pile Driving|
Formula Driving Load. At any localion where problems are
experienced, pile damage is suspected, or the Pile Driving Formuid]
Load occurs significantly above the design pile tip elevation, the

6/25/2019

Plotted By: $$USERNAWESS

Plot Date: $$$$$SITINESSS883

Engineer may request that the Pile Driving Analyzer (PDA)
ipment be used.

w
[y

Abutment No. 1 86 Tons
Pier No. 1 88 Tons
Pier No. 2

Abutment No. 2

Let’s do Abutment 2....

86 tons x 1.1 = 94.6 tons

So we’d drive to 86 tons. If necessary,
we could go to 95 tons.

32

Sometimes you will go a little over the
110% when checking the resistance 20
blows at a time.

33

11
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That’s OK. Write it down the way it
happened. Just as long as we aren’t
deliberately driving it too much.

34

BRIDGE FOUNDATION GEOLOGY REPORT

Bridge Replacement Project
6-79 KA-2085-01
Bridge No. 15.84 (069)
US 36 over Riley Creek

Republic County

RO s ceoLoger &
Briclge Foundation -

Jeffrey W. Geist, P.G, Professional Geologist I
Geolosg Report Neil M. Croxton, P.G., CPG, Regional Geologist

November, 2012

Kansas

BUREAU of MATERIALS and RESEARCH

GEOTECHNICAL UNIT

35

To find Geology Reports on Document
Management from KDOT computer:

Open OnBase

Go to the Retrieval tab

36
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[ Document Retrieval

# Document Types and Groups
PROJ- Project Docs
4 proy
4 ey
4 PRO)
4 PRo)
o POl

4 PROI - Distrcr 3
4 PRO) - Distrct 8

# Keywords and Date Range

From To

5, Search Results: 1 Document(s)

Name Type
® ®

=
L PLProiectn KA 295001 Gology Repet- Geslogy Report - /252011 PRO) - Stuctun
g Doc Handle: 9949417 Sves

Change the Document Type to
“Project Docs”

37

Services”

Open the “Project Number”
menu

Preject Nuember - hisdiction
KA

Pregect uember - Seral Nurber
£

Bregect umber - Stage
3

5 Search Results: 1 Document(s)

Type in the project number
and hit “Find” at the bottom.

39

6/25/2019
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Double-click on the “Bridge
Foundation Geology Report”
and it will open for you

To find Geology Reports from an outside
computer:

https://www.ksdot.org

“Letting Information for Highway
Contractors”

“Exploratory and Project Reports”

41
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I(ansas

HOME TRAVELER INFORMATION DONG BUSINESS IWSIDE KDOT PROJECTSPUBLICATIONS PUBLIC INFORMATION

KDOT'S CURRENT LETTING INFORMATION

WARNING: AS OF MARCH 01, 2018 KDOT WILL NO LONGER ACCEPT PAPER PAYROLLS AND SUBCONTRACTOR
PAYMENT FORM 1010. AASHTOWARE CRL WILL EE THE ONLY ACCEPTABLE FORMAT.

o KDOT and view the arswers,
t Proposal Informatien.

Propasal Information (View Plans, Bid Spacifications

Holders List, Non-Bid Holders List, View

Proposal Forms, Addandum, Early & Late Stat Kansss Highway Wage Getarminations
ates)

Fuel Adjustment Price Index
Summary ¢f Quartiies & OBE Goal Percentages

Asphalt Adjustrrent Prce Index
Exploratory and Froject Reports

Bic Hem List

Pre-Qualfied Materials (PQL)

EarlisstLates! Start Date Arch ve
Audis Broadcast of Bid Letting
As Read Bids (Last Letting)

Pre-Qualfied Contractors Questionnaire

Pre-Quaiified Contractors List
Bid Tobs (Awarded Conracts)

Information for Highway Cantractors.
Disadvantaged Business Enterprises

Highway Contractors’ Help Terms.
Kansas Tumpike Projects

Preliminary Plans & 30 Models

43

HOME TRAVELER INFORMATION DONGBUSINESS INSIDE KDOT PROJECTSPUBLICATIONS PUBLIC INFORMATION
PROJECT LETTING
User Name:
Password:
[togn] [ Reset]

Now Account

Reading the Geology Report is one of the
first things you should do on a piling
project.

It will describe the geology of the site in
great detail, and tell you what to expect
in the field when pile driving starts. It
will warn you about any problems you
might have with stray boulders,
groundwater, strange pile lengths, or
whatever.

45

6/25/2019
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Knowing the geology of your project
ahead of time is important

because you can damage

piling if you try to

drive it into hard

bedrock

6/25/2019

46

Call your Regional
Geologist with any
questions about how the
geology of your project will
affect pile driving.

47

16
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Standard Geology Symbols



The
Bearing
Formulia
&
Problems with
Dynamic Formulas

7/30/2019

List of the Formulas

* Standard Specifications

* Version July 2015

* Section 704

* Table 704-1 Pile Formulas

* Page 700-19

List of the Formulas

* Bridge Construction Manual

* Version Oct 2009(updated 5-21-13)

* Chapter 5.3 Driven Pile

* Section 5.3.8.2 Pile Driving Formulas

* Page 39




TABLE 704-1: PILE FORMULAS

Hammer Pile Type Formula
Steel 3 ( w
3 WH W
Gravity Steel Shell P=. “ = | - W
Steel Sheet S35 \(wex))
Air/Steam All Types P= 2 W H
(Single Acting) AP S+0.1
Air/Steam - 2 E
o P=—
All Types o

(Double Acting)

po_16 W H

Delmag and . 2
i s ) X**
McKierman-Terry* All Types S+0.1 | e
\
" 16 E
Link-Belt* All Types T lf,\m“
\ W)

*diesel hammers

** For diesel hammers, the quantity X/W shall not be less than |

P = safe bearing power in pounds

W = weight in pounds, of striking part of hammer

H = height of fall in fect

E = energy of ram in foot-pounds per blow

§ = the average penetration in inches per blow for the last 5 blows for gravity hammers and the last 20
blows for air/stcam or dicsel hammers

X = weight in pounds of the pile plus the weight of any cap and/or anvil used on the pile during driving

7/30/2019

Computer Version of the Bearing Formulas

* Field Pile Driving Guide
* Download from Forms Warehouse

* Form 217b (new forms)

Bearing Formula — English Version

P=_1.6WH (Delmag Diesel Hammer)
S+[0.1(X/ W)]

P= Bearing in pounds

W= Weight of hammer ram in pounds

H= Fall height of the ram (stroke) in feet

S= Average set per blow in inches

X= Pile weight + anvil weight + cap weight in pounds

* For diesel hammers (x/w) is dropped if less than one

* Most commonly used formula on KDOT jobs

* Also known as the Engineering News Record (ENR) formula




Using the Bearing Formula

Piles should be driven to a minimum bearing capacity equal to the

Pile Driving Formula Load listed in the plans

For LRFD projects began-110% of the pile driving formula load will be
the max allowed

7/30/2019

Determining Max. Capacity

Pile driving formula load listed is 55 tons

* Using the bearing formula, the minimum bearing
capacity needed is tons

*The maximum capacity the pile can be driven to is
55tons x 110% = ___tons

Determining Max. Capacity

Pile driving formula load listed is 55 tons

* Using the bearing formula, the minimum bearing
capacity needed is 55 tons

*The maximum capacity the pile can be driven to is
55 tons x 110% = 60.5 tons




Pile Call Out

What do the k on H-pile rep ?

Size and Weight
*For H-pile HP10x42
°The 10 represents the width of the web in inches

042 represents the weight of the pile per linear foot
(pounds/ft)

7/30/2019

10
Class Problem using the
Bearing Formula For A
Delmag Hammer
P= 1.6 WH
S+[0.1(X/ W)]
11

* You are driving HP 10 x 42 using a Delmag D12
hammer.

* Hammer ram weight is 2820 pounds (from contractor)

* Cap+ Anvil weight is 2710 pounds (from contractor)

* 24 feet of pile placed in the leads

* PDF Load is 55 tons (max is 55 x 110% = 60.5 tons)

* You have a stroke of 7.5 feet

* You record 3 inches of movement in 20 blows

P=__1.6WH
S+0.1(X / W)

12



* 24 feet of pile placed in the leads

* You are driving HP 10 x 42 using a Delmag D12 hammer.
* Hammer ram weight is 2820 pounds (from contractor)
* Cap + Anvil weight is 2710 pounds (from contractor)

* PDF loadis 55 tons (max is 55 x 110% = 60.5 tons)
* You have a stroke of 7.5 feet
* You record 3 inches of movement in 20 blows

7/30/2019

P= 1.6 WH
S+0.1(X /W)
W= Weight of Hammer Ram = 2820 pounds
H=  Stroke of Hammer = 7.5 feet
S = Set per blow (3 inches/20blows) = .15inch
Cap + Anvil weight = 2710 pounds
Pile weight (24 feet x 42 pounds) = 1008 pounds
X = Cap + Anvil + Pile weight = 2710 + 1008 = 3718 pounds
X/W= 3718/2820 = 1.3
13
W= ram weight = 2820 lbs
_ e P= _ 1.6WH
H= stroke height 7.5 feet S+ [0.1(X/W)]
S= average set per blow = .15 inch

X/W =3718/2820 = 1.3>1.0
Pile Driving Formula load = 55 tons
P= 1.6(2820)(7.5) = 33840
0.15+(0.1X 1.3) 0.15+0.13

P=33840 =120857 Pounds

0.28
P=120857 (to get to tons)

2000

P=60.4 tons (Minimum Bearing Needed is 55 tons)

X= Cap -+ Anvil +Pile weight = 3718 i

You Have the Required Bearing

Delmag Mckierman Tery (Diesel Hammer) Example
Formula Entry Data
6w
pot H
bserved hes In 20 blows with about 6 feet hammer drop. |
0,000 | 1,000 | 2:000 | 1000 | 4.0p0 | 5,000 | 6.0 | 7.000 | 8,000 | 5.000 | 1000
0.000 | 0.050 | 0.300 | 0.150 | 0.30 | 0350 | 0.900 | 0.350 | 0.400 [ 0450 | 0500
Computkd Resistance tons)
1 [0 [ o7 | s 0]
s w3 | 7 | e ] o 1
Cacoteaseanrg s | £ v us & | m P T——
HGH FCC O donaroundd inchesol
[ ETTIE T T I 7 +
Caicalmeaseanngs | ¥|__70 28 17 us m 1l % seckptatbe rnge: It
000 HD 35 10 1 a2 s || betweensSionnd 22 ten.
ki 7w e e a0 w W 123
Cvcmedseargn | 5|88 | | s 137 s ms s [ [ ] B s
Low fo: | |m6 m 13 12 w wm[m|wm|e]s =
S[ oo 36 2 18 e u2 % [ | m | e | @] s
: =Tra . * Min. Bearing
:
=
¥
H
:
S
ki
H
g
& 12



Class Problem

You are inspecting a pile driving operation in which the contractorn
is using a Delmag D15 open end diesel hammer to drive 12 X 53
H-pile that is 50 feet long. The contractor has supplied you with
the following hammer specification information:

Ram (piston) weight 3300 pounds
Cap weight 1323 pounds
Anvil weight 311 pounds
Total hammer weight 6603 pounds

With a pile penetration depth of 42.5 feet you record a pile movement of 3.5 inches i
20 blows and observe a hammer stroke of 6.5 feet. Using the KDOT bearing formula
for a Delmag hammer what is the bearing capacity of the pile at that time?

P=_16WH

S+0.1(X/ W)
P = bearing capacity in pounds W = weight of ram in pounds
H = height of stroke in feet, S = set per blow in inches

7/30/2019

X = weight of pile, anvil, and cap in pounds

16

W= Mass of ram = 3300 pounds

H= Stroke or fall height = 6.5 feet

S=set per blow = 3.5 inches/20 blows = .175 inch

X= massof anvil+cap+pile =311+1323+(50 X53)—
=311+1323+2650 = 4284 pounds

X/W =4284/3300 = 1.3>1.0 OK

P= _(1.6)(3300)(6.5) . = 34320
0.175 +[0.1(1.3)] 0.175+0.13
P=34320 = 112524.59 pounds
0.305
P=112524.59 = 56.26 tons
2000

17

Other uses of the Bearing Formula

* Checking the size of the hammer

* Calculating the required set in 20 blows

18




Checking the size of the Hammer

The inspector should check to see if the contractors hammer is
big enough to drive the pile

To do this you will need the hammer specs
(these are provided by the contractor)

Assume a practical refusal of 10 blows/inch
Use the maximum stroke the hammer can achieve
Plug the number into the bearing formula

Your answer should be
o Now with LRFD projects
o Pile Driving Formula Load < P < 110%PDFL

7/30/2019
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Where to find an example

* Bridge Construction Manual

* Version Oct 2009(updated 2012)

* Chapter 5.3 Driven Pile

* Section 5.3.6.2 Preparing to Drive Pile

* Pages 19-20

20

Checking the size of the hammer
Driving 40 feet of 10x42 H-pile using a Delmag D12
Piston weight = 2750 pounds (W)
Cap and anvil weight = 2690 pounds
Pile weight = 40 feet x 42 Ibs./ft = 1680 Ibs.
Weight of pile + weight of cap and anvil= P= _16WH

2690 + 1680 = 4370 pounds (X) S+0.1(X/ W)

Maximum stroke = 8.17 feet (H)
linch/10blows = 0.1 inch/blow (S)
P= Pile Driving Formula Load = 112,000 pounds or 56 tons.
110% of design load is 123,200 pounds or 62 ton

21




W-=2750 pounds X= 4370 pounds
H=8.17 feet S=0.1inch
X/W=1.6

Pile Driving Formula Load=112,000 pounds or 56 tons
110% = 123,200 pounds or 62 tons

P=_1.6WH = (1.6)(2750)(8.17)
S+0.1(X/ W) 0.1+[(0.1)(1.6)]

P=138,261 pounds = 69 tons
112,000 pounds<123,200 pounds<138,261 pounds
56 tons < 62 tons < 69 tons

However use caution as the Hammer is Capable |

7/30/2019

of overdriving the pile

22

Calculating the required set in 20 blows

Now that the hammer has been found to be
okay you can calculate the actual average
penetration required for the last 20 £ A
needed to achieve bearing

23

P=_16WH .
S+0.1(X /W)

S= 16WH -0.1(X/W)
P

S = (1.6)(2750)(8.17) - 0.1(1.589)
112,000

$=0.321-0.159 = 0.16 inch/blow

This means that for the last 20 blows the pile should be driven down 3.2
inches (0.16inch per blow x 20 blows) or less.

If the pile is driven further than 3.2 inches for 20 blows, then the pile does
NOT have the required bearing yet.

24




Problems with Dynamic Formulas

Dynamic formulas are based on physics
and transfer of energy with built in
assumptions

7/30/2019
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Formula components

1. Driving system
2. Soil resistance
3. Pile

26

Formula components

1. Driving system
2. Soil resistance
3. Pile

27




1. The Driving System

Dynamic formulas offer a poor representation of the
driving system and the energy losses of the drive
system components

7/30/2019
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The Driving System

* Equipment performance variability is typically not considered
o Driving s?n/'stems include many elements in addition to the ram
such as the anvil, helImet, hammer cushion, and pile cushion

* These components affect the hammer energy at and after

;mpact which influences the magnitude and duration of peak
orce

* Peak force and duration determines the ability of the driving
system to advance the pile into the soil.

29
Formula components
1. Driving system
2. Soil resistance
3. Pile
30
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2. The Soil Resistance

* Assumes soil resistance is a constant force

° This assumption neglects obvious characteristics of real soil
behavior

* Dynamic soil resistance is the resistance of the soil to rapid
penetration produced by a hammer blow
o This resistance is not equal to static soil resistance
o Most dynamic formulas consider the resistance during driving to
be equal to static resistance or pile capacity

° In most cases capacity will increase or decrease with time due to soil
set up or relaxation

7/30/2019
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Formula components
1. Driving system
2. Soil resistance
3. Pile
32

3. The Pile

* The dynamic formulas assume a rigid pile
o Piles have flexure allowing them to penetrate the soil
o Pile also have elastic properties

o These compressive waves are responsible for advancing the pile into the
ground

* Some formulas do not take the weight of the pile into account
o KDOT’s formula does

33
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7/30/2019

Case Histories

Take a look at a few cases where dynamic formulas gave
inaccurate results

4 Cases
* 2 outside of KDOT
o Various pile types and hammer types
o Engineering News formula and Gates formula
o PDA and static load test

o 2 KDOT projects
o Our formula
o PDA

35

Case 1l

* 24 inch square pre-stressed concrete pile
* 12 inch diameter void in center of pile

« Pile was driven to a final penetration of 34 blows per
foot (end of drive)

* Re-strike test 13 days later penetration was 118 blows
per foot

* Pile was then static load tested

36
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Case 1 Results

® Using end of drive data
® The ENR formula predicted an allowable design load of 153 tons

® Dynamic testing with PDA on re-strike gave an ultimate pile
capacity of 462 tons

® Static test had a failure load of 475 tons

® Hence:
® The formulas significantly under predicted the allowable and
ultimate pile capacity

7/30/2019
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Case 2

* 14 inch closed end pipe pile
* Design load 110 tons

* Pile was driven to a final penetration of 148 blows per foot
(end of drive)

* Restrike was preformed

* Pile was static load tested

38

Case 2

* End of drive data
o ENR formula predicted an allowable design load of 245 tons
o PDA at end of drive ultimate capacity 229 tons

* PDA on re-strike showed decrease of ultimate capacity to
205 tons

» Static test had a failure load of 210 tons
o PDA re-strike testing nearly matches static load testing

* Assuming a safety factor of 2, allowable capacity would be
105 tons (210 tons/2)

39
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In this case:

7/30/2019

load by more than 230%
oQver prediction partially due to soil relaxation

°ENR formula over predicted the allowable design

40

Case 3 KDOT

* H-pile 14x73
* Pile pre-drilled to scour line

« Driven through silty sand and gravel into the Ogallala
Formation

* Pile Driving formula load 91 tons; 100 tons (max)

* Re-strike test 24 hours later

41

Case 3 Results

* End of Drive
o Bearing Formula 73 tons (need 91 tons)
o PDA 185 tons (needed 140 tons)

* 24 hour re-strike
o Bearing Formula 93 tons
° PDA 207 tons

* In this case:
o KDOT formula under predicted capacity by 2.2 to 2.5

* Result would have been to continue to drive pile

42
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Case 4 KDOT

* H-pile 10x42

« Driven through silty sand at south abutment of highway
400 over Arkansas River near Dodge City

* Pile driving formula load 70 tons; 77 tons (max)

* Re-strike test 24 hours later

7/30/2019
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Case 4 Results

* End of Drive
o Bearing Formula 51.6 tons (need 70 tons)
o PDA 102 tons (needed 140 tons)

* 24 hour re-strike
o Bearing Formula 69 tons
° PDA 170 tons

Without the PDA we would have had to continue to drive
pile

44

* The ENR formula is still a good tool for KDOT inspectors
to use to calculate bearing

* Will be conservative in most cases for Kansas Native Soil
types

* Could over predict if relaxation occurs

* Should always consider options before just splicing on
more pile to drive deeper

o Can the pile set for a period of time and see what the bearing is
after a restrike

o Are there other pile drive records in the area for review
o Consult the Engineer in charge

45
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LRFD

> Load and Resistance Factor Design (LRFD) does require more
test pile and the use of the PDA:

° 26 to 50 piles in the bridge structure
° 1to 3 piles (2-5% of total piles)
2 51 to 100 piles in the bridge structure
° 1to 5 piles (2-5% of total piles)
 Penalizes only using the bearing formula

* Bearing Formula will change to better reflect PDA capacity
| estimations

7/30/2019
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Questions?

Rait Road Stean Pite Driver 1912

47
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Example problem—bearing equation

Hammer is a D19-52

Piston weight 4190 Ibs =W
Cap & Anvil weight 3400 Ibs
Final penetration 0.6” in 5 blows
Stroke 10.25°=H

12 x 63 H-pile, 70’ long

1) calculate movement (set) per hammer blow in inches
S=0.6"+ 5 blows = 0.12" / blow

2) calculate the weight of the pile
Pile weight = 63 Ibs/ft X 70 ft = 4410 lbs

3) add up X, the weight of everything below the hammer
X = cap + anvil + pile weights = 3400 lbs + 4410 1bs = 7810 Ibs
4) now plug everything into the equation

1.6 xW X H
[01 x—]

_ 1.6 x41901bs x 10.25 ft

7810 lbs]
4190 lbs

012" + [0.1 x

use only 3 significant figures—that is, round to 3 digits

_ 68700 Ibs

P = 225,000 lbs
0.306

225,000 Ibs = 2000 1b / ton = 112 ton



Record Keeping

The Form 217

Either Way You Look At It,
It Has Be D

e 2




Explanation of the Forms are
Found

= Bridge Construction Manual

= Chapter 5.3 Driven Pile* Updated 10-21-09
= Section 5.3.8 Log of Pile Driving
= Page 26 through 36

= Forms Warehouse

= Form 217a 271b (English and Metric both available)

Where to find form 217?
kdotweb-forms warehouse-search-form
number-217
217a is the form and 217a-1 is the
instructions

7 SCM by FSG Ltd. -

] hitps.//K2prodssksdot.org/sc/ Defoult.asps
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General Information
The Top Portion of the Form

A|lB|C|D|E F| |G pHLLIIIWKILIM|NOPIQ|R|S|T|U|/V|W| X |Y|Z

1 Log of Pile - Form 217
2 General Information
3 {This information is common to all sheets in the Workbook)
4 Hammer Information | PROJECT INFORMATION
5 | Goto "View" tab, "Arrange All", and hit "OK" in the window that pops up if you can not see colored tabs
6 for different s at the bottom of the screen.
7 Type of Hammer County
8 Project
9 Hammer (Ram) Weight| Ibs (Br. No.) and/or Sta
10 Type of Pile
11 Cap and/or Anvil Weight lbs
12 Plan Note Overdrive % T%
13 Energy Rating ft-lbs Min. Bearing Required tons
14 Max. Bearing Allowed tons
Abutment ] Pier N County
Project
Type of Hammer (Br. No.) and/or Sta
Wt. of H: Ibs Type of Pile
Wt. of Cap and/or Anvil Ibs Min. Bearing Required ton
Energy Rating ft-Ibs Max. Bearing Allowed ton
N 1.6 W H
Number, Individual Length, Bearing Formula Used: S+0.1(X/W**)
and Total Length of Pile: Footing Sketch (Please Complete h
Plan Cutoff Elev. (ft) = T ft
Wt. per foot piling (lbs/ft): “lbs/Tt

4

Type of Cushion Mat’l:

2
2 Actual | Ordered | Spliced S | Length Average [Computed
ile|Z[ g [variedplan ; " Actual | £ B [ pileyip | Stroke B P &
w.| 8 g Cutoff Elev. Length in 8 After cutoff | @ Left in Elev. (Drop of | Penetration | Bearing q-’é‘
e ‘| Leads [Accepted| Drive ¥ | Footing © |Hammer)| (inches) Power




Bottom Section is for recapping the top section.

Total Accepted Length =

Production Pile Pay Length =
Test Pile Pay Length =
Production Pile Pay Cutoff =
Non Pay Cutoff =

[ ****#***Contract Line ltem N

b

ft Remarks:

Test Pile Cutoff =

No. of Test Pile Pay Splices =
No. of Pay Splices =

0

CUTOFF ADJUSTMENTS| Reg | Test

Non Pay Cutoff used for Splice =
Pay Cutoff used for Splice =
Total Cutoff used for Splice =| 0.00 | 0.00

Refer to 704.4 Measurement and Payment

Abutment

Pier

Inspected By:
Checked By:

Submitted By:
County
Project

(Br. No.) and/or Sta

Second page used for continuous Log of Pile. Used for Test pile and
PDA piling when required.

G | Total Average Computed |Computed
E Pile |Length Driven Number of Blows Drop of Hammer Penetration Resistance vs.
& | Length | From] To (Blow Count) (Stroke) (ft.) (in.) (tons) Specified

0.00




General Information

= County, Project Number, Bridge No. and Station for
the structure

= Enter number the of the Abutment or Pier where the
pile was driven

m Type and size of pile — enter entire description
= Some Examples:
= Pile (steel) HP10 x 42
= Test Pile Special (steel) HP12 x 53
= Pile (prestressed concrete) 12 inch

= Type of hammer
» Type, brand, model & size
» Example: Diesel-Delmag D15

= Weight of the hammer (piston/ram)

= Denoted on the hammer specification plate
furnished by the contractor

= Or look up in the reference chart in the Bridge
Construction Manual

= Online at:

http://www.ksdot.org/Assets/wwwksdotorg/bureaus/burStructGeot
ech/ConstructionManual/pile.pdf




217-aa Pile driving and
Equipment data

Notice to Contractors

Pile and Driving Equipment Data
Test Pile/Test Pile (Special), Section 704, Division 700, 2007 Standard Specifications

roject No. County

le Contractor or Subcontractor

HAMMER
COMPONENTS
= Tz
Z 3
2
3
®
=
E
3

(fe-1b]
Fuel Settin
ANVIL Modifications.

CAPBLOCK

&8s Al
| | Modulus of Elasticity (E) (psi)

General Information

= Weight of the Cap and/or Anvil

= Supplied by the contractor
= May be welded on, or listed on a plate

= Energy rating of the hammer

= Denoted on the hammer specification plate
= Can look it up in the Bridge Construction Manual

= Online at:
http://www.ksdot.org/Assets/wwwksdotorg/bureaus/burStruct
Geotech/ConstructionManual/pile.pdf




General Information

@ Minimum bearing required

= This is the Allowable load
o Do not confuse this with the design load

o Found on the Summary of Quantities
and General Notes Page

= Maximum bearing allowed
= 110% of allowable load
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designate the E xcavation Boundary Plane of
Closs | and Class Il Excovation: Class |
above the plane, Class Il below the plane.
See the Bridge Excavation sheet for the
limits of pay excovation.

BACKFILL COMPACTION: Compact backfill af the abutments. LRFD DESIGN PILE LOAD:

PILING: Drive all piling to penetrate or bear upon fhe ] D
alluvial sediments. Driving shall sfop when in the opinion Loading (Togzsfe? ,L;?gfp ) {T.g:;‘gw;eb:e;zar; )
of the Engineer additional driving may damage the piling. 49.6 77
Drive all piling to the minimum computed bearing value :
equal to the Allowable Pile Load:

Abut. Service I -

Piers.  Service I - 7.6 i g
Abutment No. | 77 Tons
Pier No. | 77 Tons
Pier No. 2 77 Tons
Abutment No. 2 77 Tons

When using the pile driving formula in the KDOT
Specifications, drive the pile fo the Allowable Load and
penetration, but in no case shall the pile be driven to
MORE THAN 115 Tons. Atany location where problems
are experienced, pile damoge is suspected, or apparent
refusal occurs significantly above the design pile tfip
elevation, the Engineer may request that the Pile

Driving Analyzer (PDA) equipment be used.

CORRAL RAIL: Build the corral rail ofter the falsework is Il
06-26-06 Current Relegse JPJ KFH

3

z

]
S (WO, DATE REVISIONS B P
ABUTMENT STRIP DRAIN: See the General Nofes on fhe EAAS pe
“Abutment Strip Drain® sheef.

BRIDGE BACKWALL PROTECTION SYSTEM:See the
General Nofes on the "Abutment Strip Drain® sheef.

TEST PILE (Special): Two fest piles shall be driven prior fo
production driving. The test pile will be monifored by the
Pile Driving Analyzer. Contact the Geology Section as
seon as @ lenlative schedule has been established for driving
the fest pile. The Geology Section reserves the right fo request
@ 24-hour restrike of the test pile. I

General Notes for LRFED Pile Design:

PILING: Drive all piling to [penetrate or bear upon the formation](or)[a
minimum elevation of . Driving shall stop when in the opinion of the
Engineer additional driving may damage the piling. Drive all piling to the Pile Driving
Formula Load of:

Abutment No. 1 Tons
Pier No. 1 Tons
Pier No. 2 Tons
Abutment No. 2 Tons

As a minimum drive each pile to the load and penetration, but in no case shall the pile
be driven to MORE THAN 110% of Pile Driving Formula Driving Load. At any
location where problems are experienced, pile damage is suspected, or the Pile
Driving Formula Load occurs significantly above the design pile tip elevation, the
Engineer may request that the Pile Driving Analyzer (PDA) equipment be used.

*** The Designer will fill in the above blanks in Tons with the controlling Strength |
Limit State***

***\When the PDA is used, the piles are driven to a Strength/phi resistance value.




More General Information
Information in blue circle comes
from plan sheet.

A B C DIEIFGH|I | JKLIMNO|P Q R S| T U|V WX Y| ZAAABAC

Abutment 1 Pier A County Riley
Project K-XXXX-01103)
Type of Hammer D-19 (Br.No) andfor Sta  (103) 104513.17
Wt. of Hammer 3750.00 |bs Type of Pile HP 12x53
Wt. of Cap and/or Anvil 420.00 Ibs Min. Bearing Required 65 ton
Energy Rating ft-lbs Max. Bearing Allowed 715 ton
Numbgerfdividual Length,| © & 25 = 225 nor A = 16 W H

Bearing Formula Used: STOL[W™
Al

. 416 bat
d Total Length of Pile: oting Sketch (Please Complete

Plan Cutoff Elev. (ft) = 986.150 Yt
oot piling (Ibs/ft): 42 Ybs/ft

Wt.

Type of Cushion Mat™T:

General Information

= Number, Individual Length and Total

Length of Pile @
%

7 avissar kil

= Enter the total length for the abutment or
pier represented

[/

= Also give a breakdown of the number and
the length of piles used

= Example: 4@50 ft. and 4@42 ft. = 368 ft.
= This will not change if driven length is different.




General Information

= Plan cutoff elevation as shown on plans
= Enter top of pile elevation as shown on plans

=@ Type of cushioning material used for the
hammer or pile

= Example: Conbest, micarta

= Maybe plywood for a pile cushion on
concrete pile

General Information .

= Weight per unit length of pile
= For H-pile HP10x42

= The 10 represents the width of the web in inches
= 42 represents the weight of the pile per foot (pounds/ft)

= For steel pipe pile

= weight per length can be found on the mill test/lading ticket
from the supplier

10



General Information

= Weight per unit length of pile

= For pre-stressed concrete
= Weight per length should be given in test report
o Or one can use a density of 150 Ibs/ft2 to calculate
a theoretical weight per unit length
= 12” square = 150 Ibs/ft.
= 14” square = 204.22 Ibs/ft.
= 16” octagonal = 219.6 Ibs/ft.

General Information

= Bearing formula

» Bearing formula is automatically entered based on
type of hammer used.
i émvitly (Steel) Air-Steam (ngl) SAFSEEET(DB)” Delmag & McKier-Terry m‘

= Footing sketch

= Draw a sketch of the footing with piles numbered to
represent the numbers listed in the “Pile No.” column
on the form

= A north arrow must be shown

11



Driving Information

= Represents the location of
the pile no. listed in the

data section.
FOOTING SKETCH

Driving Information
The Middle Portion of the Form

1.6 W H
S+0.1(X/W** ]
)
e

~
Number, Individual Length, Bearing Formula Used:
and Total Length of Pile:

Plan Cutoff Elev. (ft) = 100.000 ™ fr
Wt. per foot piling (Ibs/ft): 42 YTbs/Tt

Type of Cushion Mat'l:

=

® ]

= varled plan| Actual Ordered | Spliced Actual ‘E. Length pile Tip Stroke Average |Computed &

%[ & |cutofrrev. |t e BN In] & After | orr | & | Leftin N tration | Bearin g | s
= | reads |Accepted| Drive F | rooting © | Hammer 1| ) Wi <




Driving Information

= Report pile length to the nearest
= one hundredth of a foot (0.01 ft)

= Elevations are calculated to
= One hundredth of a foot (0.01 ft)
= Computer generated.

Pile é M Varied Spliced Actual é Leng.th pile Tip Stroke AveragAe Compl'lled {‘
No. E =2 Plan Cutoff| Afltcr cutoff | @ L:\‘t.m Elev. (Drop of Pe:le!ratwn Bearing Q,,o
= Elev. Drive E Footing Hammer)| (inches) Power
Al 3/20| 1000.000 5.25 2475 975.25 9.00 0.2500 77.1 High
A2 3/20] 1.25 1 26.75 959.40 9.50 0.3000 713 OK
A3 |y 3/20 3.25 25.75 960.40 10.00 0.2000 100.0 High
Ad 3/20 0.00 25.30 960.85 10.00 0.3500 66.7 OK
A5 3/20 150 23.50 962.65 10.00 0.2500 85.7 High
AB 3/20 3.00 22.00 964.15 11.00 0.3000 82.5 High
A7 3/20] 1.70 23.30 | 962.85 9.50 0.3000 713 OK
AB 3/20 1.70 23.30 962.85 10.00 0.3500 66.7 OK
AS 3/20 2.00 0.00 1 27.00 §59.15 10.00 0.2500 85.7 High
Al0 3/20 1.40 2410 962.05 10.00 0.2500 85.7 High
Bl 3/20 1.90 50.10 936.05 10.00 0.2500 85.7 High
B2 3/20 3.50 48.50 937.65 11.00 0.2500 943 High
B3 3/24 4.00 48.00 938.15 9.00 0.3000 67.5 OK
B4 3/24 5.00 47.00 939.15 10.00 0.3000 75.0 High
B5 3/24 2.00 0.00 1 54.00 932.15 10.00 0.3500 66.7 OK
B6 3/24 155 50.45 935.70 10.00 0.2500 85.7 High
B7 3/24 170 50.30 935.85 10.00 0.2500 85.7 High
B8 |y 3/25 23.80 51.20 934.95 11.00 0.1500 132.0 High
BS 3/25 1.90 50.40 935.75 11.00 0.2500 94.3 High
200 | 6240 §95.70 |

ength
Placed in Leads
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Driving Information

= 1. “Actual Length Placed in Leads”
= This is the length the Contractor opts to use

= |t is used to calculate weight of pile for use
in the bearing formula

= When driving first starts, the “Actual Length Placed in
Leads” is equal to the length picked up in the leads
s can change as driving progresses if splices are
made

Driving Information

= 2. “Actual Length Placed in Leads”

= a. If bearing is not achieved and a splice is
required, the new value for “Actual Length
Placed in Leads” becomes:

= The original length placed in the leads plus the
length of pile spliced onto it.

14



Example 1

= 45 feet picked up to start.

= 15 feet spliced on and driven to
achieve bearing.

m 60 feet = “Actual Length Placed in Leads”

Driving Information

= 3. “Actual Length Placed in Leads”

= b. If bearing is achieved prior to splicing
and the splice is made solely to achieve plan
cutoff (no more driving to be done on the pile), the
“Length Placed in Leads” remains the
original length in the leads

= In this situation the “Ordered and Accepted
Length” (original length + splice length) is
greater than the “Length Placed in Leads”

15



Situations in which the “Ordered and
Accepted” length will differ from the plans

= 4. Ordered and Accepted

2015 Specifications 704.3a
The order list is the same as the estimated quantity

(number and length of piles) shown in the Contract
Documents.

Driving Information

= 5. Ordered and Accepted

= Typically is the length the Engineer
instructs the Contractor to use

o i.e. the length of pile indicated on the plans

= But in situations the “Ordered and

Accepted” length will differ from the
plans

16



Example 2

= 25 feet picked up and driven to bearing

= 2 feet spliced on to bring the pile top up to
cut off elevation but no more driving
occurred

@ “Actual Length Placed in Leads” = 25 feet

= “Ordered and Accepted Length” = 27 feet
@ “Length Left in Foundation” = 27 feet

»
pile % o |varied plan Actua! Ordered | Spliced Actual E Lengvth pile Tip Stroke Averag:g [umpl.jled &
No. E g Cutoff Elev. Length in & After Cutoff E Left in Elev. (Drop of | Penetration| Bearing Q@o
S Leads [Accepted| Drive F Footing Hammer) (inches) Power
al 3/20| 1000.000 30.00 25.00 5.25 24.75 975.25 9.00 0.2500 77.1 High
a2 3/20 28.00 26.75 1.25 | 1 26.75 959.40 9.50 0.3000 71.3 OK
a3 |y | 3/20 29.00 28.00 3.25 25.75 960.40 10.00 0.2000 100.0 High
a4 3/20 25.30 25.30 0.00 25.30 960.85 10.00 0.3500 66.7 OK
A5 3/20 25.00 25.00 1.50 23.50 962.65 10.00 0.2500 85.7 High
A6 3/20 25.00 25.00 3.00 22.00 964.15 11.00 0.3000 82.5 High
a7 3/20| m 25 1.70 23.30 962.85 9.50 0.3000 713 OK
a8 3/20| 25.00 25.00 1.70 23.30 962.85 10.00 0.3500 66.7 OK
as 3/20 25.00 27.00 2.00] 0.00 1 27.00 959.15 10.00 0.2500 85.7 High
al0 3/20| R ———— 1.40 24.10 962.05 10.00 0.2500 85.7 High
81 3/20] 52.00 52.00 1.50 50.10 936.05 10.00 0.2500 85.7 High
B2 3/20 52.00 52.00 3.50 48.50 937.65 11.00 0.2500 94.3 High
83 3/24 52.00 52.00 4.00 48.00 938.15 9.00 0.3000 67.5 OK
84 3/24 52.00 52,00 5.00 47.00 939.15 10.00 0.3000 75.0 High
85 3/24 [ 52.00 54.00 2.00 0.00 | 1 54.00 932.15 10.00 0.3500 66.7 OK
36 3/24 l 52.00 52.00 1.55 50.45 935.70 10.00 0.2500 85.7 High
37 3/2a P YR 1.70 5030 | 935.85 | 10.00 0.2500 85.7 High
88 |y 3/25 75.00 55.00 23.80 51.20 934.95 11.00 0.1500 123.5 High
89 3/25 52.30 52.00 1.90 50.40 935.75 11.00 0.2500 94.3 High
-
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Situations in which the “Ordered and
Accepted” length will differ from the plans

= 3. Ordered and Accepted

= a. If the length listed on the plans is too short and
additional pile length is needed, the contractor is
authorized to add the additional length.

= “Ordered and Accepted” length is now equal to the original
length on the plans plus the additional length authorized to
be spliced on

Example 3

= 45 feet listed on plans picked up and
driven but bearing is not achieved

= 15 feet authorized to be spliced on

= 60 feet = “Ordered and Accepted Length”
= 60 feet = “Actual Length Placed in Leads”

18



Situations in which the “Ordered and
Accepted” length will differ from the plans

= 4. Ordered and Accepted

= b. If the Contractor opts to use a longer pile than
called for and the additional length, in whole or part,
is needed to achieved bearing and “Plan Cutoff
Elevation”, the “Ordered and Accepted” length is equal
to the length of pile left in place.

= Now “Ordered and Accepted” length and “Length Left in
Foundation” are equal.

Example 4

= 45 feet called for on the plans
= Contractor picks up a 50 footer to drive
= 48 feet was needed to achieve bearing

= “Ordered and Accepted Length” =
“Length Left in Foundation” = 48 feet

= “Actual Length Placed in Leads” = 50 feet

19



Driving Information

= 5. Actual Measured Cutoff

= The actual length of pile cutoff is the difference

between the “Actual Length in Leads” length and what

is left in footing.

"
pile % o |varied pian Actual- Ordered | Splice] Actual g I.eng:th Pile Tip Stroke Averagle Comp‘ned f’
No. | B g Cutoff Elev. Length in & Aftel Cutoff S| Leftin Elev. (Drop of | Penetration | Bearing q-"s\
e Leads |Accepted| Drivg E Footing Hammer) | (inches) Power
a1 3/20| 1000.000 30.00 25.00 5.25 24.75 975.25 9.00 0.2500 771 High
a2 3/20 28.00 26.75 1.25 1 26.75 959.40 9.50 0.3000 713 0K
a3 |y 3/20 29.00 28.00 3.25 25.75 960.40 10.00 0.2000 100.0 High
a4 3/20 25.30 25.30 0.00 25.30 960.85 10.00 0.3500 66.7 OK
A5 3/20 25.00 25.00 1.50 23.50 962.65 10.00 0.2500 85.7 High
a6 3/20 25.00 25.00 3.00 22.00 964.15 11.00 0.3000 82.5 High
A7 3/20 25.00 25.00 1.70 23.30 962.85 9.50 0.3000 71.3 OK
ag 3/20 25.00 25.00 1.70 23.30 962.85 10.00 0.3500 66.7 OK
as 3/20 25.00 27.00 2.00 0.00 1 27.00 959.15 10.00 0.2500 85.7 High
a10 3/20 25.50 25.00 1.40 24.10 962.05 10.00 0.2500 85.7 High
31 3/20 52.00 52.00 1.90 50.10 936.05 10.00 0.2500 85.7 High
32 3/20 52.00 52.00 3.50 48.50 937.65 11.00 0.2500 94.3 High
83 3/24] 52.00 52.00 4.00 48.00 938.15 9.00 0.3000 67.5 OK
84 3/24] 52.00 52.00 5.00 47.00 939.15 10.00 0.3000 75.0 High
85 3/24 52.00 54.00 2.00 0.00 1 54.00 932.15 10.00 0.3500 66.7 OK
36 3/24) 52.00 52.00 1.55 50.45 935.70 10.00 0.2500 85.7 High
87 3/24 52.00 52.00 1.70 50.30 935.85 10.00 0.2500 85.7 High
38 |y 3/25 75.00 55.00 23.80 51.20 934.95 11.00 0.1500 123.5 High
39 3/25 52.30 52.00 1.0 50.40 935.75 11.00 0.2500 94.3 High

20



Driving Information

= 6. Actual Measured Cutoff

= a. The “Actual Measured Cutoff” may not equal “Pay

Cutoff”
o |f the Contractor elects to use a longer pile than was
specified, the length in excess of the length specified is

considered “Non Pay Cutoff”

Driving Information
= 7. Splicing Cutoff on another pile

= The “Actual Measured Cutoff” from one pile
may be spliced in part, or in whole, to
another pile.
o |t may become part of the “Ordered and Accepted
Length” on the pile that received the splice
* This depends on the length of pile the Contractor was
directed to use.
Be sure to track where the cutoff came from and where it is

going to. If the cutoff from one pile is used in a different bent,

then you will need to address that in the remarks of both
locations.

21



pile .-E & Varied Actuall Ordered | Spliced Actual _L.,i Leng?h pile Tip Stroke Averag‘e Compllned &
No. E 2 Plan Cutoff|Length in & Af}er cutoff | @ Leftlln Elev. (Drop of PEI.IEUBIIDH Bearing q_'a"‘
- Elev. Leads |Accepted| Drive é‘ Footing Hammer)| (inches) Power
Al 3/20| 1000.000 30.00 25.00 5.25 2475 975.25 9.00 0.2500 77.1 High
A2 3/20 28.00 26.75 1.25 1 26.75 959.40 9.50 0.3000 713 OK
A3 3/20 29.00 28.00 3.25 25.75 960.40 10.00 0.2000 100.0 High
Al 3/20 25.30 25.30 0.00 25.30 960.85 10.00 0.3500 66.7 OK
AS 3/20] 25.00 25.00 1.50 23.50 962.65 10.00 0.2500 85.7 High
A6 3/20 25.00 25.00 3.00 22.00 964.15 11.00 0.3000 82.5 High
A7 3/20] 25.00 25.00 1.70 23.30 962.85 9.50 0.3000 71.3 OK
A8 3/20] 25.00 25.00 170 23.30 962.85 10.00 0.3500 66.7 OK
AS 3/20 25.00 27.00 2.00 0.00 1 27.00 959.15 10.00 0.2500 85.7 High
Al10 3/20 25.50 25.00 1.40 24.10 962.05 10.00 0.2500 85.7 High
Bl 3/20 52.00 52.00 1.90 50.10 936.05 10.00 0.2500 85.7 High
B2 3/20 52.00 52.00 3.50 48.50 937.65 11.00 0.2500 943 High
B3 3/24 52.00 52.00 4.00 48.00 938.15 9.00 0.3000 67.5 OK
B4 3/24 52.00 52.00 5.00 47.00 939.15 10.00 0.3000 75.0 High
BS 3/24 52.00 54.00 2.00 0.00 1 54.00 932.15 10.00 0.3500 66.7 OK
B6 3/24 52.00 52.00 1.55 50.45 935.70 10.00 0.2500 85.7 High
B7 3/24 52.00 52.00 1.70 50.30 935.85 10.00 0.2500 85.7 High
B8 |y 3/25 75.00 55.00 23.80 51.20 934.95 11.00 0.1500 132.0 High
B9 3/25 52.30 52.00 1.90 54 935.75 1.00 0.2500 High

in Foundation

Driving Information

= 8. Length left in foundation:

= |s The Pay Length: The length of pile left after any
cutoff is removed or the addition of a splice is made
after driving to achieve the desired elevation. If splice is
made after bearing is achieved, the new “Order and
Acceptance” length is equal to pay length provided the
new length is equal to or greater than the plan length.
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»
pile % o |varied plan Actual_ Ordered | Spliced Actual é Leng}h pileTip Stroke Averag.e Comptxted e
g E Lengthin & After 21 Leftin Drop of | Penetration| Bearing &
No.| 2| 2 |cutoffElev. . Cutoff ) Elev. | ) @
- Leads |Accepted| Drive E Footing lammer) | (inches) Power
Al 3/20( 1000.000 30.00 25.00 5.25 24.75 975.25 9.00 0.2500 77.1 High
A2 3/20 28.00 26.75 1.25 1 26.75 959.40 9.50 0.3000 713 OK
A3 |y 3/20 29.00 28.00 3.25 25.75 960.40 10.00 0.2000 100.0 High
A4 3/20 25.30 25.30 0.00 25.30 960.85 10.00 0.3500 66.7 OK
A5 3/20 25.00 25.00 1.50 23.50 962.65 10.00 0.2500 85.7 High
A6 3/20 25.00 25.00 3.00 22.00 964.15 11.00 0.3000 82.5 High
A7 3/20 25.00 25.00 1.70 23.30 962.85 9.50 0.3000 71.3 OK
A8 3/20 25.00 25.00 1.70 23.30 962.85 10.00 0.3500 66.7 OK
A9 3/20 25.00 27.00 2.00 0.00 il 27.00 959.15 10.00 0.2500 85.7 High
Al0 3/20 25.50 25.00 1.40 24.10 962.05 10.00 0.2500 85.7 High
Bl 3/20 52.00 52.00 1.90 50.10 936.05 10.00 0.2500 85.7 High
B2 3/20 52.00 52.00 3.50 48.50 937.65 11.00 0.2500 94.3 High
B3 3/24 52.00 52.00 4.00 48.00 938.15 9.00 0.3000 67.5 OK
B4 3/24 52.00 52.00 5.00 47.00 939.15 10.00 0.3000 75.0 High
BS 3/24 52.00 54.00 2.00 0.00 1 54.00 932.15 10.00 0.3500 66.7 OK
B6 3/24 52.00 52.00 1.55 50.45 935.70 10.00 0.2500 85.7 High
B7 3/24 52.00 52.00 1.70 50.30 935.85 10.00 0.2500 85.7 High
B8 |y | 3/25 75.00 55.00 23.80 51.20 934.95 11.00 0.1500 123.5 High
B9 3/25 52.30 52.00 1.90 50.40 935.75 11.00 0.2500 94.3 High
754.10 730.05 62.40 695.70

= 9. Pile tip elevation

Driving Information

= |s typically the “plan cutoff elevation”

= |f battered piles are used, the batter needs

minus the length left in foundation

to be taken into account to determine the
tip elevation
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»
pile % o |varied plan Actual_ Ordered | Spliced Actual § Leng.th pile Tig Stroke Averag.e Comp?ted
No. | B g Cutoff Elev. Length in & After Cutoff 21 Leftin Elev. (Drop of | Penetration| Bearing &
o . > N . R
- Leads |Accepted| Drive 5 Footing Hammer) | (inches) Power
Al 3/20| 1000.000 30.00 25.00 5.25 24.75 975.25§ 9.00 0.2500 77.1 High|
A2 3/20 28.00 26.75 1.25 1 26.75 959.40f 9.50 0.3000 713 OK
A3 |y 3/20 29.00 28.00 3.25 25.75 960.40f 10.00 0.2000 100.0 High|
A4 3/20 25.30 25.30 0.00 25.30 960.85 10.00 0.3500 66.7 OK
A5 3/20 25.00 25.00 1.50 23.50 962.654 10.00 0.2500 85.7 High|
A6 3/20 25.00 25.00 3.00 22.00 964.19) 11.00 0.3000 82.5 High|
A7 3/20 25.00 25.00 1.70 23.30 962.85 9.50 0.3000 71.3 OK
A8 3/20 25.00 25.00 1.70 23.30 962.85f 10.00 0.3500 66.7 OK
A9 3/20 25.00 27.00 2.00 0.00 1 27.00 959.15f 10.00 0.2500 85.7 High|
Al0 3/20 25.50 25.00 1.40 24.10 962.05§ 10.00 0.2500 85.7 High|
Bl 3/20 52.00 52.00 1.90 50.10 936.05§ 10.00 0.2500 85.7 High|
B2 3/20 52.00 52.00 3.50 48.50 937.65f 11.00 0.2500 94.3 High
B3 3/24 52.00 52.00 4.00 48.00 938.15§ 9.00 0.3000 67.5 OK
B4 3/24 52.00 52.00 5.00 47.00 939.15§ 10.00 0.3000 75.0 High|
BS 3/24 52.00 54.00 2.00 0.00 1 54.00 932.15 10.00 0.3500 66.7 OK
B6 3/24 52.00 52.00 1.55 50.45 935.704 10.00 0.2500 85.7 High|
B7 3/24 52.00 52.00 1.70 50.30 935.85 10.00 0.2500 85.7 i
3/25 75.00 F ] 11.00 500 123.5.
52.30
754.10 730.05 62.40 695.70

Driving Information

m 10. Stroke or Drop of Hammer
= Observed by the inspector and recorded

m 11. Average penetration

= The penetration per 20 blows divided by 20
= Example 5 inches per 20 blows = .25 inch per blow
= Could be less than 20 blows i.e. 5 blows.

m 12. Computed Bearing capacity of pile

= Computed by the inspector or computer

= Note: All inspectors are required to know how to manually
calculate bearing using the bearing formula




Jotals

|
><[>|j><]><::|75-10|73ws 0 624 | |69STO|:>—<:|><:|]::—:::|:>—<]><]

[ #**+=#Contract Line tem Number"""“’| n |
Total Acgffted Length = 73005\ Remarks:
Production flle Pay Length = 61875 7' Pile A1 thru A10 are normal pile
Test Hle Pay Length = 7920 f° Pile B1thru B9 are battered at 15 degrees
Production file Pay Cutoff = 2430 ft" Pile A3 and B3 are test pile
n Pay Cutoff = 530 ft Used 13.2 feet of B8 test pile non-pay cutoff to make pile B9
st Pile Cutoff = 2305 ft Used 3.8 ft. test pile cutoff B8 on B9
3 unplanned splices made at to A2, A9, B5
No. of Test Plle Pay Splices = 0 A9 used 2 ft. of pay cutoff from A6 to make elevation
No. Qay Splices = 3 j BS used 2 ft. brom B3 to make elevation
CUTOFF ADJUSTMENTS| Reg | Test Inspected By: \

Non Pay Cutoff used for Splice=| 175 | 3.80

Pay Cutoff used for Splice = n Checked By
Total Cutoff used for Splice = a Sas

Refer to 704.4 Measurement and Paymenl Department of Transpartation  Submitted By:

Driving Information

= 13. “Totals” -- Total each column
0 “Actual length placed in leads”
0 “Ordered and accepted”
o “Actual measured cutoff”

o “Length left in foundation”
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Accepted Longth and Non Pay Cutoff

OO R R ARt ==

otal Accepted Length = 73005 ft

T 7™ Contract Line ltem Number****++++ ] |

Remarks:

profuction Pile Pay Length= 618,75 ft'

Pile A1 thru A10 are normal pile

TestPilePaylength= 7920 Rt

Pile B thru B9 are battered at 15 degrees

profluction Pile Pay Cutoff= 2430 "

Pile A3 and B8 are test pile

Non Pay Cutoff = 530 ft

Used 132 feet of B8 test pile non-pay cutoff to make pile B9

Test Pile Cutoff = 2325 ft

Used 3.8 ft. test pile cutoff B8 on B9

3 unplanned splices made at to A2, A9, B5

No. Jf Test Pile Pay Splices = 0 A9 fed 2 ft, of pay cutoff from A6 to make elevation
No. of Pay Splices = 3 ] B5used 2t brom B3 to make elevation
J/
CUTOFF ADJUSTMENTS| Reg | Test Inspected By: \

Non Pay Cutoff used for Splice = 175

380

Pay Cutoff used for Splice = ans aS Checked B
Total Cutoff used for Splice =|

Refer to 7044 Measurement and Pavmenl

Department of Transportation  Submitted By:

Driving Information

= 14. “Accepted Length”

s Equals the total from the “Ordered
and Accepted” column
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Driving Information

= 15. “Non Pay Cutoff”

= Represents the length of pile in excess
of the length specified and was cutoff

= Equals the “Actual Measured Cutoff”
column minus any “Pay Cutoff”

Non Pay Cutof used for Splice

""" Bt Line tem Number* J1** [ ]
Total Accepted Length = JJ] /[.
Production Pile Pay Length = v ’ H IS [ & l
Test Pile Pay Length = ' Pile BLTNTU BY are vattered a eg
Production Pile Pay Cutoff = 2830 ft" Pile A3 and B8 are test pile
Non Pay Cutoff = 530 ft Used 13,2 feet of B3 test pile non-pay cutoff to make pile BS
Test Pile Cutoff = 23.25 ft Used 3.8 ft. test pile cutoff B3 on B9
3 unplanned splices made at to A2, A9, BS
No #PTest PI1E Pay SPIICes = 0 A9 usedN{t. of pay cutoff from A6 to make elevation
No. of Pay Splices = 3 B5 ujed 2 ft. brom B3 to make elevation
CUTOFF ADJUSTMENTS] Reg Y Test | Inspected By: k
Non Pay Cutoff used for Splice=| 1.75 | 3.80
Pay Cutoff used for Splice =| 4.00 Checked By. A
Total Cutoff used for Splice =| 5.75 | 3.80 a :lsas
Qderm 704.4 Measurement and Payment I)upunmw Transportation  Submitted By k
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Driving Information

= 16. “Non Pay Cutoff Used for
Splice”

= |s the length of pile that was originally
considered part of “Non Pay Cutoff”, but
was spliced to another pile to achieve
“Plan Cutoff Elevation” and/or bearing

Example 9

= 45 feet called for on the plans
= Contractor picks up a 50 footer to drive
= 45 feet was needed to achieve bearing

= Contractor cuts off the other 5 feet as “Non Pay Cut Off”

@ This 5 feet is spliced to another pile and becomes
“Non Pay Cut Off Used For Splice”

28



Driving Information
= 17. Pay cutoff used for splice

= |s the length that was originally considered part of the
“Pay Cutoff” from one pile but was spliced to another
pile to achieve “Plan Cutoff Elevation” and/or bearing.

= Since this cutoff was previously considered “Pay Cutoff”
deduct it from the “Pay Cutoff” total so it is not paid for
as “Pay Length” and “Pay Cutoff”.

= |[f came from different location, the first report will need
to be amended to track pile cutoff to new location.

Example 10

= 45 feet listed on plans picked up and
driven but bearing is not achieved

= 15 feet authorized to be spliced on but
only 10 feet can be driven

= 5 feet has to be cut off as “Pay Cut Off”

= This 5 feet is spliced on another pile and
becomes “Pay Cut Off Used For Splice”
and is now “Pay Length”

29



Example 10 con’t

= Since this cutoff was previously considered “Pay
Cutoff” deduct it from the “Pay Cutoff” total so it
is not paid for as “Pay Length” and “Pay Cutoff”.

Driving Information

= 18. “Cutoff Used for Splice”

= Equals the “Non Pay Cutoff Used for
Splice” plus “Pay Cutoff Used for
Splice”
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Number of Pay ,Snllces

Total Accepted Length =

Production Pile Pay Length = 618.75 ft\ Pile A1 thru A10 are normal pile
TestPile Pay Length = 7920 ft° 3

Production Pile Pay Cutoff = 2430 1t LI g8 MT
Non Pay Cutoff = 530 ft wf ., E'£8 Y7 ] 5’ j" ‘ el
Test Pile Cutoff = 23.25 ft . Bd 3.8 B
planned splices made at to A2, AB B5
No. of Test Pile Pay Splices = 0 A9 used 2 ft. of pay cutoff from A6 to make elevation
No. of Pay Splices = 3 B5 used 2 ft. brom B3 to make elevation
CUTOFF ADJUSTMENTS| Reg 1 Testw Inspected By: Y

Non Pay Cutoff used for Splice=| 1.75 | 3.80
Pay Cutoff used for Splice=[ 4.00 n Checked By: !
Total Cutoff used for Splice=| 5.75 | 3.80 a SaS

PYRIYCTYVET) b daynant artment of Transportation  Submitted By: i

Driving Information

=19. “Number Pay Splices”

= Total number of splices ordered by KDOT to
extend the pile beyond the original “Ordered
and Accepted Length”

= Splices made for contractor’s convenience
are not considered pay splices
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Driving Information

= 20. “Pay Length”

= Equals the total from the “Length Left in Foundation”

column

= 21. “Pay Cutoff” equals the

“Actual Length in Leads”
minus “Length Left in Foundation”
minus “Test & Non Pay Cutoff”

1 | ]
===
| #3333323Contract Line ltem Numbel"'"""[ 27 |
Total Accepted Length = 73008
Production Pile Pay Length = ¥s.75 fty Pile Al thru A10 are normal pile
Test Pile Pay Length = 9.20 ft Pile B1 thru B9 are battered at 15 degrees
Production Pile Pay Cutoff = 4.30 ft Pile A3 and B8 are test pile
Non Pay Cutoff = 5.30 ft Used 13.2 feet of B8 test pile non-pay cutoff to make pile B9
Test Pile Cutoff = p3.25 ft Used 3.8 ft. test pile cutoff B8 on B9
3 unplanned splices made at to A2, A9, B5
No. of Test Pile Pay Splices = 0 A9 used 2 ft. of pay cutoff from A6 to make elevation
No. of Pay Splices = 3 B5 used 2 ft. brom B3 to make elevation
CUTOFF ADJUSTMENTX, Reg | Test | Inspected By: )

Non Pay Cutoff used for Splice
Pay Cutoff used for Splice
Total Cutoff used for Splice

b 5 3.60
A

Fomm Kangag o

Refer to 704.4 Measurement and Payment Department of Transportation  Submitted By:
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Driving Information

@ 22. “Remarks”—provide a recap of all
splicing information and unique
information
= a. Indicate if it was pay or non-pay splice

(i.e. was it ordered by KDOT or was it the Contractors option)

b. Which pile the splice came from

c. Which pile the splice was spliced to

d. The length of the splice pile

e. Indicate if the splice was made after bearing

was achieved

f. Other information as you see fit

64 Abutment 1 Pier Project K-XXXX-01 (103)
65 (Br.No.) and/orsta___ (103) 104513.17
> 66
ul 67| g | Total Average Computed | Computed

68 i pile | LengthDriven | Number of Blows| Drop of Hammer Penetration Resistance vs.
%69 & |tength[ From ] To | (Blow Count) Stroke) (ft.) (in) (tons) | specified
W70 a4 | 255 | 150 | 450 10 6.0 5.60 49 Low

as | 2s. 00 15 6.00 2.00 86
] 253 20 6.5 2.40 7.8 L
253 20 7.0 95 L
253 20 7.50 1.50 14.1 L
253 20 8.00 1.20 185 L
253 20 8.50 C.60 364 Low
253 20 8.50 090 255 L
253 9.00 0.60 386 L
253 0 10.00 039 612 Low
u 253 20 00 69.8 Ok
5 25
253




Driving Information

= 23. Log of Continuous pile driving
and/or test pile

= Record a continuous pile driving record
for a representative pile on each
abutment and pier footing on the
structure

= The record should be inclusive from the
beginning of drive to the final bearing

When filling out the
“Log of Continuous pile driving”

m For structures under 755 feet in length, a
continuous pile driving record is required on 2
footings, one in the abutment and one in the pier
(opposite ends)

m For structures over 755 feet in length a continuous
pile driving record is required on 3 footings, one
abutment and two pier footings

= If the piers have no piling then information will be
recorded on one pile from each abutment
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When filling out the
“Log of Continuous pile driving”

=a. Record any “set” length

= Pile set with a gravity hammer from O to 16 feet
o After pile is set, record 1 foot increments

= Record the fractional increment just prior
to achieving final bearing
=47 to 47.3 feet

When filling out the
“Log of Continuous pile driving”

= b. Record the number of blows per
1 foot increments

= C. Record the observed hammer stroke

35



When filling out the
“Log of Continuous pile driving”

= d. Record Average penetration per blow

= The total 1 foot increment divided by the number of blows for
that foot

s Example: from 6.0 to 7.0 ft. you had 16 blows
1.0 ft/16 blows = 12 inches/16 blows = .75 inch/blow

= e. Record Computed bearing capacity of pile

When filling out the
“Log of Continuous pile driving”

m f. Under the last entry (the fractional increment)
Record: 1. movement in the last 20 blows (.55 ft)
2. average penetration per blow (0.33in)
3. the associated bearing (69.8 tons)

er

Project K-XXXX-01 (103)
(Br. No.) and/or Sta (103) 104513.17

Average Computed | Computed
Number of Blows Drop of Hammer Penetration Resistance vs.

(Blow Count) (Stroke) (ft.) (in.) (tons) Specified
10 6.00 3.60 4.9

of

oW
ow
0!

L

L

L

Ls
Low
L

L

L
L




Driving Information

= 24. Distribution list--Copies to
appropriate personnel

= 25. Signatures--Always

= The individual that inspected the pile drive operation

= The individual that checked any computations

Prmi R-XXXX-SIT$33
(Be_ Ha_) cadfar Sta TS63J ISSTI_TT
Trwes mf Pila — HP TZ=53F

Min. Boarias Reswirsd €5 won
Heox Bearimg Allmued 795  won

Marn Pay Cuteff -
Tors File Curaff -

Caunty Riley
Aburmens . Fier Frojec: K-EXXX-S1183)
(Br . MHo.)andfor Sta 1033 16513 47
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| AB C  DIE/FIG|H|I|J K/ LI M|N O P QR|S T|UVIWX|Y|Z|AAA
63 County Riley
64 Abutment 1 Pier Project K-XXXX-01 (103)
3| (Br. No.) and/or Sta (103) 10+513.17
)
Average Computed | Computed
Length Driven | Number of Blows Drop of Hammer Penetration Resistance vs.
) From | To ] (Blow Count) (stroke) (ft) (in) ftons) | specified
) 10 360 49
8.6
7.8
i 35
185
36.4
255
386
61.2 ow
69.8 Ok

IV

Form 271 B-the chart-make
before you begin to drive pile

Field Pile Driving Guide

Enter known data in all available cells

General Information

If you can not see colored tabs for different hammers at the hottom of the window, go to
"View" tab, "Arrange All", and hit "OK" in the window that pops up.

(This information is common to all sheets in the Workbook])

Hammer Weight
Cap and/or Anvil Weight

Energy Rating

N
Ibs

5
lbs

" ft-lbs

Hammer Information PROJECT INFORMATION
N
Type of Hammer County
Project

Type of Pile

, -
Plan Note Overdrive % o

(Br. No.) and/or Sta

Min. Resistance Raquwredmcns

Max. Resistance Allowed tons

Guide to COMPLETING the Field Pile Driving Guide - Form 2178

1 All formulas use exactly what is entered in the cells.

2 Hover the mouse cursor over any red triangle toread information concerning what needs to
be entered in the cell. Referto the "Delmag Example” tab to view sample entry data.
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Delmag McKierman Terry (Diesel Hammer)
Summary Formula Entry Data
Hammer Wt. Ibs Weight per foot of Maximum
Cap/Anvil Wt. Ibs 1.6-W-H piling (lbs/ft): los/ft. Hammer Drop
— -k R N E— ~
pile Type Length of Pile: feet ft.
Min. Res. tons X: lbs Minimum
Max. Res. tons Minimum "s" inches/blow  Hammer Drop
Em— <
Maximum "s": inches/blow ft.
Field Blow count: 20 J
Penetration per 20 blows (in.) 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 [ 0.000 | 0.000
Average Penetration per blow (in.} "S" 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 [ 0.000 | 0.000 | 0.000 [ 0.000
Drop of Hammer (Stroke) (ft.) Computed Resistance (tons)
3
Calculated Bearingis | -£
HIGH EY
Calculated Bearing is g
GOOD £
H
z
Calculated Bearingis | &
Low g
a
1000 -
g ‘g g '_: > | 0800 + 4 Min. Bearing
3% 235 > | 0800 +
£ o 2 e e 0700 1 i
] ~ g > Kl
z g7 -] > | o800 1 -;
T i3 L3 H
g o2 ER > |oso0 20
M £ £¢ > |os0 - E
E g3 g2 0300 | &
E gL e = -> &
] g < 5 0200 +
T S E SE s
5 ® 5 % H > |0100 1
E' £ R > | 0000 —E—E—E—RCR- AT
5 gs e . 2.0 20 40 60 8.0 100 120
Delmag McKierman Terry (Diesel Hammer) Example
Summary Formula Entry Data
Hammer Wt. 4200 lbs Weight per foot of Minimum
Cap/Anvil Wt. 980 lbs 1.6-W-H piling (1bs/ft): 42 lbs/ft. Hammer Drop
Pile Type P= X+ Length of Pile: 52.3 feet 4 ft.
Min. Res. 60 tons $+0.1- [ ] 3177 lbs Maximum
Max. Res. 90 tons Minimum 0.000 inches/blow Hammer Drop
Maximum "§": 0.500 inches/blow 10 ft.
PROJECT SCOPE: HP10x42 pile, 52.3 ft long...Observed approximately 4 to 4.25 inches in 20 blows with about 6 feet hammer drop.
Penetration per 20 blows (in.) 0.000 | 1.000 | 2.000 | 3.000 | 4.0p0 [ 5.000 | 6.000 | 7.000 [ 8.000 | 9.000 [ 10.000
Average Penetration per blow (in.) "s" 0.000 | 0,050 | 0.100 | 0.150 | 0.2po | 0.250 | 0.300 | 0.350 | 0.400 | 0.450 | 0.500
Drop of Hammer (Stroke} (ft.) Computgd Resistance (tons)
E‘ 4.0 134 | 90 67 54 4 38 34 30 27 24 22
- 4.6 155 103 77 62 5i 44 39 34 31 28 26
Calculated Bearing is | & 5.2 175 16 | 87 70 Based on a hammer drop of around 6.0 ft.
HIGH - 5.8 195 130 97 B | 6 Basedon aroundd inchesof penetrationin
N 6.4 215 143 108 86 g7 the last 20 blows
Calculated Bearing is g 7.0 235 157 118 94 78 Bearingis withinacceptable range: itis
GOOD £ 7.6 255 170 128 102 85 between 65 ton and 72 ton.
£ 8.2 276 184 138 110 92 79 B0 6T 55 50 5
Calculated Bearing is s 8.8 296 197 148 118 99 84 74 66 59 54 49
LOW H 9.4 316 211 158 126 105 90 79 70 63 | 57 53
2
S| 100 336 224 168 134 112 9% | 84 | 75 67 | 61 | s6
10.000
'g 20 E = 2.480 E = s | 9000 + Min, Bearing ‘0‘0‘?
E £ &
- 4.6 -1 3.152 - -> | 8000 .= ~l-Max. Bearing 6“0
I o & o 2 7000 | & e
£l sz 2 E| 38 RS > i
g ss | BE| ases 2z > | 8000 1S o
: 54 | P &| sues T & -> | 2000 1 2 =
5 4,000 T W
E| Minimum Bearing is achieved if penetration is LESS than a 3.000 &
E | numberbetween 4.496" and 5.168". 4" is less, s0 OK. ) & o
£ | Maximum Bearing s not exceeded if penetration is MORE than 2.000 Add
5 | numberbetween 2.331" and 2.779". 4" is more, s0 OK. 1.000
| Graphically, to the right, the penetration per 20 blows of sbout 0.000 ; i
of 4y, ; Drop of Harimer (ft.,
& 4" with 3 hammer drop of 6 feetis in the acceptable range. 00 20 40 6* 50 100 120







7/27/2018

ity ot e Fivwr hou twn g el E ©J
. - < i e ok s BT 2 Fl

- B e e, T Sccren e rag

e e i b it & P

Wy e o ronr

el

werte sasnin i ros section
FLoL oy AL s omils

2 - psonce

[RESTACSSID P et e o i e St Spudostns T Y Rosl S B
Ty et b O
e s e g . Tom
o

SASIACYNT 10 PN, et o et
EE =

The Fatoming Tme sre covernd I Oision 1000 o P
olierps arl

ORIV e vy ety b ASTY
AT 0 et e
T

L —

contorming  ATTY A G,

SPLEES Sovvme fr st s s v S B e @8 dufin s o
rpeatidd iy

i s bt ot ot i i sl s ot & bt e en s

iy 7.3 choe 5t A7 <F ke e St f 1 e 4o ik i et
e e e e o, e ot o it
g o e

e Sy i e e s wg

esras s
s g, e o it ¢
=+

i
H ¥ P g ettty af s, ¥ ¢ G 5 Rcoed N W g Swsrinag .
=i St e s by Auugran (AT at mvads. Fepsis wa remt oy oy
—r A e R S ETaS
-—

any| am. oz .
e o Perse Fitsn waing et s f 50 bcn win rewcg 335,

Spctuisis gy
o o AFp, SR aT e

Ty
e g - 53 sngm g et -
i i e N ey ke e st o T T s

o P st b aartes Pt

iy e e gty L Pur senT

F-i3-—13 SESus oo

comu wores

=

PRESTALSSED PESF iy prassed ey in s SPECREAT
ot T T WSS P 8 SN S :.-..m.-..,r..y_-»m-..__—
S e e L Tromsouriatan, T1e Paowiny ase v cmared o Ciision 70 o




7/27/2018

00 oy T.-tt ,
ot 1 adsTona 7t GOERAL WITES
vola A regives v 1 e se
fapr IRESTRESSED PULS ot s overts i sl SPECEICATONS St Sporcatn 51t Rt o e
1 1 QEOGANCA Wit 10 WIS TOLOMNAIEING D) -m-w- Konoua Deporteart of
e cprae o th Ergine. rmnm.nr a3 o i O 720 of
Wit of aacomet o i o iitup my 2 by o e iera = s
i fon e on ‘Abra Wotods. i g ‘:W"' by e

et ¢ i lishint o e i Cotcrde 7 sreiiusend ol e [ _ S0 3
n o i 'zwr.mm.muwnmmwmam

ALTERMTE. WETHOOE Wi of afichost of o e 1o 1o
iy 34 by 7 o 4 Pollwing ot

1. Cuf o it 207 it o g 0 e f 2

o s,

2. Gu 806, 845 s toqoty spoad it g oo,

b e T secrade o al ki wpiotins asing s o

fd
Jmlmmnmrm g e 0

bt o o o 0 Ik 8 0 o st v s b s i ot KL e o

G s fo ters as i 2. it o 71 o o) i Tty rrman sy o
Mo burs o sirands ore 0 s from e f il o g ontivers cnd o kst i dclb . o frort o e
it Tt e pie 20 evess o I te Ergive roier. 13 it it ks e g et 1 ot
rmmss,amm, e coisd (o on o bridge s, | 2 ﬁmghg’mmmmnw

e o it or iczated within i fimts o ifw subsiruchre Wil i " A
T i o s St o o, i
m:cmmwwmmmmaawmwu ,,,,’;mm"-mw- ald
WEASUREWENT D PATVENT, skt o o i | gy oo g 1 s T n
ks ahal cenply wih he Stondard Spsicaius, sl e s o f 4 s

-

T followiy Itwns ove conved in Division 1000 o e
Studard Spactiationss
:

RENFOROEMENT: s riforcing st confmirg 15 ASTH
RS/, Grads 0. Houpe and spirle gy b sifer sl or
deorea bre.

" the lcirie s expuomd fo e aimosphere for 4 s o pore
stcud fine o 1

pReTRESSHG

N raOIOTiOn pPRSTTesSINg STTaNd confErnig Ialifl MIGGr. CAST-W-PLACE SHELLS: wwamanu-mym
o Al coaftym 10 M reraturts of Mha Stareire Spefiatione.
M ) rmi o the minioun
s PSR P CACIETE PLES e e e e e e i vl
ST L st s SR S
mﬁ?‘y"h For Intwyrol wie bart aiutments o0 s, 'wﬂhwwwmwmmmwmmn mj’é‘:ﬂ%“‘m‘r -
7 o o o sy o Y DL R e s ks
. \[] g ige s, P & by o
bove, e sy eurToces of et arourd fhe gpien woking ,mnw,mw,.mw;mm;’,mmﬂﬂ,mmmmm, ﬂEEtM.mwmmnmrmmmrm
Lavgth (L) fostin. i et f fhe otk of e, priar Jo driving, o et e sphcn I delaw e Fagiens descrlind | ST Soncificatins,
Potp i e wmrwwaarvo«sw~-«v:wmwww o0 n 13 compied 0 L PONTS i sl oo v e
| e o o o sovape of # For vgrcl st ko ond s I achon I o N e s docried alvshan | ™ PSRV O P Shene Sy
SNGLE PONT PEEDP W Ly gt vt weid rom tovssd s f s xu«s' Em:#";:mmq‘mmﬂr:m;mlm;:gq1‘r:m. S e I e e
e B st s g f g |41 19100 SRR gL ] i 1 e st s
sy ose  Jame e e ot s & e e il
g DOVBLE PONT PRRP i g st s o s s iy s
% b et g gl rpemrl
Vawify foaf fillr mofof s esn oorr ploced in ol
e i Ty & W s e w8 0
AP Sy Mok i s o 8 e
HePlo Sestion <} e Section
epices s s s ceras Fapa
O TIOOTS O TOTE T T STECTT OO TS A POSeT T T IO P e e T o7~ TIOUT SO T e T TTIC CTECTTU0T TS T X
[ rod. g second fime or the rod becomes wet discard rod. a second fime or the 1
irements of the WELDING: All field welding shall meel the requirements of the WELDING: All field well
Standard Specifications. Standard Specificatior
stick welding) for Use only Shielded Metal Arch Welding SMAW (stick welding) for Use only Shielded Meld
pile splices. pile splices.
series welding rod Use only low hydrogen E70!8, 7016, or 70/5 series welding rod Use only low hydrogen
pile splicing. See (electrode) for all welding applications during pile splicing. See (electrode) for all weld
d. welding filler General Notes or proper storage of welding rod. welding filler General Notes or prope]
rod (electrode) for field welding of splices. rod (electrode) for fie
KDOT project. The New elecfrode are fo be purchased for each KDOT project. The New electrode are fo §
hermetically sealed electrode shall arrive on the project in factory hermetically sealed electrode shall arrive d
nk in front of the containers opened and labeled with indelible ink in fronf of the containers opened and
Ite and the project engineer. The label shall include the current date and the project engineer. The label shql
r shows signs of number. If the container seal is questionable or shows signs of number. If the containe
n at least one hour damage the electrode is fo be dried in an oven af least one hour damage the elecfrode i.
at a temperature of 700°F fo BOO°F. at a femperature of 70
factory packaging or Upon removal from intact hermefically sealed factory packaging or Upon removal from int
in a storage oven the drying oven the electrode is to be placed in a sforage oven the drying oven the elg
with a minimum temperature of 250°F. with a minimum fempe
ically sealed container When electrodes are removed from the hermetically sealed confainer When electrodes are rd
Fe for less than 4 or storage oven and exposed to the atmosphere for less than 4 or storage oven and e
4 hours before hours place into the storage oven for at least 4 hours before hours place into the si|
removing for use. removing for use.
4 hours or more If electrode is exposed to the afmosphere for 4 hours or more If electrode is exposed
designated with an (or 9 hours for moisture resistant electrodes designated with an (or 9 hours for moisty
pd in a drying oven R in their labeling) then electrode can be dried in a drying oven R in their labeling) th
at a temperature of 450°F to 550°F. at a femperature of 45
for 4 hours or more If the electrode is exposed to the atmosphere for 4 hours or more If the electrode is exp
i/ rod. a second fime or the rod becomes wet discard rod. a second time or the 1
irements of the WELDING: Ali field welding shall meet the requirements of the WELDING: All field well
tandard Sperfirgtiang tandard Snecifirgtin
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AT At o st comply with e Stocerd Spaciicarirs, or
s sceciied un i pis.

oL TEST REPORTS: Steet s e reports and st stell
st rapts siol congsy with e Starrd Speciioafons.

SPLICES: Splices for steel piles and shell piling shall be in accordance with details shown on this

sheet and the Standard Specifications.

For integral pile bent abutments and piers, if a pile splice is required, do not locate the pile splice within
a region extending 2-0" above and 10'-0" below the boftom of the concrete web wall. For abutments, locate

the pile splice at least [Q’-0" below top of fill.

With the approval of the Engineer, one splice per bent may be allowed in the region described above
without testing. If additional splices are anticipated, based on the geology, the Contractor will add a
sufficient amount to the bottom of pile, prior to driving, so that the splice is below the regions described

above in the completed pile.

t For infegral pile bent abutments and piers, if a splice is locafed within the regions described above, then
the Contractfor will fest the welds by Radiograph (RT) test methods. Repair and retfest any welds not passing
the fest(s). Each weld tested will have written confirmation of results. Report these results fo the Engineer.

This work is not paid for directly, but is subsidiary fo *Piles".

-
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|~ :\(
Cope regions

[l SN
86

Yie" 1o Ys"

SECTION THRU FLANGE
H-Pile Section

PILE

B8G

RT*<1‘ Pipe Section

SPLICE DETAILS

RT

BG = Backgouge
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WELD SYMBOLOGY
MEANING

Solid Flag pointing away from work area
Field Weld Symbol

Half circle

*Filled is: Melt Through

«Unfilled is: Backing or Backgouge
Bl : single Bevel Grove

: Double Bevel Groove

Il | V4 ] | I¢ ]

Single Square Groove Single Bevel Groove Double Bevel Groove

N | C J | |1 J

Single-V Groove Double-V Groove Single~J Groove

Cope regions
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STANDARD PLE DETALS
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Using Conical Points

L LA :
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Fillet
Weld
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6/25/2019

Test Piles and Test Piles (Special)

[EY

Test Piles

Driven before main production piles
to get an idea of how piles will
have.

N

We use the information to come up
with an efficient way of driving the
production piles and to plan any
splice locations.




KDOT pays for piling which
becomes “extra” because of
test pile information. It is
the same as the rate for

cutoff.

6/25/2019

H

What You Have To Do

Make sure the contractor has a
certified welder on site in case a
test pile has to be spliced

continuous log of driving

u

What You Have To Do

Avoid delays once driving has
started

Finish driving the test pile in one

res

nless you need to do a
e




Uh-Oh....

If pile doesn’t get resistance within roughly
2 feet of plan elevation, try a restrike

e Regional Geology Office for help

6/25/2019

Pile Restrike Procedure

Wait overnight
Warm up hammer far from test pile

mediately restrike test pile for 30 blows or until it
es 4 inches, whichever comes first

Pile Restrike Procedure

Record penetration for every 5 blows

If pile moves less than 'z inch, stop
restrike after 20 blows

Ca teresistance based on average penetration

for first 5-blows




Pile Restrike Procedure

If calculated resistance is still too low, splice
and resume driving

6/25/2019

Pile Restrike Procedure

If you get enough resistance with the restrike,
then we will use that elevation (plan pile tip
vation) for the production piles

What You Have To Do

Tell your boss how the test
pile went




Test Piles (Special)

A fancy name for a test pile that is
monitored by the Pile Driving
alyzer

6/25/2019

13

Test Piles (Special)

Contact the Topeka Geology Office
when the project gets going, just to
warn John.

(785) 291-3861

For im the hammer data when
you it from the contractor.

14

Test Piles (Special)

You are required to contact the Topeka
Geology Office (John) a minimum of
5 working days before the Test Pile

ecial.

(785) 291-3861

15




Test Piles (Special)
We Will Need Beforehand:

Hammer type and size
Pile type, size, and grade

Test pile locations

Cut-off elevations
design pile tip elevations

If pile bents, the bottom of web wall

6/25/2019

Remind the
contractor that a
restrike is
required with
the PDA.
This may be an
overnight
restrike.

Test Piles (Special)

On the day of the test pile we’ll need:

Ground elevation at each test pile location




Test Piles (Special)

Keep a continuous log of driving

PDA crew will tell you what
vation to drive to, or what
istance you need using the
rive Formula

6/25/2019
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The Pile Driving Analyzer
and Restrike Testing

Dynamic Testing at a Glance

* A ram impacts the pile top
* The pile top is compressed at the instant of impact
* A stress wave travels through the pile

*The wave is partially reflected back up the pile due to
« soil resistance—-representing capacity
* pile property change
* or at the pile toe

* From the reflected waves PDA calculates capacity

Measures

A | |

B
* Evaluation of the Drive System -(‘l
Performance | "}:;

* Calculation of the Driving Stresses
During Installation

* Assessment of Pile Integrity

O

Y

v,
DA

AT

v m—— A

Y]

N/

waas

A




Measurements Cont.

* Assessment of the Pile Capacity
and Soil Conditions

* Allows You to Discount any
Bearing Capacity in the Scour Zone

* Allows You to See Shaft Versus
Toe Capacity on the Pile

K

v,
Avae

aas

'!
i
A

Before the PDA

* Your target pile load

* PDA target

* PDA target = Strength | load/ Phi factor
* PDA Measures in kips
* Kip=Y%ton

Before the PDA

* Determine plan tip depth
* Determine depth to bedrock
« Test pile has been clearly marked by the foot

* Communication between Geology, inspectors, and foreman
* You keep track of the blows/foot and stroke of hammer
* Foreman will be marking the pile every 10 blows
* Marking depth will be determined by testing crew




Before the PDA

PDA SETUP

H 0000 ksl
0482 Kipsiteat”3
CONCRETE

E 168078 feotisocond

TS EXIT PROGRAM
MANUALLY
se R YES contiue

Before the PDA

PILE | HAMMER| SENSORS| SAMPLING|ICAP®
PJ| KA-2130-02

BR 340 PIER 12 1HR_1 +1-]

| £ | BR340 PIER 12 12X74 1HR

BARKER/NOLL

@ 1.000/0.083 ft

L——b ENGLISH |

Before the PDA

| TAPER
ItRi IHEx
Area (in"2) | g

HPBx36 106 A [pomn (%
bPi0xe 124 [+ wora vido options
HP12x63 184
HPizx7e e || Metsic wide Fiange options:
HP12x34 245 |
s AREA
HP14x88 264 21.8 inches#2
HP14x102 301 .
WP idx 7 344 BOTTOM AREA
HP 16 %162 47.7 i
s x 0l 299 148.168 inches*2
R PERIMETER

okl 40575 - feet




Before the PDA

ProvecT|piLe  [IEXIIEGN SENSORS| SAMPLING| ICAP®

22 246848
28308672
MAX BPM 90.0 VA% BPM wibe suggestedbased

on Sample Size snd Frequency.

| CUSTOM HAMMER |

ESC|| OK SELECT MAKER

10

Strain & Acceleration Measurements

(B

&l Strain Transducers measure force
Two Strain Transducers Required to Reduce Bending Effects.

Accelerometers measure velocity

Two Accelerometers Used for Redundancy

Raw PDA Data

12
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Hammer Placement

16

Test Pile Special Length

*10 ft longer than production
« Allows for PDA equipment
* Able to drive deeper if necessary
« Additional length has a mild effect the ENR calculation

17

PDA Testing Process

* Foreman marks the pile every 10 blows until end of drive

« Usually beginning above a depth where capacity is expected to change
(bedrock)

*The last 20 blows from the initial drive is used for:
* PDA Analysis
* ENR Calculation

18




PDA Restrikes

*Standard PDA series of restrikes (15 min, 1 hour, 4 hour,
24 hour)
* Foreman marks every 5 blows

19

Projects with PDA

* Lewis and Clark Viaduct - Pier 18
* 1 Test Pile Special
« Results will be applied to 2 pier (Pier 18 and Pier 17)
* Pile Design Load = 110 tons
* PDA Target Load (110/.65) = 169 tons (338 kips)
* Plan length 82 ft
* 12 x 74 H-Pile
* Pileco D30-32

20

Lewis and Clark Viaduct
Pier 18

a9

4

e

21




Lewis and Clark
Pier 18

* End of drive — Stop 5 feet above plan tip
* PDA recording 243.5 tons (we needed 169 tons)
* Bearing Formula recording 80 tons (needed 110 tons)
« 80 tons is the new target.

* Good example of typical PDA Test
* The target load is recognized by the PDA first.
* New target Bearing Formula Load is less than plan.

* Important to understand
* We are NOT changing the design load of the pile.
« 80 tons (from the bearing formula) = 243.5 tons (from the PDA)

22

Lewis and Clark Viaduct

e Pier 11
* 1 Test Pile Special
* Results will be applied to Pier 11 only
* Pile Design Load = 120 tons
* PDA Target Load = 184.6 tons (369 kips
* Plan Length 128 ft
* 12 x 74 H-Pile
* Pileco D36-32

23

Lewis and Clark Viaduct
Pier 11

24




Lewis and Clark
Pier 11

* End of drive — Stopped at plan tip
« PDA recording 131 tons (we needed 185 tons)
« Bearing Formula recording 45.2 tons (needed 120 tons)

* 15 minute restrike
* PDA recording 170 tons
« Bearing Formula recording 65.9 tons

* 1 hour restrike
* PDA recording 193 tons
« Bearing Formula recording 79.6 tons

25

Lewis and Clark
Pier 11

* Results
« Sufficient capacity achieved after 1 hour.
« Strictly using the ENR Bearing Formula, driving would have continued well
past plan tip elevation.
« New target Bearing Formula Load is less than plan.

* Important to understand following a PDA with restrikes
* Follow the initial driving criteria (movement and stroke)
« 45 tons will be the new target.
« If capacity is questionable after initial, conduct a 24 hour restrike.
« Use the ENR values from the PDA restrikes to guide you.

26

Lewis and Clark Viaduct

*Pier8
« 1 Test Pile Special
« Results will be applied to Pier 8 only
* Pile Design Load = 164 tons
* PDA Target Load 164/.65 = 252 tons (369 kips)
* Plan Length 130 ft.
* 12 x 74 H-Pile
* Pileco D36-32

27




Lewis and Clark Viaduct
Pier 8

28

Lewis and Clark
Pier 8

* End of drive — Stopped at plan tip
* PDA recording 131 tons (we needed 252 tons)
« Bearing Formula recording 43 tons (needed 165 tons)

* 1 hour restrike
* PDA recording 173 tons
* Bearing Formula recording 55.1 tons

* 5 hour restrike
* PDA recording 184 tons
« Bearing Formula recording 71 tons

* 29 hour restrike
* PDA recording 190 tons
* Bearing Formula recording 85 tons

29

Lewis and Clark
Pier 8

* 50 hour restrike
* PDA recording 198 tons (we needed 252 tons)
* Bearing Formula recording 113 tons (needed 164 tons)
* Summary up to this point
« 26 days, and still not achieving sufficient capacity near plan tip
*  Within a 2 days
. Keep drivmg Pile Capacity over Time

Copacinyfme)

FrIT pv—

30
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Lewis and Clark
Pier 8

End of drive # 2
« Spliced on an additional 25 ft.
« Drove pile until the PDA started showing capacity was being gained
« Ended up drove an additional 21.5 ft.
* Decided to let it set over the weekend, would restrike on Monday
* PDA recording 207 tons (needed 254)
* Bearing Formula recording 100 tons (needed 165 tons)

* 66 hour restrike

* PDA recording 306 tons
* Bearing Formula recording 167.6 tons

31

Why use the
PDA?

32

* PDA and Restrike Testing Better Quantifies Bearing Capacity

* PDA Monitors (Bearing Formula cannot do these)
* Driving Stresses
* Checks Hammer Performance
* Evaluates Soil Performance
* Checks Pile Integrity (will see damage)
* Can discount capacity in potential scour areas

* In Most Cases by Utilizing the PDA and/or Restrike Testing a
Savings Resulting From Fewer Splices or Shorter Pile Lengths

* Piles Driven Easier and Faster

33

11



*PDA monitors driving stresses

*may allow piles to be driven harder to reach a
minimum pile tip elevation
* Using bearing formula, driving must stop once 110% of
Service is achieved because stresses are not known
using the formula
* Hopefully well before as to not damage the pile,
especially in end bearing situations

34

Restrike
Testing

35

Restrike Testing

* Long term pile capacity

* Estimating static pile capacity using dynamic method
calculations

* Accounts for possible changes in soil conditions

* Restrike testing can record these capacity changes
over time

* Only true way to evaluate the pile performance over
time

36
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SOILSETUP i omy |
A 218 kips (109 tons) .

L s
End of Initial L T \"“-\.;?,_g, ~ A
Driving Lj ’

120 blows/0 inches
478 kips (239 tons)
Restrike 8 ~
Days Later N A~
| & M
| \\
L ~
° ax =
37
Soil Relaxation
RELAXATION * Piles driven into weathered
shale
End of Initial -
Drivirk « Displacement piles driven into
764 kips dense saturated silts or fine
(382 tons) sands due to a negative pore
pressure effect at the pile toe
Restrike 24
Hours Later -
576 Kips
(288 tons)
Note:
Bearing capacity loss at toe
Some capacity gain on shaft

38

Restrike Testing Procedure

* No driving activity near test site for at least 24 hours
prior to testing

* Conduct the restrike a minimum of 24 hours later,
unless otherwise specified

* Warm-up hammer—operating correctly

* Hammer should be warmed up at a location as far
from the test pile as possible

* Restrike pile for 20 blows or a movement of 4 inches
whichever comes first

39
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Restrike Testing Procedure

*Record the first blows

*Mark every 5 blows

* Can compare the first blows of the restrike to the last
blows of the restrike.

* In most cases by doing a restrike you will see an increase
in bearing capacity due to soil setup.

* If pile is mobilized, you should see a difference between
beginning and end of restrike in bearing capacity and in
set per blow

40

1| This pile was not mobilized
2.5 day restrike
3/4 inch /40 blows
0.018inch/blow
At least 315 tons

14
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THE INSPECTOR’S ROLE

6/25/2019

vV

#1 Study the
Plans

vV

Study the Plans

Especially the “General Notes and
Quantities” page

and the “Engineering Geology” page




#2 Read the
Bridge Foundation
Geology Report

6/25/2019

H

#3

Read Section 704
of the
Standard
Specifications
nd check for new
Special Provisions

u

#4 Get all of the hammer info
from the Contractor

To use the driving equation, you
need:

Weight of the hammer piston (ram)

of the pile cap (helmet) and
vil




#4 Get all of the hammer info
from the Contractor

To check the hammer size, you

also need:

ximum stroke of piston

6/25/2019

~N

This is Form 217 AA,
in the Forms
Warehouse

NOTICE 7O CONTRACTORS

PILE AND DRIVING EQUIPKENT DATA
[Test Pile (Special), Section 704, Standard Specifications)

Pproject No. County

Contract No. Structure Name/No.

Pile Driven By (Contr. or Subcontr.}

WAMER:  Manufacturer __ Model

RO Serial ¥o.

o)
= Rated Energy _______ 0 Lenqgth of Stroke
(fe-1b\J) (rT\n)
E
cAPBLOGK:  Material
[ — Thickness _____ (in\mm) Area ____ (in?\ma2)
¥odulus of Elastieity - £ (psi\MPa)
” ot -
PICE cap:
Helmet
Bonnat waight (1bkg)
Anvil Block
CUSHION: Material ___ Area {in2\=n2)
()  Medulus of Elasticity -2 (psivera)

Cosfficient of Restitution - o

0o

Here is the maximum
stroke and weight of
pile cap.

NOTICE 7O CONTRACTORS

PILE AND DRIVING EQUIPKENT DATA
[Test Pile (Special), Section 704, Standard Specifications)

Pproject No. County

Contract No. Structure Name/No.

Pile Driven By (Contr. or Subcontr.}

MAMMER : T Jodel
ol Type Serial ¥o.
= Rated Energy ©______ Length of Stroke
(fe-1b\J) (rT\n)
E
cAPBLOGK:  Material
[ — Thickness (im\ma) Area (in?\mal)
¥odulus of Elastieity - £ (psi\MPa)
£ ot -
PICE cap:
Helmet
Bonnat waight (1bkg)
Anvil Block
cusuzon:  Material ____ Area_____(in?\mm?)
()  Medulus of Elasticity -2 (psivera)

Cosfficient of Restitution - o




6/25/2019

NOTICE 7O CONTRACTORS

PILE AND DRIVING EQUIPKENT DATA
[Test Pile (Special), Section 704, Standard Specifications)

Pproject No. County

Contract No. Structure Name/No.

Pile Driven By (Contr. or Subcontr.}

MAMMER:  Manufacturer ___  Model
Notice that the anvil TRe ___ serial ¥
weight is not here.

Rated Energy Langth of Stroke

o
(re-1B\3)  (feva)

Matersal

Thickness (in\ms) Avea ___ (in?\ma2)

Kodulus of Elastictty - E (pui\iPa)
4 ot -
PILE cAP:
Helmet
Bonnet Weigne ___ (ib\kg)
Anvil Block
Drivehesd
cusWIon:  Maverial ___ Aves, (in2\=m2)
e Modulus of Elastieity - E (psirupa)

Cosfficient of Restitution - o

Most of the time, a
contractor will send you
their company’s form
and not KDOT’s

APE Model D19-52 Single Acting Diesel Impact Hammer
MODEL D19-52 (1.9 metric ton ram)

This is off the internet—

American Pile Equipment

Anvil: 749 Ibs /

Striker plate: 628 Ibs

coxsTIoN

Helmet:

Adapter: 948 lbs

12



Anvil: 749 lbs Total: 3401 Ibs

Striker plate: 628 Ibs This is the weight of
everything below the piston

Add the weight of the pile, and
you have “X” for the equation.

Adapter: 948 lbs

6/25/2019
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#5 Make sure that the energy rating
of the hammer is high enough to
drive the piles

Use the driving equation with 0.1 inch per
and the maximum stroke for that
. Refer to the Bearing Formula

14

Forward the hammer info to Geology
when you get it if:

There is a test pile (special)

would like one of us on site during
start of driving

15




#6 Getthe Type-A Certificate
from CMS

Go To “Materials”

.then “Materials Report”

‘Contract Finals”

6/25/2019
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Non Acceptance Tests Report

omeriaz KAMSAS DEPARTMINT OF TRANSFORTA aGE:
FONDATE: 97 10 06 WOH ACCEPTAWCE TESTS REPORT -

FONTINE: 10114 AN

CONTRACT: 503032043 M woRk TYPE: B sTaTus: FImAL
PROJECT Tp: K023 090 K 7333 01 ARER OFFICE: O OIETRICT: 03
CONTRACTOR. 181 00725 EACTOR. BANE. 2

LINE 4 ITEM CODE ITEN WAME
MATL CODE  MATERIAL MAME ourr

“09.600
1524000
121.920
o047 23,30
259.000
BATERIAL TOTAL : 2 531904
e oaem TESTED MATERIALS EAcH
161060100 cowwr TY 172 BL/AG Tous
047036 W 9.000 eny ve s roms TExT
o4srsm M 0.000 eny ven oz roms TEXT
WATERIAL TOTAL 1 == 0.000
s ossen TESTED MATERIALS ey 0.000 0.000
399900312 CRUSMED GRAVEL (0RO} ous
cousr9s W 0.000 enr e AGGREGATE QUALITY TEST
MATERIAL TOTAL | == - 9.000
s ovsswn TESTED MATERIALS acw 0.000 0.000
00T SAND/SAND GRAVEL (0FQ Tous
ocousrsI M 0.000 oy e AGGREGATE COALITY TEST
WATERIAL TOTAL | - weaeen 0.000
DTHT130 Kansas Department Of Transportation PAGE - 1
Run Dat 07 10 06 Maintain Sample ID Record
Run Time: 10:03 AN
sI: M
T5012  KELLY MARSHALL  Resp Loc: MR Total Samples: 1
Type Insp: CTA  Date Sampled: 09 29 03 Related Sample Id:

Type Test: 900  FREE FORM TEXT
Proj Id: K023 090 K 7333 01 Co
Produce

act

: 503032043 M Line
00035001 Name: NUCOR-YAMATO STEEL Loc: BLYTHEVILLE st

Legal Desc: X Plant: Name :
Matrl Cd: 067010000  STEEL BEARING PILE Desc: A03-5201 Unit: =
Qty Represented: 259.080 Wbr of Items: O  Qty Assigned: 0.000
Sampled From: PRODUCTION Ledge: Lot/Heat Nbr:
Lab: SER Name: SERVICE Dates::Shipped: 10 01 03  Received: 10 01 03
Test Start: 10 01 03  Est Compl: Aet Compl: 10 02 03
Test Result: CPLY Authorized By: NAT VELASQUEZ BY KDM
Remarks:

LeM 1600-11 FINAL DISPOSITION SUBJECT TO CONDITION OF

MATER TROTECTT

HEAT (QINM) , 218107(60.96), 218103(91.44) 219625 (10

68)

998 Quantity: 259.080

AR

18




Spreadsheet

It's form 217b in Forms Warehouse

# 7 Make Your Driving Equation

19

6/25/2019

Del ‘McKerman T (Diesel Hammer)
Summary Formla Entry Dats
Rammer We 3528 b3 Weight per foot Maximum
Cap/anvil we 2403 1bs. 16-W-H of piling (Ibs/f): 53 b5/t Hammer Drop
Pile Type HP12653 7 xee |Jengmnoteie: et u_in
Min, Res. €0 tons | 4682 Ibs Minimum
Max Res. 66 tons. Minimum = 0.100 inches/blow  Hammer Orop
[Maximum =5~ 0300 inches/blow 5§ n
Fieia Biow coumt] 3 |
Penetration per 20 blows (in) | 2000 | 2400 ] 2800 | 3200 ] 3600 | 4000 | 4200 | 3800 | 5.200 | 5600 | 6.000
Average Penetation per blow (in) 5" | 0.100 | 0.120 | 0180 | 0.160 | 0.180 [ 0.200 [ 0220 | 0.240 [ 0.260 | 0.280 | 0.300
Drop of Hammer (Stroke] (ft) Computed Resistance (tons)
2 eo G % 51 48 & & &
£ e n B 55 55 52 49 & @ &
Calculated Bearing | 8| 70 s 7
is HIGH = 7 E
- 80 97 8
Calculated Bearing | §[ &5 03 %
0 E| so 108 101
2| es 15 106
Calculated Bearing | 5| 100 21 a2
i H 105 127 a7
& . 13313
<] &0 e | 298 . >
& ss [43] e, 5 >
2 0 |=mE| e 2 >
= 75 | e esm FE >
‘ 80 &| a2 >
| e ;; s343 >
H KL !i 5813 4 >
2| s | 53| sams >
3| 100 Ei 6754 = >
H H =
£ ;z; ;, ;:; ] > 0 B, po  wno
Penetration per 20 blows (in.| 000 | 2.400 | 2.800 | 3.200 | 3.600 | 4.000 [ 4.400 | 4.800 | 5.200 | 5.600 | 6.000
[Average Penetration per blow (in) 120 | 0.140 | 0.160 | 0.180 [ 0.200 | 0.220 | 0.240 | 0.260 | 0.280 | 0.300
Orop of Hammer (Stroke) (ft.) Computed Resistance (tons)
<] e 73 67 | 62 | 58 54 51 48 45 43 41 39
| ss 7% 73 67 | 63 | 59 55 52 49 47 44 &
Calculated Bearing | €| 7.0 8 78 72 67 | 63 | 59 56 53 S0 48 4
is HIGH T 73 9 8 78 2 68 64 60 57 54 51 49
‘ 80 97 89 23 7 n 68 64 61 57 55 52
Calculated Bearing g L] 03 95 88 8 77 72 68 [ 64 | 61 | 58 S5
6000 | %o 09 101 9 & 81 7% 72 68 | 65 | 62 | 59
2| s 15 106 9% 92 8 81 7 72 68 | 65 | &
Calculated Bearing | 5| 100 21 112 13 9% 9% & B 76 T2 68 | &
isLow E 105 127 17 109 100 95 8 8 8 75 72 68
10 133 123 114 106 93 88 83 i) 75 72

21




Do a Sample Calculation

Find the appropriate equation such as:

P- 1.6 W H
S +0.1 (X/W)

ulation by hand to get comfortable

6/25/2019
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#8 Check Minimum Pile Length

Talk to someone in your office about
what to do if you achieve the
required resistance before plan

th is reached. It will probably

but there may be concerns

cour or minimum pile length.

23

#9 Check the Piling ltself

Check that the heat numbers on the
certification or bill of lading matches the
mbers on the piling

24




Mill
Certification

- o S BERBOGOG e
| S E T e as=— Heat Numbers

NUCORYAMATO STEEL €O, CERTIFIED MILL TEST REPORT

Mill
Certification

MLINE ST‘EEL FABRICATION
P.0. B0
5896 HW\' |6 EAST

c
SKYIJNE OO

655 BROADWAY
SUITE 560
DENVER, CO 80203

CUST.ORDERE: 887031

SEND FREIGHT BILL TO: { different than shipper sbove)

14 HP12XSNGY HTE $-381480 3-381462 6381464

STRAIGHT BILL OF LADING- FORM - Original - Not Negotiable -
@ Bill of
e ————

i
oy e o .
a2 e 0 s o et 5 oty e, 3 D ach e o g o
Py s g e 410 oy f £ gy, Pt e a8 e e Sl o © B a 1]
1 b 1
ottt o T 02 s a1

skyfinesteel™
Heat Numbers

DELIVER TO (i difforent from Corl

L&M CONTACTORS, INC.
4.0MLS.& 1.1 MILE. OFWE/
WESTFALL KS 67455

Check these
numbers against
the numbers

| on the piling
stickers

6/25/2019
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NYS-USAIIl
0 s

Size: HP10X42 250X62
Lenqtn: 55 FT 16.8m
(irade: ABT2-)

_ RID: 52140705
NN MR s ¢ 107
Test pile -

rﬁr‘ ; /11/05
1?!‘1,‘ 25‘} I ‘,PM

6/25/2019

Sticker
on Pile

28

Check the
Piling Itself

Inspect the piles
to make sure

NYS-USAIil
R WAz

Size: HP10X42 250X62
Length: 16.4m

0
G’ 457250
et 508 s
I NNAREAR ¢ s
Test pile -

2.

T :(q:;w - NYS1 - /11/05
i :.fhmiﬂilil.iﬁlliﬂiﬁm

Sticker
\ on Pile

30
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Sticker

6/25/2019

oy - NYS1- /11105
i :Mﬂﬂ]ﬂ,ﬂ Hlﬂils_mfom

NYS-USAIll on Pile
R ez

Size: HP10X42 250X62
Lenqin: 59 FT f68m

Grade: A67L30) ~

HB_T' B0 1 Al Hepile now used in KDOT
(00RO bridges is Grade 50
Test p

Doy 2

31

Check the Piling ltself

Inspect the piles for damage that might
have occurred during shipment, or
defects that were overlooked earlier

piles can get bent, concrete
iles can get broken

H-pil n have bent flanges
32
#10 Measure and Mark the
Piling
33

11



#11 Make
Sure the
Contractor
Brought the
Hammer He
Told Us He
Was Bringing

6/25/2019

#12 Check the Hammer Cushion

Check the Hammer Cushion

Cushion has to be made of a
material approved to use on
KDOT projects

Ise?

12



Check the Hammer Cushion

Original thickness of cushion should
be listed on the hammer data sheet

Ask contractor when cushion was
last changed

see if it looks OK

Pry it out of ‘helmet if you think you need
to measure its thickness

6/25/2019

#13 Line up some help from
the office

#14 Help the Contractor Verify
that Piles are in the Correct
Location

13



#15 Make Sure the Piles are
Plumb

6/25/2019

40

#16 Keep
track of where
your pile tip
is.
~ Know the
‘depth you

sQ@u{d hit
bedrock.

AV

S

41

#17 Drive
Pile to Plan
Length or
Required

istance

42

14



Do any test piles first.

Do a continuous log of the test
piles.

6/25/2019

43

If you drive to the required
resistance before plan length is
reached, check with Area Office for
scour concerns or minimum pile
length

ngth is reached before the
ed resistance, call Area
Office about a possible restrike

44

# 18 Mark the Cut-off on the Pile

Help Contractor mark plan cut-off
elevation on the pile after driving.

the piece that was cut off, so that you
here it came from. You may need
i splice later.

45

15



6/25/2019

Use a humber or letter—just some
way to keep track of it.

/

H

6

# 19 Have Someone Check Your
Calculations

Before the contractor places any
concrete around the piling, have a
second person go over your

istance calculations.

g

H

7

If you see something on site you don't
understand, or aren't sure if what the
Contractor is doing is acceptable, make
him stop and get it resolved.

h, he’ll probably get mad.

R

SN

8

16



You Aren’t Alone!

If you have a question and can’t reach your
bosses, there are other people in KDOT who
will help you:

Your Regional Geologist

the Bridge Designer in Topeka
(Bureau of Structures and Geotech Services)

District Construction Engineer

6/25/2019

49

17



If a problem occurs,
what do you do?

STOP
DRIVING AND

EVALUATE THE
SITUATION




Take a Deep Breath

*Take time to problem solve
*What is happening

*Check calculations

*Check any level runs

*Check the hammer

*Check alignment; pile and hammer

*Review the Geology Bridge Sheet

4
Problem Solving Continued

*Are you using the correct formula
*Correct hammer specifications input
*Using the Strength | load
*Wrong size pile
*Wrong length pile

5

Solution Found!!

* Can you make the decision to
correct it?

« Contact
* Your Boss
« Construction Engineer
* Design Engineer

* Adjust and proceed with driving.

* Always document.




Some Problem Scenarios

*Qverdriving
*Target bearing not achieved or achieved above
*Misalignment of hammer

*Hammer performance

Driving to Hard Bedrock
. 220 kips
PILE (110 tons)
DRIVEN
TO ROCK
242 kips
Last 4 Blows of (121 tons)
Initial Driving
(last blow at bottom)
311 kips
(156 tons)
555 kips
(278 tons)

Hamilton County, KS

The lower 7 feet of
Pile #5 at Pier 1.

1 mile east, 5.5 miles north
of Syracuse




Hamilton County, KS

1 mile east, 5.5 miles north
of Syracuse

-

st ;
Bottom 2.5 feet rolled
Pile #6, Pier 4 Top of pile damaged too
10
o
US-59 Franklin County
11

12
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27




Western
Kansas

Alignment

* Can reduce the transferred
energy.

* Can damage pile top
« Can give false blow count

* Pipe pile vulnerable

Pile damage suspected

*|s the damage bad enough to be of concern?

*|s the damage far enough down that the remaining good
pile will carry the load?

* Can the pile be pulled and a new one driven?

* Do more piles need to be added to compensate for the
damaged pile?

30

10



Barton County

Mushrooming Caused by:
*  Misalignment

* Hard driving

* Both?

Could Result in:

* Reduction of transferred
energy

* Exaggerated blow count

* Exaggerated bearing
capacity

31

Minor Damage to Pile Top

* Target bearing not achieved and above plan tip
« Stop Driving and cut off the damaged portion of the pile.
* Check alignment of the hammer on the pile
* Resume driving.

* Target bearing and minimum plan tip achieved.
« Stop and cut pile off at cut off elevation

«If a restrike test is to be conducted on this pile, the top
should be undamaged.

32

Pile damage suspected cont.

 Contact the Engineer
« Contact the Geology Section
to conduct PDA.

33

11



Trouble Achieving Target Bearing

* Check all calculations

* Check input parameters

* Check hammer

* Contact Engineer or supervisor

*Can a restrike test be conducted to evaluate soil set up?
«If so, restrike pile in at least 24 hours

* May have to splice on more pile and continue the drive

34

K-196 over Whitewater River

36

12



Support Pile

39

13



40

Target Bearing Achieved Early

* Check all calculations

* Check input parameters

* Check pile length

« Contact Engineer or supervisor

41

Target Bearing Achieved Early

«If pile tip is close to plan tip elevation and 110% of the
Service load (pile driving formula load) has not been
reached, the pile can be driven to 110% (if plan tip must be
achieved)

« s pile hitting an obstruction (boulder, hard layer, old
footing, another pile)
« If so, what concerns will it cause.

*|s there enough pile length in place below cut off to satisfy
lateral load and scour requirements and, if required, uplift
requirements

« If so pile can be cut off (always consult the Engineer)

42

14



Hammer Performance

« If the hammer is not performing properly the bearing
capacity can not be computed accurately

* Improperly functioning hammer:
* May exaggerate the blow count
* May give false set per blow
information
* May reduce pile driving ability
* May simulate hard driving and high
capacity at low capacity conditions

43

Hammer Performance

* Preignition in diesel hammer
* Fuel starts to combust or fully combust before impact
* Reduces ram impact velocity
* Cushions the impact

* Reduces transfer of energy to the pile, energy returned to the
ram causing a high but false stroke

* Low energy transfer results in high blow counts

« Can simulate hard driving and high capacity condition at a
potentially low soil resistance

44

Hammer Performance
*Some things to look for

« If you are getting a low set per blow yet a very small stroke,
could be problems with hammer.

* A low set per blow should indicate hard driving and you
should have a large stroke.

« Different looking exhaust
* Fuel could be contaminated (water in fuel)
« May not get the best fire on each stroke
* Maybe the hammer just sounds much different than on the
previous drive
« Question the contractor if you feel something is wrong or different

45

15



Preignition in Diesel Hammer

* Preignition in diesel hammer
* Caused by overheated hammers
* Lubrication oils start to burn
* Fuel vaporizes prematurely due to excess heat
«Signs of Preignition
* Black smoke while stroke is high
* Flames in exhaust ports
* Blistering paint
* Oils and grease on outside smoking or burning
* No obvious metal to metal impact ringing sound

46

Preignition in Diesel Hammer

« If preignition is suspected:
* Stop driving and let hammer cool down for at least 1 hour
* Recommend the hammer be lubricated to replace any burnt off
lubrication
* Resume driving and monitor stroke and blow count
« If stroke and blow counts are lower in the first few minutes of
driving, preignition was probably occurring

47

Hammer Performance

*Some performance problems and what to look for
* May be hard to recognize but should be familiar with

* Water or dirt in fuel
* White exhaust smoke and hollow sounding impacts

*Clogged fuel line (lack of fuel)
« Little or no exhaust smoke
* Low strokes

* Malfunctioning fuel pump or fuel injector
* Inconsistent ram stroke and gray or black exhaust smoke

48




Hammer Performance

*Some performance problems and what to look for

* Low lubricating oil or malfunctioning oil pump
* Lower than normal blows per minute
* Reduced stroke
* A quick check
« see if ram is wet and shiny during drive when upper ram is visible
* Poor Compression-Worn piston or impact block rings
« Short strokes even in hard driving
« Easily checked by way of a “cold blow”

49

Hammer Performance
*Some performance problems and what to look for
*“Cold Blow” Procedure

* Ram is picked up as if to start the hammer but the fuel line rope is
kept stretched such that no fuel is pumped.

* The ram is released and after impact the ram should bounce on
the air trapped in the chamber. Each bounce can be heard.

* Should get 5 to 10 good bounces.

50

Crane tipping while lowering the leads and hammer

Had to let the leads free fall to p from tipping over

. L
/ .

51




With all problems you should contact

Your supervisor

Engineer in charge

Design Engineer
If needed you can contact the Geology Section for
guidance or to have the PDA brought out

Neil Croxton Salina Regional Geologist
785-827-3964

Art Peterson El Dorado Regional Geologist
316-320-1721

Denny Martin Chanute Regional Geologist
620-431-1000

John Barker Topeka Regional Geologist
785-291-3861

52

Questions!

53
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KDOT
Specifications
for Piles ond
Plile Driving

Where to find information?

KDOT Standard Specifications Book

2015 Edition

ivision 700—Structures

tion 704  Piling
pages 700-15 to 700-21

Where to find information?

KDOT Standard Specifications Book

2015 Edition

ivision 1600—Ferrous and Non-Ferrous

ion1609 Steel Piling and Pile Points
page 1600-18




How to get to the 2015 I~ dition from

the KDOT ]ntranet

Go to http://kdotweb

ick on “Documents & Manuals” on the top banner

Scro a while and find “Specifications”

4
How to get to the 2015 [~ dition
Top right side of screen, click on
“2015 Edition”
5

Kansas




WOME TRACLORPFORUATON  DORGOUSES) RSDEKDOT  PRONCTSRUGLEATONS  PUBLE SSCRNATOH

ROAD 8 BRIDGE 018 [rpe——

Membar
TABLE OF CONTENTS AND MOEX
THER1EN ERRATA SHEET FOR STARDARD SPECFICATION BOOK FOR STATE ROAD AND BROGE CONSTRUCTION
€0Mon 2015

[How to get to the 2015 [~ dition from
an outside computer

Go to www.ksdot.org

“Letting Information for Highway
ctors” (yellow hard hat), then

h
Kansas

NN TROTLIRSSCRMATON DOMGEUSMESS MOOCKDOT  PRONCTSMGUCATONS  PUIL PFORMATON

KOOT'S CURRENT LETTING INFORMATION




How to get to the 2015 [~ dition

Choose “2015 Edition” and you're home free.

10

2015 Spccial Frovisions

Below the 2015 Specifications is the
link to Special Provisions.

There are currently no piling Special

change, so check for them.

11

The Bridgc (onstruction
Manual

Chapter 5.3 Driven Pile

Contains some practical information
out bridge piling construction and
spection.

12




The Briclgc (onstruction
Manual

Chapter 5.3 Driven Pile

General terminology and definitions,
ile and hammer types, and the

chanics of pile driving, including
formula examples

13
The Briclgc (onstruction
Manua]
Chapter 5.3 Driven Pile
We cover all this material in class.
14

The Bridgc (onstruction
Manual

Chapter 5.3 Driven Pile

This section is included in the back of

15




Thc Bridgc Dcsign Manua]

Bridge Design Manual

pter 10.6 Foundation—Piling

od.summary of pile information

16

Thc Bridgc Dcsign Manua]

Bridge Design Manual

pter 11.5.7 Abutments, Piers and
alls—Pier Details

ings of bridge foundation types

To getto these Manuals from the Intranct

http://kdotweb

Click on “Organizational Pages”

Click on “Structures & Geotechnical
vices”




To getto these Manuals from the Intranct

At the top is a drop-down menu for
“Manuals”

ose “Bridge Construction Manual”, or “Bridge
Design Manual”

19

Bureau of Structures &
Geotechnical Services

ate Offic di

T he Direct | _inks Are:

http://www.ksdot.org/burStructGeotech/con
structionmanual/bcm.asp

art.ksdot.org

21




General KART R

23
Division 700—Structures
Section 704.3 Pile Driving Equipment
(a) General

Size needed to develop the energy necessary

to drive piles at least 0.1” per blow at the
required resistance on the plans (the Pile
rive Formula Load)

24




Division 700—Structures
Section 704.3 Pile Driving Equipment

(a) General

(1) Open-end Diesel Hammer

quip with a device extending above ram
inder to permit visually determining
mer stroke at all times.

25

Division 700—Structures
Section 704.3 Pile Driving Equipment

(a) General

(3) Weight of the striking part of air
hammers used shall be a minimum of
s the weight of the pile and drive cap

inimum weight of striking part is 2,750
pounds

26

Division 700—Structures
Section 704.3 Pile Driving Equipment

b. Hammers for Steel Piles, Steel Sheet
Piles and Shells for Cast-in-Place
Concrete Piles.

Gravity hammer—minimum weight 3500

mmer—maximum drop 12 feet

27




Division 700—Structures
Section 704.3 Pile Driving Equipment

b. Hammers for Steel Piles, Steel Sheet
Piles and Shells for Cast-in-Place
Concrete Piles.

Diesel or air—maximum fall 90% of the
imum fall recommended by

6000 foot-pounds energy per blow

28

Division 700—Structures
Section 704.3 Pile Driving Equipment

c. Hammers for prestressed
concrete pile

Only driven with diesel or air hammer unless
otherwise noted

r must develop 1 foot-pound of energy

29

Division 700—Structures
Section 704.3 Pile Driving Equipment

d. Vibratory hammers

Used only when specified in Contract
document

30

10



Division 700—Structures
Section 704.3 Pile Driving Equipment

e. Additional Equipment

The plant and equipment provided for air
hammers shall have capacity to maintain
e pressure at the hammer specified by
e manufacturer.

31

Division 700—Structures
Section 704.3 Pile Driving Equipment

e. Additional Equipment

If Contractor cannot drive pile to the

required penetration and/or bearing
pacity, he must bring a bigger hammer.
ngineer approves, he may resort
ing.or pre-drilling at his own

32

Division 700—Structures
Section 704.3 Pile Driving Equipment
e. Additional Equipment

Use of the pile driving analyzer may be
quired when minimum requirements

33

11



Division 700—Structures
Section 704.3 Pile Driving Equipment

f. Leads

Constructed to allow freedom of
movement of the hammer

pt where piles are driven through
he leads shall be long enough
owers are not needed

34

Division 700—Structures
Section 704.3 Pile Driving Equipment

f. Leads

Long enough to permit them to be
lked into the ground before
driving starts

35

Division 700—Structures
Section 704.3 Pile Driving Equipment

g. Hammer Cushion

Required on all impact pile driving hammers
except gravity hammers

Inspect before driving at each bridge or after
iving for 100 hours

36

12



Division 700—Structures
Section 704.3 Pile Driving Equipment

g. Hammer Cushion

A striking plate is placed on the
hion to insure uniform
sion of the cushion material

37

g

Division 700—Structures
Section 704.3 Pile Driving Equipment

. Hammer Cushion

Made of “durable manufactured material”

Micarta (Conbest)—fabric and phenol
ylon—2” blocks
rtex- metallized paper reels

Forbon, Fosterlon

38

Division 700—Structures
Section 704.3 Pile Driving Equipment

(h) Pile Driving Head

Use driving head adequate for distributing the
hammer blow to the pile

d by the leads and not free-swinging

Shoul e pile head adequately

39

13



dile Driving dftead

Another name
for the Pile

Helmet \

40

Division 700—Structures
Section 704.3 Pile Driving Equipment

i. Water Jets

Only used with permission from the
Engineer

If used:
Number of jets and volume and

nough to deliver at least 100 psi
from 34" jet nozzles

41

Division 700—Structures
Section 704.3 Pile Driving Equipment

I. Water Jets

Jets shall be withdrawn at least 5 feet
from the desired final penetration
depth and the pile driven the last 5

eet with an approved hammer

42

14



Section 704.4
Construction Requirements

a. Order Lists, Piles, and Test
Piles

r list is the same as the estimated
(number and length of piles) shown
in the"Gontract Documents.

43

Section 704.4
Construction Requirements

a. Order Lists, Piles, and Test
Piles

For piles and test piles, submit the completed "Pile
riving Equipment Data" sheet a minimum of
efore the scheduled date of driving piling.
(that’s you) will forward this
information\for\a Test Pile (Special) to the Chief
Geologist.

44

Section 704.4
Construction Requirements

a. Order Lists, Piles, and Test
Piles

Engineer requires a restrike, follow
ion 704.4e. for restrike procedures

45

15



Section 704.4
Construction Requirements

a. Order Lists, Piles, and Test
Piles

test piles at specified locations

ill use test pile information to
e pile tip elevation

46

Section 704.4
Construction Requirements

a. Order Lists, Piles, and Test
Piles

ammers are used on a project
piles, drive a test pile with each

47

Section 704.4
Construction Requirements

b. Test Pile
(Special)

Driving Analyzer
monitor

48

16



Section 704.4
Construction Requirements

b. Test Pile (Special)

Notify Engineer (John) minimum 5 working
days prior to test.

Allow 12 hours for pile to be prepared for test

fe and reasonable access to pile

r will use the PDA results to provide the
a blow count for production driving.

49

Section 704.4
Construction Requirements
¢. Driving piles

Piles can be driven with a gravity, diesel or air
hammer

or

ombination of pre-drilled holes or water jetting
and a hammer

Subsection 704.3 for pile driving

Section 704.4
Construction Requirements

c. Driving piles

Drive piles at the locations and to lines
shown on plans

se leads long enough to be spiked into
nd




Section 704.4
Construction Requirements

c. Driving piles
Do not drive piles until excavation for

footing, webwall, or abutment is
complete

Section 704.4
Construction Requirements

Don’t allow a contractor to ignore this
spec.

18



Section 704.4
Construction Requirements

c. Driving piles

Drive all piles for a footing or abutment

before placing any concrete in the footing
r abutment unless pile is over 20 feet
oncrete, or unless concrete has
cured 24 hours

55

Section 704.4
Construction Requirements

(c) Driving piles
Drill pile holes as shown on the plans

Maximum allowed diameter of predirill
holes is 3” greater than pile diameter

illing not specified, Contractor may
rilhif Engineer approves

56

Section 704 Piling
704.4 Construction Requirements

(c) Driving piles

After pile is driven, backfill with loose
sand or material specified on plans

oncrete is specified for backfill, use
te slump and vibration to eliminate
nd pile

57

19



Section 704.4
Construction Requirements

c. Driving piles

Drive all piling perpendicular to long axis of
ile

caps (helmets) on all piles

58

Section 704.4
Construction Requirements

c. Driving piles
For pile caps of concrete piles and

prestressed concrete piles, use a
suitable cushion next to the pile

ilehelmets for steel piles must have
to accommodate the shape of

59

Section 704.4
Construction Requirements

c. Driving piles
On pipe piles, the helmet must have an

interior guide (mandrel) that sticks into the
ile at least 6 inches.

60




Section 704.4
Construction Requirements

.

/

Most.of the time, each step on a guide is 3”.
Soywe heed 2 steps inside a pipe pile.

Section 704.4
Construction Requirements

c. Driving piles

It is not necessary to have 6 inches of the
interior guide up against the pile itself.

otal of 6 inches.

Section 704.4
Construction Requirements

c. Driving piles
Use full-length pile where practical

Splice steel pile where shown on plans or
with permission of Engineer

ide experienced welder, qualified
ection 713 to make the welded
steel pile

is Qualification of Field Welders)

63

21



Section 704.4
Construction Requirements

c. Driving piles

Contractor must
ect any failed

64

Section 704.4
Construction Requirements

c. Driving piles

Avoid extensions, splices, or build-ups of
prestressed concrete piles

ns will show method for splicing

65

Section 704.4
Construction Requirements

c. Driving piles

Replace any damaged pile with new,
longer pile

--crushing or spalling of concrete pile

ormation of steel pile

An a al pile may be driven next to
damaged pile, if approved by Engineer

66
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Section 704.4
Construction Requirements

c. Driving piles

ove and replace any pile not in its
location with new, longer pile

Do not force misaligned piles into position

67

Section 704.4
Construction Requirements

Tolerance to Vertical

(Vertical)

Stralght Oops___

68

Section 704.4
Construction Requirements

Tolerance to Vertical

Oops...

69

23



Section 704.4
Construction Requirements

Tolerance to Vertical

Variation
from Vertical

70

(c) Driving piles

Tolerance to Vertical

ou have enough pile sticking out of
round, just measure it directly

71

Section 704.4
Construction Requirements

c. Driving piles

Tolerances to Vertical or Battered Lines

Piles 35 feet or shorter: V4" per foot of length

PilesJdonger than 35 feet: 1/8” per foot

72

24



Driving Tolerances to Vertical—Example

You are driving H-piles into chalky limestone for
a 3-pier bridge over Big Possum Creek in
southern Gove County. The piers are
supported by small pile groups. The order

th for piling in Pier 3 is 28 feet. You stop
ing'when you notice one of the piles seems
oked. How can you check to see if it's

Driving Tolerances to Vertical—Example

Pile Length—28 feet

Driving Tolerances to Vertical—Example

Pile Length—28 feet

Tolerance for piles shorter than 35 feet is ¥4 inch
per foot of pile

25



Driving Tolerances to Vertical—Example

Pile Length—28 feet

Tolerance for piles shorter than 35 feet is ¥4 inch
per foot of pile

have a 4-foot long level.

76

Driving Tolerances to Vertical—Example

4 feet x Vainch/foot= 1 inch

You would measure the distance it is out of plumb,
and contact the Bridge Office if it exceeds one

ing\a 4-foot level to check, you either have
2" or 1%|eeway, depending on the pile length.

77

Section 704.4
Construction Requirements

c. Driving piles

Tolerances to Vertical or Battered Lines

If you don’t have enough pile sticking out to
ure it directly, have the location

and measure how far off it is.
ck-calculate.

su

78
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Section 704.4
Construction Requirements

c. Driving piles

Tolerances to Position of Pile Head
(Elevation of Top of Pile)

in bents: 27

ion piles (pile groups): 6”

79

Maximum Variation from Pile Cutoff
Elevation at the Top of the Pile
After Driving

Maximum Variation from Pile
Cutoff Elevation at the Top of the
Pile After Driving

Piles in

. Pile Groups

81
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Section 704.4
Construction Requirements

c. Driving piles

Drive all piles in the orientation shown
on the Plans. If the axial orientation
the pile rotates or twists by more
10°, the Field Engineer (that's
you) will contact the bridge designer
in Tope

82

HHHHHH

H

Typical Pile Bent Abutment

83

HIHHHHH

H

\ 4 \ 4

Weak direction lined up parallel to
long axis of bridge.

tment can flex with the deck.

84
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m ol e il il e i o e

Weak direction lined up perpendicular
to long axis of bridge.

Fixed abutment will resist movement.

Section 704.4
Construction Requirements
c. Driving piles

Re-drive all piles pushed up by
jacent pile driving or any other

Section 704.4
Construction Requirements

d. Bearing Values and Required
Penetration

Drive piling to the specified bearing value,
enetration, and pile tip elevation

if 1.1 times the minimum
pile drive formula load) is

87
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Section 704.4
Construction Requirements

d. Bearing Values and Required
Penetration

driving if the pile will be damaged
the minimum requirements are met

88

Section 704.4
Construction Requirements

d. Bearing Values and Required
Penetration

If required bearing can’t be obtained, the
umber of piling may be increased

i e approval of the Engineer
(bridge engineer in Topeka)

89

Section 704.4
Construction Requirements

d. Bearing Values and Required
Penetration

This would only be done after splicing
d restriking have been tried.

iling is rarely needed.

90
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Section 704.4
Construction Requirements

TABLE 704-1: PILE FORMULAS

Hammer | Pile Type | Formula
. 2 W H
Gravity Timber P
S+1.0
Steel " r
. 3IWH( w |
Gravity Steel Shell P

Steel Sheet $+035 | (W+X)

Air/Steam ‘ p 2 WH
(Single Acting) $+0.1
Air/Steam T 2 E
e p
(Double Acting) All Types ool
16 W H

All Types

/)

Delmag and
McKierman-Terry*

- P [
All Types ‘ seor [X7)
w

16 F
P

Link-Belt* All Types siol | \“ |

“d umers
e el hammers, the quantity X/W shall not be less than |

P = safe bearing power iy pounds

91

Section 704.4
Construction Requirements

d. Bearing Values and Required
Penetration

Formulas only apply when:

mmer falls freely

tion is quick and uniform

nt bounce after the strike

92

Section 704.4
Construction Requirements

d. Bearing Values and Required
Penetration

ater jets used, determine bearing capacity
jets have been removed
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Section 704.4
Construction Requirements

d. Bearing Values and Required
Penetration

If a different brand of diesel hammer is used
besides the 3 listed in the Formula Table,
80 % (0.80) of the manufacturer’s
energy rating in the formula to
ine\bearing capacity.
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Section 704.4
Construction Requirements

d. Bearing Values and Required
Penetration

For an air hammer, use 100 %
the manufacturer’s listed energy
ing-in the formula to determine bearing
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Section 704.4
Construction Requirements

e. Pile Restrike Procedure

If pile doesn’t get resistance within a few feet
of plan elevation, a restrike may be used

Call th ional Geology Office for help

96
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Section 704.4
Construction Requirements

e. Pile Restrike Procedure

(1) No test piles called for on bridge and
PDA not available

Il piles in group to within 2 feet of plan

Leavethem alone for at least 24 hours

97

Section 704.4
Construction Requirements

e. Pile Restrike Procedure

Warm up hammer far from piles to restrike

Immediately restrike 20% of piles in group, minimum
2 piles per group

98

Section 704.4
Construction Requirements

e. Pile Restrike Procedure

Strike a pile with warm hammer for 20
blows or until it moves 4 inches,
whichever comes first

rd penetration for every 5 blows

moves less than 2 inch, stop
fter 10 blows

99
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Section 704.4
Construction Requirements

e. Pile Restrike Procedure

(1) No test piles called for on bridge and
PDA not available

ate resistance based on average penetration
irst 5 blows

forall piling in group is the resistance
calculated for that one pile.  Pretty sweet, huh?

100

Section 704.4
Construction Requirements

e. Pile Restrike Procedure

If calculated resistance is too low, splice and resume

101

Section 704.4
Construction Requirements

e. Pile Restrike Procedure

(2) Test pile called for on bridge and PDA
not available

test pile as you would a common
restrike,\using the above rules.

102
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Section 704.4
Construction Requirements

e. Pile Restrike Procedure
(3) Test Pile (Special) called for on
bridge or PDA is available

Fo recommendations of the Regional
Ge [
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Section 704.4
Construction Requirements

f. Pile Cut-off and Pile Painting

(1) After piles are driven, cut them off at
the designated elevation

If capping is required, make the
caonnection as shown in the
ontract

Section 704.4
Construction Requirements

f. Pile Cut-off and Pile Painting

Pieces cut off become property of
KDOQOT, if the Engineer wants them.
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Section 704.4
Construction Requirements

(f) Pile Cut-off and Pile Painting

Some Area Engineers or Area Construction
Engineers automatically salvage pieces
onger than 5 or 6 feet.

y to decide whether their KDOT area
iling pieces in the near future.

106

Section 704.4
Construction Requirements

f. Pile Cut-off and Pile Painting

(1) Pile pieces not wanted by the
Engineer become the property of
the Contractor
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Section 704.4
Construction Requirements

f. Pile Cut-off and Pile Painting

(2) Paint the exposed steel of piling
using the same kind of paint and
number of coats as used for
structural steel of bridge

aint the piling in the field

108
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Section 704.4
Construction Requirements

f. Pile Cut-off and Pile Painting
(2) If no painting specified in plans:

Use prime coat of inorganic zinc

rylic or polyurethane finish coat

See ision 700

109

Section 704.4
Construction Requirements

f. Pile Cut-off and Pile Painting
(2) Paintthe piling for a distance of one

foot below :
ttom of channel

bankment

Normal lowswater elevation

110

Section 704.4
Construction Requirements

g. Cast-In-Place Concrete Piles

(also called “Shell Piles” and “Closed-end
Pipe Piles”)

steel shells are driven, remove all loose
ial from inside shells

Fill the shells with Grade 3.5 concrete unless the

111
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Section 704.4
Construction Requirements

g. Cast-In-Place Concrete Piles

Don’t place concrete in shells until all driving
within 15 feet is finished

or

Until alNpiles for that bent are driven

112

Section 704.4
Construction Requirements

g. Cast-In-Place Concrete Piles

If that isn’t possible, stop driving until concrete
in all piles for that bent has cured at least 7

water from inside the shells before
placing concrete

113

g. Cast-In-Place
Concrete Piles

Vibrate the concrete
in the upper 15 feet
he shell

114
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Section 704 Piling
704.5 Measurement and Payment

The Engineer (that's you) will measure:
Length of steel piling left in bridge, by linear

foot

ength of concrete pile from the tip to the
e where it is cut to connect with the
orfooting

Do not include.the length of reinforcing steel at
the top Of prestressed concrete piles

115

Section 704 Piling
704.5 Measurement and Payment

The Engineer (that's you) will measure:

Actual length of ordered and accepted test
piles by the linear foot

cast steel pile
intused
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Section 704 Piling
704.5 Measurement and Payment

The Engineer (that's you) will measure:

Each pile splice needed that wasn't called
for in the plans

Ino rds, when we had to splice
becausethe geology didn’t behave

117
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Section 704 Piling
704.5 Measurement and Payment

For all types of steel and concrete pile, if a
splice is needed and not shown on the
plans, the cost of the splice is :

es the contract unit price per foot of
ile type

118

Example of Pile Splice Cost
Contract unit cost of steel H-pile =
$32.00 per foot

The cost of a splice for this type of pile
is 4 times the contract unit price per

\fOOt

119

Section 704 Piling
704.5 Measurement and Payment

Do not measure for payment :

Splices shown on the plans

S the contractor did for his own
convenience

120
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Section 704 Piling
704.5 Measurement and Payment

The Engineer (that’s you) will measure:

Predrilled holes by the linear foot

Me e-from bottom of hole to the bottom

of footing. (pile cap) or abutment

121

Section 704 Piling
704.5 Measurement and Payment

If the Contractor drills deeper than the plans
call for, do not measure the extra depth

tractor uses predrilling for his
ience, do not measure for payment

122

Section 704 Piling
704.5 Measurement and Payment

The Engineer (that’s you) will measure:

Pile cut-off by the linear foot

t-off is the difference between the
th.of pile ordered and accepted and
length of pile remaining in the

123
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Section 704 Piling
704.5 Measurement and Payment

Length Ordered and Accepted

---- Length left in bridge

= L h of pile cut-off

124
Section 704 Piling
704.5 Measurement and Payment
TABLE 704-2: PILE CUT-OFF PAYMENT
Pile Type % of Contract Unit Price Paid
Cast-in-place (Shell) 60
Pre-stressed concrete 75
| Steel 75
Steel Sheet 75
125

Section 704 Piling
704.5 Measurement and Payment

Steel Pile = 75% of the Contract
unit price for steel piles

ressed Concrete Pile =
f the Contract unit price
for prestressed concrete piles

126
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Section 704 Piling
704.5 Measurement and Payment

Cast-in-place concrete piles = 60% of
the contract unit price for concrete
piles

SteelSheet Pile = 75% of the contract
unit price for steel sheet piles

Section 704 Piling
704.5 Measurement and Payment

If Contractor uses a longer pile (for whatever
reason) than the length ordered and accepted,
cess length is not measured as cut-off.

Materials Section 1609
Steel Piling and Pile Points

Page 1600-18
Steel Pile:

Explains type of steel accepted (ASTM)

iscusses types of welds on pipe pile

Li diameter tolerances on pipe pile

129
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Materials Section 1609
Steel Piling and Pile Points

Page 1600-18
Pile Points:
Fabricated or cast from steel

eferences ASTM Standards

130
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704 - PILING

SECTION 704

PILING

704.1 DESCRIPTION
Drive the specified types of piles to the penetration and bearing values shown in the Contract Documents.

BID ITEMS UNITS

Piles (*) (**) Linear Foot

Test Piles (*) (**) Linear Foot

Test Piles (Special) (*) (**) Linear Foot

Cast Steel Pile Points Each

Pre-Drilled Pile Holes Linear Foot

*Type: Cast-In-Place Concrete, Prestressed Concrete, Steel or Steel Sheet, Corrugated Metal Sheet
**Size

"Black or Galvanized

704.2 MATERIALS
Provide materials that comply with the applicable requirements.
COMCTRLE ...ttt sttt ettt ettt et ettt b e bt ettt b e st s b sb e bt ebe bt et et e benaeenes SECTIONS 401 & 402
Aggregates for Concrete Not On Grade ........cocceeeeeieieieeienienieeeee e SECTIONS 1102
Prestressed Concrete PIles .........oooieiieiiiiiiieieeee e DIVISION 700
Steel Bars for Concrete Reinforcement ............cooceeveveiinienieneeiieieneeeeeee DIVISION 1600
Steel Piling and Steel Pile POINES .......ccooiiiiiiiiiieieeee e DIVISION 1600
Type B Preformed Expansion Joint Filler ...........ccocoooiiiiiniiiiiiiccceece DIVISION 1500
Paint MaterialS ......c.ooiiiiiiieiieii ettt DIVISION 1800

704.3 PILE DRIVING EQUIPMENT

a. General. Pile driving hammers other than drop hammers shall be of the size needed to develop the
energy required to drive piles at a penetration rate of not less than 0.10 inches per blow at the minimum driving
resistance according to the appropriate pile driving formula in TABLE 704-1.

In addition to all other requirements, single and double acting diesel hammers and air/steam hammers require
the following.

(1) Open-End (Single Acting) Diesel Hammer. Equip open-end (single acting) diesel hammers with a device
such as rings on the ram or a scale (jump stick) extending above the ram cylinder, to permit the Engineer to visually
determine hammer stroke at all times during pile driving operation. Also, provide the Engineer a chart from the
hammer manufacturer equating stroke and blows per minute for the open-end diesel hammer to be used.

(2) Closed-End (Double Acting) Diesel Hammer. Equip closed-end (double acting) diesel hammers with a
bounce chamber pressure gauge, mounted near ground level so as to be easily read by the Engineer. Also, provide
the Engineer a chart, calibrated to actual hammer performance, equating bounce chamber pressure to either
equivalent energy or stroke for the closed-end diesel hammer to be used.

(3) The weight of the striking part of air/steam hammers used shall be a minimum of s the weight of the
pile and drive cap, and in no case shall the striking part have a weight less than 2,750 pounds.

b. Hammers for Steel Piles, Steel Sheet Piles and Shells for Cast-in-Place Concrete Piles. If a gravity
hammer is used for driving steel piles, steel sheet and shells for cast-in-place concrete piles, use one with a
minimum weight of 3,500 pounds. In no case may the weight of the gravity hammer be less than the pile being
driven plus the weight of the driving cap. In lieu of weighing the hammer, a certification may be provided by the
Contractor. Equip all gravity hammers with hammer guides to maintain concentric impact on the drive head or pile
cushion. Regulate the fall to avoid injury to the piles. The fall shall be a maximum of 12 feet. If diesel or air/steam
hammers are used, the maximum fall shall be 90% of the maximum fall recommended by the hammer manufacturer.
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704 - PILING

If steam or diesel hammers are used, its rated gross energy in foot-pounds shall be a minimum of 2 % times the
weight of the pile in pounds. The hammer shall develop a minimum of 6,000 foot-pounds of energy per blow.

c. Hammers for Pre-stressed Concrete Piles. Unless otherwise provided, drive pre-stressed concrete
piles with a diesel or air/steam hammer that can develop an energy per blow at each full stroke of the piston of a
minimum of 1 foot-pound for each pound of weight driven. The hammer shall develop a minimum of 6,000 foot-
pounds of energy per blow.

d. Vibratory Hammers. Vibratory hammers may only be used when specifically allowed by the Contract
Documents or in writing by the Engineer. If approved, vibratory hammers shall be used in combination with pile
load testing and re-tapping with an impact hammer. In addition, 1 of every 10 piles driven with a vibratory hammer
shall be re-tapped with an impact hammer of suitable energy to verify that acceptable load capacity was achieved.

e. Additional Equipment. The plant and equipment provided for air/steam hammers shall have sufficient
capacity to maintain, under working conditions, the pressure at the hammer specified by the manufacturer. In case
the required penetration or bearing is not obtained by the use of a hammer complying with the above minimum
requirements, provide a hammer of greater energy or when permitted, resort to jetting or pre-drilling at Contractor
expense. Use of the pile driving analyzer may be required when minimum requirements are not obtained or results
are doubtful.

f. Leads. Construct pile-driving leads to afford freedom of movement for the hammer. Hold them in
position with guys or stiff braces to support the pile during driving. Except where piles are driven through water,
use leads of sufficient length that the use of a follower shall not be necessary. Leads shall be of sufficient length to
allow them to be spiked into the ground at the onset of driving.

g. Hammer Cushion. Equip all impact pile driving equipment except gravity hammers with a suitable
thickness of hammer cushion material to prevent damage to the hammer or pile and to maintain uniform driving
behavior. Use hammer cushions made of durable, manufactured material that shall retain uniform properties during
driving. Wire rope and asbestos hammer cushions are prohibited. Place a striking plate on the hammer cushion to
maintain uniform compression of the cushion material. Inspect the hammer cushion in the presence of the Engineer
when beginning pile driving at each structure or after each 100 hours of pile driving, whichever is more frequent.
Replace the hammer cushion whenever there is a reduction of hammer cushion thickness exceeding 25% of the
original thickness, or when the cushion begins deteriorating, tearing, etc., before continuing driving.

The following are acceptable types of pile cap material. Other materials may be used with approval of the
Bureau of Construction and Materials.

(1) Micarta (Conbest) - This is an electrical insulating material composed of fabric and phenol. Replace
when it starts to powderize or when it disintegrates into various layers.

(2) Nylon (2-inch thick blocks) - Occasional vertical cracking is not detrimental. However, replace after
the cushion develops horizontal cracks.

(3) Hamortex (metallized paper reels) - Pay attention as it may compress or disintegrate.

(4) Force 10, Forbon, and Fosterlon - These materials are provided by manufacturers of pile driving
equipment.

(5) Aluminum - Aluminum is often used to separate layers of softer cushioning material. Replace once the
aluminum is deformed or broken.

(6) Wood (plywood or hardwood) should only be used with gravity hammers.

h. Pile Driving Head. Fit piles driven with impact hammers with an adequate driving head to distribute
the hammer blow to the pile head. Axially align the driving head with the hammer and the pile. The driving head is
guided by the leads and shall not be free swinging. The driving head shall fit around the pile head in a manner that
prevents transfer of torsional force during driving while maintaining proper alignment of hammer and pile.

i. Water Jets. When jets are permitted, the number of jets and the volume and pressure of water at the jet
nozzle shall be sufficient to freely erode the material adjacent to the pile. Use a plant with sufficient capacity to
deliver a minimum of 100 pounds per square inch pressure at ¥-inch jet nozzles at all times. At a minimum of 5
feet before the desired penetration is reached, withdraw the jets and drive the piles to secure the final penetration
with an approved hammer.
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704.4 CONSTRUCTION REQUIREMENTS

a. Order Lists, Piles and Test Piles. The order list is the same as the estimated quantity (number and
length of piles) shown in the Contract Documents.

For piles and test piles, provide the Engineer with the completed "Pile and Driving Equipment Data" sheet
a minimum of 3 weeks before the scheduled date of driving piling. The Engineer will forward this information for
Test Pile (Special) to the Chief Geologist.

When a restrike is required by the Engineer, follow subsection 704.4e. for restrike procedures. Provide
piles for the structure according to the order list (number and length of piles) prepared by the Engineer.

Drive the specified test piles at the locations shown in the Contract Documents. The Engineer will use the
test pile information to determine the pile tip elevation.

If multiple hammers are used on a project requiring test pile or test pile (special), drive a test pile or test
pile (special), whichever is specified, with each hammer.

b. Test Pile (Special). Pile Driving Analyzer (PDA). The Engineer will use the PDA to monitor the
driving of the test piles (special). Provide the Engineer with the completed "Pile and Driving Equipment Data" sheet
a minimum of 3 weeks before the scheduled date of driving piling. The Engineer will forward this information to
the Chief Geologist.

In order to mobilize the PDA, notify the Engineer a minimum of 5 working days before driving the test
piles (special). Prior to driving the test pile (special), the Engineer will require approximately 1%z hours to prepare
the test piling (special) and install the dynamic measuring equipment. If with prior approval, the piles are to be
welded prior to the Engineer attaching the testing equipment, provide the Engineer with safe and reasonable means
of access to the pile for preparing the pile and attaching the instruments.

When a restrike is required by the Engineer, follow subsection 704.4e.(3). for restrike procedures.

To obtain the estimated ultimate loads, the Engineer will use the PDA to take dynamic measurements as the
test pile (special) is driven to the required driving resistance. If non-axial driving is indicated by dynamic test
equipment measurements, immediately realign the driving system. The Engineer will use the PDA results to provide
the Contractor with a blow count for production driving.

c. Driving Piles. Drive the piles with a gravity hammer, a diesel hammer, an air/steam hammer or a
combination of pre-drilled holes or water jetting and a hammer. Use equipment that complies with subsection
704.3.

Drive the piles at the locations and to the vertical or battered lines shown in the Contract Documents. Use
leads of sufficient length to allow them to be spiked into the ground at the onset of driving the pile.

Do not drive piles until the footing, webwall or abutment excavation is completed. Drive all of the piles
required for the footing or abutment before placing any concrete in the footing or abutment, unless the foundation is
a minimum of 20 feet away or has cured a minimum of 24 hours.

When specified, drill pile holes before driving the piles. Drill the holes accurately so that the piles are set
as shown in the Contract Documents. The maximum size of the pre-drilled holes is equal to the diameter of the pile
plus 3 inches. The depth of pre-drilled pile holes is shown in the Contract Documents. If pre-drilled pile holes are
not specified, the Contractor may choose to pre-drill pile holes, provided the Engineer approves the Contractor’s
method and limits. After the piles are driven to their final positions in the pre-drilled holes, fill the holes with loose
sand or material specified in the Contract Documents. If concrete is specified, allow sufficient concrete slump and
provide vibration to fill all voids around the pile.

Drive all pile heads perpendicular to the longitudinal axis of the piles to prevent eccentric impacts from the
drive head of the hammer. Use pile caps on all piles during the pile driving operations. For pile caps of concrete
piles and prestressed concrete piles, use a suitable cushion next to the pile head that fits into a casting that supports a
timber shock block. On pile caps for steel piles and steel sheet piles, provide grooves in the bottom of the cap to
accommodate the shape of the piles to hold the axis of piles in line with the axis of the hammer. On pipe pile, use a
helmet with a minimum interior guide of 6 inches.

If specified, use the type of cast steel pile points shown in the Contract Documents. Use pile points that
provide full bearing for the piles. Provide an experienced welder to attach the cast steel pile points to the piles.

Use full-length piles where practicable. It is preferred that steel piling is not spliced. Splices may be made
with the permission of the Engineer, or when shown in the Contract Documents. Make splices as shown in the
Contract Documents. Use an approved welding process as provided in DIVISION 700 to make the splices. Provide
an experienced welder qualified under SECTION 713 to make the welded splices for structural steel piling and shell
piling. Correct or replace any failure in the splice at own expense.
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Avoid extensions, splices or build-ups on prestressed concrete piles whenever possible. When splicing is
necessary, make them as shown in the Contract Documents.

If the pile driving procedure causes crushing or spalling of the prestressed concrete piles, or deformation of
the steel piles, remove and replace the damaged piles with new, longer piles. A second pile may be driven adjacent
to the damaged pile, when approved by the Engineer and can be accomplished without detriment to the structure.

Do not force misaligned piles into proper position. Remove and replace piles driven out of their proper
location with new, longer piles.

e If the driven pile is 35 feet or less in length, the maximum allowable variation from the vertical or

battered lines shown in the Contract Documents is 4 inch per foot of length.

e If'the driven pile is greater than 35 feet in length, the maximum allowable variation from the vertical or

battered lines shown in the Contract Documents is ' inch per foot of length.

e The maximum allowable variation on the head of the driven pile from the position shown on the

Contract Documents is 2 inches for piles used in bents, and 6 inches for foundation piles.

e Drive all piles in the orientation shown on the Plans. If the axial orientation of the pile rotates or twists

by more than 10°, the Field Engineer will contact the Bureau of Structures and Geotechnical Services.

Re-drive all piles pushed up by the driving of adjacent piles, or by any other cause.

d. Bearing Values and Required Penetration. Drive the piling to attain, as a minimum, the specified
bearing value, penetration and pile tip elevation. Stop driving the piling (regardless of the penetration) if 1% times
the specified minimum driving resistance is attained. Stop driving the piling if, in the opinion of the Engineer, the
specified minimum driving resistance, penetration and pile tip elevation can not be attained without damage to the
piling. If the specified minimum driving resistance is not attained with the specified number and length of piling,
the Engineer may allow additional piling be driven so that the maximum load on any pile does not exceed its safe
carrying capacity.

In the absence of loading tests, determine the safe bearing values of piles by the formulas in TABLE 704-
1.
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TABLE 704-1: PILE FORMULAS
Hammer Pile Type Formula
Gravity Timber P= 2w H
S+1.0
Steel
3 WH
Gravity Steel Shell P= S1035 [ WW J
Steel Sheet i (W+X)
Air/Steam 2 W H
. . p==2———
(Single Acting) AL S+0.1
Air/Steam 2 E
P=
(Double Acting) All Types S+0.1
el . p__ 16 W H
elmag an T X
McKierman-Terry* Al e S+0.1 ( = ]
p__ 16 E
; *
Link-Belt* All Types S+0.1 XW*)

*diesel hammers

** For diesel hammers, the quantity X/W shall not be less than 1.

P = safe bearing power in pounds

W = weight in pounds, of striking part of hammer

H = height of fall in feet

E = energy of ram in foot-pounds per blow

S = the average penetration in inches per blow for the last 5 blows for gravity hammers and the last 20
blows for air/steam or diesel hammers

X = weight in pounds of the pile plus the weight of any cap and/or anvil used on the pile during driving

The above formulas are applicable only when:

e  The hammer has a free fall;

e  The penetration is reasonably quick and uniform; and
e There is no appreciable bounce after the blow.

If water jets are used in connection with the driving, determine the bearing capacity by the formulas above
from the results of driving after the jets have been withdrawn, or a load test may be applied.

The energy rating used to determine if any type or brand of diesel hammer is of adequate size other than
those shown in TABLE 704-1, is 80% of the energy rating as listed by the manufacturer.

Use an energy rating of 100% of the energy rating listed by the manufacturer for computing bearing values
and to determine if an air/steam is of adequate size. If the number of blows per minute for an air/steam hammer
deviates significantly from the number designated by the manufacturer, take corrective action as directed by the
manufacturer.

e. Piling Restrike Procedure.

If a pile does not attain the minimum driving resistance within a few feet of the plan elevation, the pile
restrike procedure may be used. Contact the Regional Geology Office for guidance before using the restrike
procedure. Restrike procedures differ depending on whether a Test Pile, Test Pile (Special) or neither is called for in
the Contract Documents. When a PDA is used, the restrike procedure will be as directed by the Regional Geologist.

(1) Use the following procedure when neither a Test Pile nor a Test Pile (Special) is called for in the
Contract Documents, and the PDA is not available. The following procedure shall be used.

e Drive all of the piling in a group to within 2 feet of plan elevation;

e A group of piling is defined as all piles contained within a single footing.

e  All of the piling in the pile group shall sit undisturbed for a minimum of 24 hours;

e  Prior to starting the restrike procedure, warm the hammer up at a location as far away from the pile

group as practical, preferably in another substructure member or pile group;
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e  Using the warmed up hammer, immediately restrike 20% of the piles in a group, with a minimum of 2 in
a group restruck. Of these, restrike the piles in a single group with the furthest spacing away from each
other. When possible, restrike those with the lowest resistance during driving.

e Restrike for 30 blows or until the pile penetrates an additional 4 inches, whichever comes first. Record
the penetration for every 5 blows. In the event the pile movement is less than '% inch during the restrike,
the restrike may be terminated after 20 blows.

e Restrike additional (the 20% or 2 minimum specified above) pile in the group as directed by the
Engineer.

The driving resistance of the piling is computed based on the average penetration, if any, for the first 5
blows. The driving resistance of each piling is the driving resistance computed for the pile that was restruck. If the
computed driving resistance is less than the design pile load, splice additional length onto each piling in the group
and resume driving each piling until the required driving resistance is achieved.

(2) Use the following procedure when a Test Pile is called for in the Contract Documents, and the PDA is
not available. The following procedure must be used.

e  Drive the Test Pile to within 2 feet of plan elevation;

e  The Test Pile shall sit undisturbed for a minimum of 24 hours;

e  Prior to starting the restrike procedure, warm the hammer up at a location as far away from the Test

Pile as practical, preferably in another substructure member or pile group;

e The Test Pile is then immediately restruck with the warmed-up hammer for 30 blows or until the pile
penetrates an additional 4 inches, whichever comes first. Record the penetration for every 5 blows. In
the event the pile movement is less than Y5 inch during the restrike, the restrike may be terminated after
20 blows.

The driving resistance of the Test Pile is computed based on the average penetration, if any, for the first 5
blows. If the computed driving resistance is less than the design pile load, splice additional length and resume
driving until the minimum driving resistance is achieved.

(3) When a Test Pile (Special) is called for on the plans, or a PDA is available, follow the recommendations
of the Regional Geologist for the Restrike Procedure.

f. Pile Cut-Off and Pile Painting.

(1) After the piles are driven as specified, cut the piles off at the designated elevation. If capping is
required, make the connection as shown in the Contract Documents.

Pile cut-off material becomes the property of KDOT, if the Engineer determines the pile cut-off material is
worth salvaging. Store the salvageable material at the site selected by the Engineer. Pile cut-off material
determined to not be salvageable becomes the property of the Contractor.

(2) Paint the exposed portion of steel piles, steel sheet piles, or the shells or castings of cast-in-place
concrete piles. Unless otherwise noted in the Contract Documents, apply the paint in the field. Use the same kind
of paint and total number of coats as specified for the structural steel on the structure. If a paint system is not
specified for the structure, use a prime coat of inorganic zinc as required for the shop coat and an acrylic or
polyurethane finish coat, as specified in DIVISION 700 for the final coat. Apply the paint to the pile for a distance
of 1 foot below the bottom of the channel, top of the embankment, natural ground or normal low water elevation.

g. Cast-In-Place Concrete Piles. After the steel shells are driven as specified, remove all loose material
from inside the steel shell. Unless specified otherwise in the Contract Documents, use Grade 3.5 concrete to fill the
steel shells. Do not place concrete in the steel shell until the driving of all steel shells within a radius of 15 feet from
the pile is completed, or until all the piles for any one bent are driven. If this can not be done, discontinue all driving
within the above limits until the concrete in the last pile cast is a minimum of 7 days old. Remove accumulations of
water from inside the steel shells before concrete is placed. Consolidate the concrete in the upper 15 feet of the steel
shell by internal vibration.

h. Sheet Pile. Use a fabricated or cast driving head with corrugations to match the top of the sheeting
while driving the sheet piling.
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704.5 MEASUREMENT AND PAYMENT

The Engineer will measure the length of steel pile, steel sheet pile, cast-in-place concrete pile and
prestressed concrete pile remaining in the structure, by the linear foot.

The Engineer will measure the length of prestressed concrete from the tip of the pile to the point that
concrete is removed to provide the connection with the cap or footing. This measurement does not include the
length of reinforcing steel extending beyond the pile and into the cap or footing.

The Engineer will measure the actual length of ordered and accepted test pile and test pile (special) by the
linear foot.

The Engineer will measure each cast steel pile point used.

If after driving the ordered and accepted length of pile, plan bearing is not achieved and additional pile is
required, the Engineer will measure for payment each pile splice needed to lengthen the pile to achieve bearing. The
Engineer will not measure for payment pile splices shown in the Contract Documents or pile splices approved for
the Contractor’s convenience.

The Engineer will measure pre-drilled pile holes by the linear foot. The Engineer will measure pre-drilled
pile holes from the elevation at the bottom of the hole to the bottom of the footing or abutment elevation shown in
the Contract Documents. If the Contractor drills the pile holes to an elevation below that shown in the Contract
Documents for bottom of hole, the additional drilling below the elevation shown in the Contract Documents is not
measured for payment. Pre-drilled pile holes not specified, but drilled for the Contractor’s convenience are not
measured for payment.

The Engineer will measure pile cut-off by the linear foot for Pile (¥) (**). Pile cut-off is the difference
between the length of pile ordered and accepted and the actual length of pile remaining in the structure. If the
Contractor (for convenience or method of operation) uses a length of pile that exceeds the length of pile ordered and
accepted, the excess length is not measured as pile cut-off.

The Engineer will not measure pile cut-off of Test Pile (*) (**) and Test Pile (Special) (¥*) (**) for
payment. If the pile for these items is cutoff and used/spliced on the project, the pile will not be measured for
separate payment. Splices will be paid for according to this subsection.

The Pile Restrike procedure shall not be paid for separately, but shall be subsidiary to the bid item "Piling",
"Test Pile" and "Test Pile (Special)".

Payment for the various types of "Piles" and "Test Piles", "Cast Steel Pile Points" and "Pre-Drilled Pile
Holes" at the contract unit prices is full compensation for the specified work.

Payment for pile splices at 4 times the contract unit price of the type of pile spliced is full compensation for
the specified work.

Payment for pile cut-off per linear foot as shown in TABLE 704-2 is full compensation for the specified

work.
TABLE 704-2: PILE CUT-OFF PAYMENT
Pile Type % of Contract Unit Price Paid
Cast-in-place (Shell) 60
Pre-stressed concrete 75
Steel 75
Steel Sheet 75
The costs of all load tests ordered by the Engineer will be paid for as Extra Work as shown in SECTION
104.
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Disclaimer: This website and documents are provided for use by persons outside of the Kansas Department of Transportation as
information only. The Kansas Department of Transportation, the State of Kansas, nor its officers or employees, by making this
website and documents available for use by persons outside of KDOT, does not undertake any duties or responsibilities of any such
person or entity who chooses to use this website and documents. This website and documents should not be substituted for the
exercise of a person’s own professional judgment nor the determination by contractors of the appropriate manner and method of
construction on projects under their control. It is the user’s obligation to make sure that he/she uses the appropriate practices. Any
person using this website and documents agrees that KDOT will not be liable for any commercial loss; inconvenience; loss of use,
time, data, goodwill, revenues, profits, or savings; or any other special, incidental, indirect, or consequential damages in any way
related to or arising from use of this website and documents.
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5.3 DRIVEN PILE

5.3.1 General

Driven piles are used as the foundation for almost all abutments in Kansas bridges. Likewise they
are used as the foundation for many piers in Kansas bridges. Proper pile driving inspection is
critical to a successful bridge project.

What is a driven pile?

There are two types of driven piles: sheet pile and foundation pile. Sheet piles are long,
interlocking, rolled steel plates used in retaining structures, such as walls and cofferdams.
Foundation piles are long slender columns designed to be driven into the ground. Foundation piles
will be discussed here.

Foundation piles are simply columns, designed to transmit surface loads to low lying soil or
bedrock. These loads are transmitted by friction between the pile and ground and by point bearing
through the end of the pile. The actual amount of frictional resistance or end bearing is dependent
on the particular site conditions.

Foundation piles are made of steel, concrete, or timber. Of these materials, steel H-pile and cast-
in-place pipe pile are most commonly used in Kansas. The material and size of pile to be used on
a particular project are designated in the plans on the General Notes and Summary of Quantities
Sheet.

Piles are used when a deep foundation is necessary. This is the case when the soil near the surface
is unsuitable to carry the loads imposed by the structure. Piles are also used when the possibility
exists that the soil under the foundation may be washed away.

5.3.2 Bid Iltems

The following is an abbreviated list and brief description of the bid items related to pile
foundations. The entire list can be found in the Standard Specifications.

Test Pile:

There are some instances in which the length of pile cannot be determined accurately by means of
a soils boring or sounding. This is usually the case when friction pile or bearing pile is used where
the geologic formation is weathered. In these instances a test pile will be required. A test pile is a
single pile driven to determine the required length of the remaining pile for that foundation
element. The test pile location will be shown on the plans. Usually there will be one test pile per
bent location. These are ultimately used as production piles so the location tolerance is the same
as a production pile. If the production piles are to be pre-drilled then the test pile is pre-drilled to
the same depth.

With all the hammer information known, use the appropriate dynamic pile driving equation to
compute the blow count (average) for the specified driving load and 110% of this value. The
value for over driving the pile was 150% when Allowable Stress Design was used to determine
the soil and pile resistance. As the Geology Section has moved into the realm of Load and
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Resistance Factor Design, the limits have been reduced on overdriving the pile. The hammer
selected for the particular job should be rated to yield at least this value at the required resistance.
Required resistance is 1/4” per 5 blows as the average of the last 20 blows for power driven
hammers and the last 5 blows for gravity hammers.

After the pile penetrates the soft upper layers (about 6 feet) the blow count will be taken for
each twelve inches of penetration. Mark the pile in twelve inch intervals prior to placing the pile
in the leads and count the blows as the marks pass a fixed point. Record the average penetration in
decimal inches by dividing twelve inches by the number of blows between the marks.

Test Pile (Special):

The Test Pile (Special) bid item is used when the geology within an area has unpredictable
material properties. In such case the plans will direct the Contractor to notify the Engineer five
days prior to driving the test piles. The Engineer will contact the regional Geologist and the State
Bridge Office. They will mobilize the Pile Driving Analyzer (PDA) to be used on the project. This
equipment attaches to the pile as it is driven and measures the energy being supplied by the
driving equipment and the stress in the pile. The bearing capacity can be computed from this
information.

When the plans show the bid item Test Pile (Special), the information found in Form 217AA
(pictured below), located in the Forms Warehouse, must be supplied by the Contractor. The
Engineer will use this information in the Wave Equation Analysis Program (WEAP).

Notice to Contractors Pile and Driving Equipment Data

Pile and Driving Equipment Data Test Pile (Special], Section T4, tivssion 700, 2007 Standsed Speciications
Test Pile {Speciall, Section 704, Division 700, 2007 Standard Spedfications

PILE

HAMMER
COMPONENTS

L\ y
/'[\.E:
L1
LI 1]

Rt wian 10/ 7008 DO form 11744 Ruvision 1072008 DO Foem HTAA

Friction Pile PDA Procedures:
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Currently plan specified pile driving values include Design Load, Allowable Load, and the
General Note that specifies what “allowable” load to drive the pile to at each substructure
element. Friction Pile are typically driven in western Kansas since there are no thick bedrock
layers to seat a bearing pile into. From a practical standpoint it can be difficult to determine a
required pile length with current technology. This is why a PDA is used on these projects to
determine the length of pile required, the pile tip elevations, and various other values to allow
inspectors to complete the rest of the pile using the equations in the specifications.

The PDA equipment measures the exact value of resistance the pile is building during driving.
Current practice gives the geologist running the PDA equipment the authority to modify the
values specified in the contract documents to more accurately reflect the subterranean site
conditions. The chart below is a representation of what can happen on site during a PDA test pile
drive. The values for everything below the green line are only applicable to the geologist running
the PDA equipment. The inspector in the field is only given the specified load as stated in the
plans. After the PDA test drive is completed, the operator will often have new values for the
inspector to achieve for the remaining pile.

......Specified "Allowable" Load —_ Zaciare.
el \ 0a% \ine
_.-="" [ PDA
L Test Pile
g Drive
- o Value
(4o} s
(o] g
il P
= DESigl:l Load
=| DesignLoad — :
- " Unfactored Load Line

Blow count
The specified load located in the “Piling” General Note the inspector is instructed to drive to can
be over-ridden by the geologist running the PDA equipment. The PDA operator will drive to 2.25
times the Design Load stated in the plans. Once the PDA operator achieves that value, the
operator will back-calculate the equivalent pile load the inspector will need to calculate using the
pile driving equations. Other information the PDA operator will give to the inspector is the
approximate pile tip elevation, the blow count, average penetration, and the stroke height of the
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hammer. The pile driving will proceed using the new values the PDA equipment has

determined.Cut-Off and Splice:
Pile cut-off and pile splicing are paid for as a function of the bid price for piling per linear foot.

Cut-Off

The Contractor will have enough of the pile sticking out of the ground for the proper cut off
leaving a fresh heading and squared end. The penetration of the pile within an abutment or footing
is shown on the plans and is critical to the structural continuity. As a minimum, piling will be
encased in 2°-0” of concrete.

The cut off elevation (top of pile) will be called out in the plans and is a surveyed elevation. Do
not use the top of a piling as a reference elevation for other structural elements in the bridge. Set
elevations from a true vertical control element, i.e. a benchmark.

Using the correct pile driving formula, found in Section 704, to calculate the resistance of the pile,
and once sufficient resistance is achieved, driving should stop. Continuing to drive the pile to use
the ordered length, or the length in the leads may damage the pile. Any excess pile should be cut
off at the plan top of pile elevation. It is common to have 3’-0” of cut-off at each pile location.

Pick and Place

If the contractor chooses a method of securing the pile during the pick and place operations which
damages the pile, the contractor must remove the damaged portion of the pile at the contractor’s
cost before driving. For example, if the contractor burns a hole in the pile as a more secure
method to lift the pile into place, the contractor must remove the portion of the pile containing the
hole before driving the pile begins. The contractor is required to remove the compromise section
of pile to at least one inch below the hole. This cutoff is at the contractor’s cost and is considered
to be non-pay cutoff. As such, if the total cutoff made for the contractor’s convenience reduces the
supplied pile to less than the Ordered and Accepted pile length and an additional length of pile is
needed to achieve cutoff elevation, the necessary splice is a non-pay splice.

Splice

Splicing pile becomes necessary when the founding material is deeper than the designer expected,
when the founding material is beyond the reach of a single length of pile, or in the case of friction
pile, required resistance is not achieved with the length of pile driven. For long steel bridges with
integral abutments or for rigid frame structures (integral pile bent piers), it is desirable to have
spliced material at the bottom of the pile rather than have a splice near the bottom of the concrete
element supported by the pile. If it becomes apparent that several of the piles in an individual
structure (pile cap, abutment, etc.) are going to need to be spliced, it is best if the splices are made
before driving begins. The spliced end is then driven first. This way, the strength of the welded
section is only tested, axially, by driving and not tested in repeated bending by structure loading,
because the splice is located away from the end that will go through the most severe bending.
Standard details require locating the splice a minimum of ten feet below the bottom of abutments,
integral pile bent piers. Rare special cases may exist for some pile caps which will be determined
by the design engineer and designated by a general note in the design plans.
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Figure 1 Pile Splice Location Limits

The “Standard Pile Details” (BR110) sheet states splices will be located a minimum of ten feet
below the web wall concrete on piling for integral pile substructure elements. This requirement
keeps the splice away from the area of maximum bending. In general, the bottom of a concrete
web wall will be located two to six feet below the streambed. This note is not meant to exclude
splices from being located within the concrete web wall. If the splice is located within the wall, it
should be at least two feet above the bottom of concrete, as shown in Figure 1. In general, the
above figure shows where the contractor is not allowed to splice piling; the inspector needs to
verify this has not been overridden in the plan notes and/or substructure details for each project.
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SPLICES: Splices Tor steel piles and shell piling shall be in accordance with details shown on this
Sheef and the Standard Specifications.

For infegral pile bent abutments and piers, iT a pile splice is required, do not locate the pile splice within
a region extending £-0"above and 10°-0" below the botffom of the concrete web wall. For abutments, locate
the pile splice at least 10°-0" below the bottom of concrete.

With the approval of the Engineer, one splice per bent may be allowed in the region described above
without testing. If additional splices are anticipated, based on the geology, the Contfractor will add a
sufficient amount to the boffom of pile, prior fo driving, so that the splice is below the regions described

above in the complefed pile.

T For infegral pile bent abutments and piers, it a splice is located within the regions described above, then
the Contractor will test the welds by Radiograph (RT) test methods. Repair and retest any welds not passing
the test(s). Each weld Tested will have written confirmation of results. Report these results tfo the Engineer.
This work is not paid for directly, but is subsidiary to "Files".

4 4

A ] TR N Eal
%\ 0ty B BG

AN (I N |

24

- i
2 Cope regions
"o
2

SECTION THRU FLANGE
H-Pile Section RT—* Pipe Section
PILE SPLICE DETAILS

BG = Backgouge

Figure 2 Bridge Standard BR110 Pile Splice Details

The Standard Pile Details (BR110) detail shown in Figure 2 specifies requirements for pile splice
welds. One splice is allowed in the restricted region shown in Figure 1, or described in Figure 2,
to allow for inconsistencies in the geology across each substructure element. The first splice made
within the restricted region should indicate to the contractor the remaining pile should be spliced
before they are driven. Standard pile splices that will not fall within the restricted region will only
require the standard pile splice weld. However, the second splice, and any additional splices
falling within the restricted region in the same substructure element will require more verifiable
welding procedures and UT testing. The contractor may elect to excavate below the restricted
region, cutoff the pile in order to weld a section below the restricted region that will only require a

standard field splice.
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1

Cope in regions
decribed above

X

Black Flag: Field
operation.

Cope required on
additional splices
within restricted region
for testing purposes.

B>

“TRT 4

Begin with a backer
weld; back gouge (BG)
opposite side; finish
with groove weld.

Radiograph Weld
testing required on
additional splices
within restricted
region.

Step 1: Pile top is squared up after driving.

Step 2: Pile is prepared for weld procedures.
Web cope is prepared, as necessary.

Version 5/13
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Step 3: First backer welds are made on each
flange and on the web.

Step 4: Back gouge backer welds to remove
weld impurities.

Close up image of back gouge of backer weld.
Also shows plate prep for pile splices.

Step 5: Place remaining welds (multiple pass)
and remove slag/impurities between passes.

5.3.3. Types of Piles
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Figure 3 Pile Points

Steel Piles: Steel piles are generally rolled H-pile used in point bearing. H-pile are available in
many sizes, and are designated by the depth of the member and the weight per unit length. For
example, an HP 12X74 is an H-pile which is 12" deep and weighs 74 pounds per foot. H-piles are
well adapted to deep penetration and close spacing due to their relatively small point area and
small volume displacement. They can also be driven into dense soils, coarse gravel and soft rock
without damage. In some foundation materials, it may be necessary to provide pile points (Figure
2) to avoid damage to the pile. In some instances it may become necessary to increase the length
of H-Pile by welding two pieces together. If this is the case, splicing must be done in accordance
with KDOT specifications.

KDOT primarily utilizes Steel H-Pile. However, the following types of pile may be used on
bridges in Kansas.

Cast-in-place pipe pile: Cast-in-place pipe pile are considered as displacement (friction) type
pile. Closed-end pipe piles are formed by welding a watertight plate on the end to close the tip end
of the pile. The shell is driven into the foundation material to the required depth and then filled
with concrete. Thus both concrete and steel share in supporting the load. After the shell is driven
and before filling with concrete, the shell is inspected internally its full length to assure that
damage has not occurred during the driving operation. Pipe pile may be either spiral or
longitudinally welded or seamless steel. Pipe piles are normally used in foundation footings.
Their use for above ground pile bents is not recommended. Pipe pile are considered concrete pile
for bidding and on the Standard Pile sheet.

Timber Piles: Timber piles are used for comparatively light axial and lateral loads and where
conditions indicate they will not be damaged by driving. Timber piles are rarely used on
permanent bridge structures today, but they are used for temporary structures such as falsework
construction. Care shall be taken when driving falsework piling to avoid underground utilities.
For permanent installations, untreated timber pile is used below water line (pile will be
continually wet) and treated timber at all other locations. Untreated pile may be used on
temporary structures. Pile points for timber pile are unnecessary unless hard driving is
anticipated.

Concrete Piles: Concrete piles come in precast, prestressed, cast-in-place, or composite
construction form. Composite concrete piles are very rarely used in KDOT construction and
therefore are not discussed in this manual.
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* Precast piles: Precast piles are cast at a production
site and shipped to the project site. The Contractor
should take special care when moving these piles as
not to create tension cracks. The pickup points on
these piles should be as shown on the shop drawings.

* Prestressed Piles: Prestressed piles are produced in T 1
the same manner as a prestressed concrete beam. T .;
The advantage of prestressed piles is their ability to 15 3 '
handle large loads while maintaining a relatively l ]
small cross section. Also, a prestressed pile is less I_
likely to develop tension cracks during handling. 7.75
c _ : 9.75

* Cast-In-Place-Piles: Cast-in-place pressure grouted
piles are constructed by drilling with a continuous- 11.76
flight, hollow-shaft auger to the required depth. A 13.75

non-shrinking mortar is then injected, under

pressure, through the hollow shaft as the rotating SMAL-L PIPE lNS-ERT
auger is slowly withdrawn. A reinforcing steel cage Wt. = 585 Ib.

is placed in the shaft immediately after the auger is Figure 4 Pipe
withdrawn. When a shell or casing is used the contractor must make sure that the inside of the
casing is free of soil and debris before placing the concrete. This system is used when
hammer noise or vibration could be detrimental to adjacent footings or structures.

5.3.3.1 Basis of Acceptance (Materials)

Material for H-Pile and Steel Shells for Cast-in-Place Concrete Piles are covered by a Type A
certification. With approved certification, the field Engineer may accept the piling provided a
visual inspection shows that it meets dimensional requirements and that it can be identified with
the mill test report by means of heat lot numbers painted or stamped on each piece.

5.3.3.2 Pile Order Lengths

The length and type of pile required by plan is given in a box under the Summary of Quantities on
the General Notes and Quantities Sheet. The location and plan length for each pile is given on the
elevation view of the geology sheet. The Contractor will most likely provide slightly more pile
than required by the plans. This additional length is to account for any pile which is damaged
during driving.

KDOT’s geology section may require the ideal length of pile to be determined in the field by
driving one or more test piles. This will occur when the founding material is fractured, less
competent than anticipated or otherwise variable. The Field Engineer may require additional test
piles to be driven if sufficient information is not provided from the plan quantity and location for
test pile. Typically one test pile per bent is all that is needed. The Contractor will no longer be
required to wait to order pile until after the required test pile(s) are driven. The primary use of the
test pile is now to verify the subterranean geology (Log of Continuous Pile form), elevations and
soil types, which has been provided by the Geology section.
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5.3.4 Pile Driving Equipment

This section is governed by Section 151.30 of the Standard Specifications

Pile hammers are unique pieces of equipment. They serve two functions. One, they are tools used
by the Contractor to drive pile; two, they are measuring instruments used by the Engineer to
determine the bearing provided by the piles.

5.3.4.1 Pile Leads:

Pile leads are required for use with all hammer types except the vibratory and sonic power
hammers. The leads serve to contain the pile hammer and to direct its alignment, thus ensuring the
pile receives a concentric impact with each blow. They also provide a means for bracing long,
slender piles until they have been driven to sufficient penetration to develop their own support. It
is essential the leads be well constructed to provide free movement of the hammer. For drop
hammers, it is essential the leads be straight and true to prevent restrictions to free fall which
would reduce the energy delivered.

There are several types of leads: underhung leads (pinned to the tip of the crane boom): extended
4-way leads (like the underhung lead, but extending vertically above the top of the boom); and
swinging. Swinging leads are the most commonly found on Kansas bridge projects. There are
usually two stabilization points which provide stability to the bottom of the leads. The leads are
then held plumb or to the proper batter by a crane line. The leads are required to be long enough to
accommodate, at a minimum, the pile length plus the length of the hammer. It is generally good
practice to use a somewhat longer length as a contingency.

5.3.4.2 Pile Cap (Helmet):

Driving different types and shapes of pile requires different types and shapes of pile caps. For
standard H-pile or sheet pile, the specifications require grooves, or extended tabs, at the bottom of
the cap to hold the pile in alignment with the axis of the hammer. The grooves or tabs for driving
H-pile, or sheet pile, must be a minimum dimension of three inches. The cap required for driving
pipe pile must have an insert into the top of the pipe a minimum of six inches. The depths are
different because pipe pile are only manufactured using 36ksi steel, much weaker than the 50ksi
H-pile, and the six inch requirement offers additional alignment accuracy while driving. If a pipe
pile were misaligned and struck with the hammer causing damage at the top of the pipe, the
Contractor would have a very difficult time squaring the top of the pipe in the field.

Pipe pile inserts typically have several stepped cylinders to allow one cap to be used to drive
several sizes of pipe. The Pipe Pile detail in Figure 4, the insert would be acceptable to drive pipe
pile varying in size from a 14” diameter down to a 10” diameter pipe. In accordance with the
current specifications a minimum of 6" (2 stepped 3" cylinders) must be inside the pipe pile
during driving operations.

The weight of the helmet is not included in the weight of the striking part of the hammer (W). The
helmet weight is included in the cap or anvil weight calculation (X) in the appropriate pile driving
equation.

Version 5/13 KDOT Bridge Section
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5.3.4.3 Types of Hammers:

Drop hammer / Gravity hammer — This is the original pile driving hammer. It consists of a steel
ram that is guided within a set of leads. The hammer is raised to a certain height and allowed to
drop on top of the pile, thus producing the driving reaction. This type of hammer is most often
used for driving falsework pile, but sometimes it is used for driving production pile, especially
shorter piling. It has the disadvantage of slow operation and ram velocity. If a drop hammer is
used for production pile, it is generally necessary to provide a steel cap and shock block over the
pile during the driving.

For timber piles the hammer weight shall not be less than 2000 Ibs, and preferably not less than
3500 Ibs, and the drop will not exceed 12°. When the contractor wants to use a gravity hammer on
steel and concrete piling, the hammer must weigh at least 3500 Ibs and the drop still must not
exceed 12’. In no case will the hammer weigh less than the pile plus the cap. In addition, the
falling weight must move within a guide.

The energy provided by a drop hammer is simply calculated by multiplying the weight of the ram
by its vertical drop.

Single acting power driven hammer — Hammers of this type are basically power gravity
hammers. The difference between a gravity hammer and a single acting power hammer is that the
ram (striking part) is encased in a steel frame work and is raised by steam or compressed air rather
than by the crane load lines. The frequency of the blows is also considerably higher than a drop
hammer. The ram mass is usually greater than a drop hammer and the vertical travel is usually less
than that of a drop hammer. Any type of power hammer is usually more efficient than a drop
hammer because there is less time between blows for the soil to set up around the pile. A typical
hammer of this type utilizes a ram weight of 5000 Ibs with a 3 ft drop. It is adequate for most pile
less than 70 feet in length. The energy of this type of hammer is calculated exactly like the drop
hammer.

Double Acting Power Driven Hammer — The ram is raised by steam or compressed air, as in the
case of the single acting power hammer. When the ram approaches the top of its stroke a valve is
opened into a chamber at the top of the cylinder allowing high pressure air or steam into the
cylinder forcing the ram downward. Some double acting hammers utilize a light ram, operating at
a high frequency, to develop the energy blows comparable to those developed by heavier, slower
acting hammers. The advantage of the lighter ram hammer is that there is less time between blows
for soil to re-settle against the pile, thus increasing the driving efficiency and decreasing the drive
time. The energy is generally related to frequency and is obtained by referring to the
manufacturer’s specifications. The manufacturer's rating is a maximum rating and is probably
never obtained in the field. Therefore, KDOT specifications require a 20 percent reduction in
rated energy for bearing computation.

Diesel Power Driven Hammers — Single acting diesel hammers are probably the most common
type found on bridge projects in Kansas. They are simply a one cylinder diesel engine consisting
of a steel cylinder containing a ram and an anvil. The ram is raised initially by an outside power
source (crane) and dropped. As the ram drops, it activates a fuel pump, which injects fuel into a
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cup in the top of the anvil. The ram continues down blocking the exhaust ports and compressing
the air in the combustion chamber. A ball on the end of the ram, mating closely with the cup in the
anvil, forces the fuel into the hot compressed air between the ram and the anvil. The fuel then
explodes forcing the ram up and forcing the anvil, and in turn, the pile down. Three common
diesel hammers are: Delmag, M.K.T. and Link Belt. The Delmag and M.K.T. are single acting
hammers, operating as described above. Link Belt hammers are double acting. Double acting
hammers operate in the same way as a single acting hammer except that there is a chamber at the
top of the cylinder which provides a cushion of air which is compressed as the ram moves
upward. As the ram reaches the top of its stroke the pressure in the chamber provides force in
addition to gravity to the ram for the downward stroke. The most noticeable difference between a
single acting hammer and a double acting hammer is the frequency of the blows. The double
acting hammer will operate at about twice the frequency of the single acting.

Upper cylinder
extension
Lifting ear
Bracket for starter
guide tubes

Fuel, lube oil, and

Starting device

ether tanks
Guide gib for
tripping device
Impact weight Lubrication pump
(piston)

Fuel injection pump
Guide jaw for

Diesel pile hammer

Exhaust port Pump protector

Guide jaw for
Diesel pile hammer

Impact block

Striker plate
Pile helmet

Guiding for
Pile helmet

Pile
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Vibratory and Sonic Power Driven Hammers — These are the most recent developments in pile
hammer technology. They are comparatively heavy, requiring handling equipment of greater
capacity than required for conventional pile hammers. The Vibratory Hammer vibrates the pile at
frequencies and amplitudes which tend to break the bond between the pile surface and the
adjacent soils, thus delivering more of the developed energy to the tip of the pile. The Sonic
Hammer operates at a higher frequency than the vibratory hammer, usually 80 to 150 cycles per
second. At this frequency, the pile changes minutely in cross sectional dimension and length with
each cycle, thus enlarging the cavity then elongating the pile. The matter of determining the pile
bearing values for these hammers is a problem. Often the vibratory hammer is used to position the
pile to plan tip elevation, then a diesel hammer is used to drive the pile to plan bearing.

S = i e | | R

1. Raising the piston (starting). For starting the diesel hammer, the piston (ram) is raised by means
of a mechanical tripping device and is automatically released at a given height.

2. Injection of diesel fuel and compression. As the piston falls through the cylinders, it activates
a lever on the back of the fuel pump, which injects a measured amount of diesel fuel on to the top
of the impact block. Shortly after this, the exhaust ports are closed.

3. Impact and atomization. Compressing all the air /fuel between the exhaust ports and the top
of the impact block, the piston continues falling until it strikes the top of the impact block. The
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heat generated by the compression of air, in the presence of atomized fuel, causes the explosion of
the fuel, throwing the piston upward and forcing the impact block downward against the pile.

4. Exhaust. While moving upwards, the piston will pass and open the exhaust ports. Exhaust
gases will escape and the pressure in the cylinder will equalize.

5. Scavenging. The piston continues its upward momentum, which draws in fresh air for the next
cycle, cools the cylinders, and releases the pump lever. The pump lever returns to its starting
position, so that the pump will again be charged with fuel. Gravity stops the upward motion of the
piston and it starts falling through the cylinders once again.

5.3.4.4 Power for Hammers:

Except for self-contained power source hammers, such as diesels, vibratory and sonic hammers,
an outside power source is required for power-driven hammers. Years ago, steam was the primary
outside power source, but currently air compressors are the most common source of power.
Regardless of source, adequate power must be supplied if hammers are to function properly.
Insufficient power will result in a hammer that operates at something less than specified stroke or
frequency.

5.3.4.5 Diesel Hammer Terminology:

Energy Range:

The potential energy for single acting hammer is the product of ram weight and stroke; whereas,
for double acting hammers, the force resulting from "bounce chamber pressure” is added to the
gravitational component. Some manufacturers may include the effects of the explosive force to
the hammer potential energy.

For inclined pile driving, only the vertical component of the stroke should be used in computing
hammer potential energy.

Example: Energy is 75,230 ft-Ibs, batter is 3:12.
Energy Vertical Component = 75,230 * =70,073

Model:

This is the model name designation given by the manufacturer to each hammer. Usually, it
provides some description of the hammer (e.g., Delmag D30 hammer has a ram weight of 6600
Ibs).

Manufacturer:
The name of the manufacturing company.

Type:

Single acting hammers are open ended at the top while double acting hammers are closed ended.
Single acting hammers allow the ram to travel outside the cylinder which makes it visible for
inspection of the stroke. Double acting hammers utilize a bounce chamber for increasing the
hammer rate of operation. The ram is not visible in a double acting hammer.
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Blows per Minute:

Number of strokes per minute. For single acting hammers, the rate can be empirically correlated
to the stroke. The hammer rate depends on many factors including but not limited to, the hammer,
the type and length of pile, as well as soil conditions. The height of the stroke of a single acting

diesel hammer can be computed from the following equation: H = 0.04 * t2. Where H is the height
of the stroke in ft., and t is the length of time in seconds to record 10 strokes.

Weight of Striking Part:

This is the weight of the part of the hammer that actually impacts the pile. This is commonly
known as the “ram or piston”. Hammer rated energy and general effectiveness is a direct function
of the weight of its striking part. In some cases, this weight is indicated as part of the hammer
model designation.

Total Weight:
This is the total weight of the hammer. This value is important in sizing the crane, transportation
requirements and other aspects involving the hammer.

Hammer Length:
This is the total length of the hammer in its normal operating configuration. This excludes any
accessories which may be present between the hammer and the pile head.

Maximum Stroke:

Maximum attainable stroke. VValues obtained under favorable controlled conditions. Strokes under
common field conditions vary depending on hammer mechanical condition, cushion and pile
elastic effects, soil resistance and general hammer-cushion-pile-soil dynamic compatibility.

Jaw Dimensions:
Dimensions of the hammer guides which interface with the leads. All diesel hammers have
“female” type jaws and most have provisions for changeable guides.

Fuel Consumption:

This is the amount of fuel (diesel) per hour that a hammer might consume. Actual amount is
subject to operating variations. For proper hammer function, the appropriate type of fuel must be
used.

Ram (Piston):
This is the internal mass that moves up and down in the cylinder. The ram masses for different
hammers are given in the appendix at the end of this chapter.

Helmets (driving caps or anvil blocks) for steel piling:
These are provided for use with standard bases when driving sheet pile or H-pile. The upper ring
is filled with a cushion material.

Cushion Material:
Cushions soften the sharp blow of the hammer and distribute the load evenly.
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Follower:
Followers are placed between the top of the pile and the hammer when it is necessary to drive the
head of pile below the reach of the hammer. Using followers introduces an additional uncertainty
to the dynamic pile equations. Followers should not be used without permission from the District
Engineer.

5.3.5 KDOT Specifications for Hammer Sizes:
Section 151.30

(a) Hammers for Timber Piles.

Gravity hammers for driving timber piles shall have a mass not less than 2,000 Ibs and preferably
not less than 3,500 Ibs. The fall shall be so regulated as to avoid injury to the piles, and in no case
shall exceed 12 feet. When a steam or diesel hammer is used the total energy developed by the
hammer shall be not less than 6,000 foot-pounds per blow.

(b) Hammers for Steel Piles, Steel Sheet Piles, and Shells for Cast-in-Place Concrete Piles.
Gravity hammers for driving steel piles, steel sheet piles and shell piles shall have a mass not less
than 3,500 Ibs. In no case shall the gravity hammer weigh less than the pile being driven plus the
weight of the driving cap. All gravity hammers shall be equipped with hammer guides to ensure
concentric impact on the drive head or pile cushion. The fall shall be so regulated as to avoid
injury to the piles and in no case shall exceed 12 feet. Steam hammers or diesel hammers for
driving steel piles, steel sheet piles, and shells for cast-in-place concrete piles shall be of such size
that the rated gross energy of the hammer in foot-pounds shall be not less than 2% times the
weight of the pile in pounds. In no case shall the hammer develop less than 6,000 foot-pounds per
blow.

Contractor certified weights may be used for the weight of gravity hammers.

(c) Hammers for Prestressed Concrete Piles.

Unless otherwise provided, prestressed concrete piles shall be driven with a diesel, steam or air
hammer which shall develop an energy per blow at each full stroke of the piston of not less than
one foot-pound for each pound of weight driven. In no case shall the energy developed by the
hammer be less than 6,000 foot-pounds per blow.

(d) Vibratory Hammers.

Vibratory hammers may be used only when specifically allowed by the Contract documents or in
writing by the Engineer. Vibratory hammers, if permitted, should preferably be used in
combination with pile load testing and re-tapping with an impact hammer. In addition, one of
every ten piles driven with a vibratory hammer shall be re-tapped with an impact hammer of
suitable energy to verify that acceptable load capacity was achieved.

(e) Hammer Cushion.

All impact pile driving equipment except gravity hammers shall be equipped with a suitable
thickness of hammer cushion material to prevent damage to the hammer or pile and to insure
uniform driving behavior. Hammer cushions shall be made of durable, manufactured material,
which will retain uniform properties during driving. Except for use with a gravity hammer, all
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wood, wire rope, and asbestos hammer cushions are specifically disallowed and shall not be
used. A striking plate shall be placed on the hammer cushion to insure uniform compression of
the cushion material. The hammer cushion shall be inspected in the presence of the Engineer
when beginning pile driving at each substructure element or after each 100 hours of pile driving,
whichever is less. Whenever there is a reduction of hammer cushion thickness exceeding 25
percent of the original thickness, the hammer cushion shall be replaced by the Contractor before
driving is permitted to continue.

The following are acceptable types of hammer cushion material. If the contractor proposes a
material type that is not included in this list, contact the Bureau of Materials and Research.

Micarta (Conbest) — This is an electrical insulating material composed of fabric and phenol. It
must be replaced when it begins to disintegrate or when it delaminates into various layers.

Nylon (Blue or other colors) — This material comes in 2" thick blocks. Occasional vertical
cracking is not detrimental. However, after the cushion develops horizontal cracks, it should be
replaced.

Hamortex — This material consists of metallized paper reels. It has good engineering properties
but needs attention as it may compress or disintegrate.

Force 10, Forbon, and Fosterlon — These materials are provided by manufacturers of pile
driving equipment.

Aluminum — Aluminum is often used to separate layers of softer cushioning material. The
aluminum does no cushioning itself; however, it is thought to extract the heat from the cushion
stack. Once the aluminum is deformed or broken, it should be replaced.

NOTE: Wood (plywood or hardwood) will probably remain the most common type of material
used as a pile cushion for gravity hammers.

5.3.6 Pile Driving Mechanics:

The length of stroke or fall of the hammer ram is a factor that influences the energy delivered by
the hammer. As mentioned above, for a single-acting hammer,

Energy = (weight of ram) X (height of fall)

The weight of the ram is an important factor, since a heavy-ram impact hammer working on a
short stroke is more effective in driving a pile than a light-ram long-stroke hammer. The weight of
the ram, the length and speed of the stroke, and their relation to the weight of the pile is important
to the proper driving of the pile. In theory, a pile can be of such a length that all the energy, which
it receives from a hammer blow, is absorbed into its mass. Under these circumstances, a blow of
the hammer will not advance the point of the pile. To appreciate this statement, it is necessary to
understand what happens when the hammer hits the pile.
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A hammer blow causes the pile to compress and rebound. This compression and rebound travels
through the pile from the head down to the tip in the form of a wave, thus driving the pile into the
ground. As the wave travels through the pile, energy is lost. In a short pile, this effect is negligible
and can be disregarded. In a long pile, the energy losses due to the temporary compression of the
pile can be considerable. Using an undersized hammer results in a driving resistance which is
higher than the actual resistance, and thus a lower bearing capacity. For this reason, it is
absolutely necessary that heavy-ram hammers be used in the driving of long piles.

The size of the ram should be gauged for the work that has to be done. A heavy-ram slow-acting
hammer is more effective than a light-ram fast-acting hammer in driving a pile of a given weight,
even though the two hammers may have the same rated energy per blow. The heavier-ram
hammer will drive the pile deeper with each blow and will produce a more accurate bearing value
than the equally rated lighter-ram hammer. As a general rule, pile driving should employ the
heaviest-ram hammer that will not damage the pile. If the ram weight exceeds twice the pile
weight, the pile material should be checked for resistance to impact.

5.3.6.1 Reviewing the Information on the Plans:

Type of pile: Called out on the General Notes Sheet in a box under the Summary of Quantities
(example: Use only HP10x42). This designation identifies the pile to be used as an H-Pile, with
10 indicating the long dimension of the web is 10 inches, and the pile has a weight of 42 pounds
per linear foot.

Pile Length: Called out on the General Notes Sheet, Construction Layout and Geology Sheet
(example: 9 @ 40°-07). This notifies the inspector there should be 9 pile at least 40 feet long used
in the substructure element.

Pile Location: Geology Sheet Plan View
Pile Orientation: This locates the direction of the web (example: strong axis or weak axis)

Pile Batter: This is the slope of the pile as driven (example: 3/12 = 3” horizontal per 12”
vertical.). Unless shown otherwise on the plans, pile shall be driven plumb.

Design Pile Load: This is the load the bridge designer and checker agreed upon based on all
combination of live load, dead load, wind, water etc.

Allowable Pile Load: Found in the general notes, this is the minimum required driving resistance
to be accepted by the Engineer. The maximum driving resistance allowed will also be shown
within this note.

Depth of Pile: The General Notes Sheet will include a note directing the Contractor to drive the
pile to penetrate or bear upon a specified formation. Or, the note will direct the contractor to drive
to a specified depth and resistance. The Geology sheets will show the formations and their
approximate elevations

The tip elevation is not called out explicitly, but may be estimated from the top of pile elevation
and the length of pile specified on the geology sheet.
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Pre-Drill: The bid item “Pre-Drilled Pile Holes” will appear in the Summary of Quantities and
the depth of pre-drill will be in the general notes.

Cut-off elevation (top of pile): This elevation is shown on the Construction Layout in the profile
view. This locates the top of the pile within the pile cap, abutment or pile bent. Usually, the
embedment is between 2 feet to 3 feet in an abutment; one foot (1'-0”) in a footing.

5.3.6.2 Preparing to Drive Pile

The inspector should check to see if the Contractor’s choice of hammer will provide enough
energy to drive the pile to bearing. To do this the inspector needs the hammer specifications. For
steel pile to achieve bearing, assume required resistance to be reached at 10 blows per inch. Use
this number when checking the adequacy of the hammer. Here is an example of checking the
Contractor’s hammer.

Example:

Given: Diesel Hammer Delmag D12
1 inch per 10 blows, therefore S = 0.1 in./blow
(Assumption based on previous experience)
From Pile Hammer Specifications:
Piston weight = W = 2750 Ibs
Max Height of fall = H = 8.17 ft
Weight of pile cap and/or anvil = 2690 Lbs.
(Contractor provides this information)

Weight of Pile (HP10x42, length=40 ft.) = (42 lbs/ft.)(40 ft.) = 1680 Ibs.
X = Weight of Pile + Weight of pile cap and/or anvil = 4370 Ibs.
P = bearing load = 112,000 Ibs (according to general notes in plans)

Analysis: P a0 W Delmag hammer equation, Division 700, Section 704

(s +0.1 (%)]

Note: the quantity (X/W) shall not be taken less than 1.0.
X/W = 4370/2750 = 1.589
P must be at least 112,000 Ibs. and not greater than 110% (2009 General Notes
Revision) of 112,000 Ibs.

P =(1.6(2750)(8.17))/(0.1+0.1(1.589)) = 138,849 Ibs.
112,000 < 123200 < 138,849 Hammer is O.K.
Use caution as the hammer is capable of overdriving the pile.

The Contractor’s hammer has been checked. The Engineer should now calculate the actual
average penetration per blow for the last 20 blows of the hammer. Below is an example.
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Given:  Solve the equation for S given the previous information.

Analysis: P=( 1-6W(H ))
s+0.11&

Rearrange and solve the equation for S: S = (1‘6?&) -0.1 %)

Note: the quantity (X/W) shall not be taken less than 1.0.
XIW = 4370/2750 = 1.589

S =(1.6(2750)(8.17))/112,000) - 0.1(1.589))

S =0.16 in/blow

So, for the last 20 blows the pile should move (0.16/blow)(20 blows) = 3.2 in.

If the pile is driven further than 3.2 inches for the last 20 blows then the pile is NOT to
bearing yet, and driving must continue.

An important note to remember, the Contractor is not allowed to modify his hammer in the field
by making the fall height greater in order to achieve more energy. If the Engineer finds the
hammer is inadequate the Contractor must use a heavier hammer.

The Engineer should mark the pile which is to be continuously logged every 12 inches.
Continuous logging will be discussed later in this section.

5.3.6.3 During the Drive
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Figure 5 Plumbing an H-Pile

After the Contractor has the pile “stabbed” and is preparing to drive the pile, make sure the pile is
plumb, or battered as shown on the plans (see the photo above). The Standard Specifications
require that piles be driven within 1/4 inch per foot of length to the vertical or battered lines
indicated on the plans, except that foundation piles more than 3.5 feet long or any piles used in
bents shall be driven to within 1/8 inch per foot of length to the vertical or battered lines indicated
on the plans. Orient the pile as shown in the plan sheets. Effective for letting from July 2013, a
maximum rotation of 10 degrees from plan orientation of the pile is allowed by specifications.
The maximum variation on the head of the pile after driving from the position shown on the plans
shall be 2" for piles used in bents and 6" for other foundation piles. Bents are rows of pile, for
instance in a pier, or an abutment. Misaligned piles shall not be forced into position. It is for this
reason that it is so important to position the pile and leads correctly at the beginning of driving
operations.

The rotation of a pile can be measured easily by use of a string line. The string line should be
placed over the center line or offset parallel to the center line of the foundation being built.
Measure the distance from the string line to the two flange tips of each individual pile; for each
individual pile subtract the smaller measured distance from the larger measured distance of the
flange tips to the string line. The subtraction of the smaller from the larger distance of the flange
tip to string line measurement establishes the difference. Once the difference has been calculated
for each pile acceptance or rejection of the pile maybe established by looking in the table below. If
the difference you have calculated for any pile in the foundation is greater than the maximum
allowable difference in the table, that pile is not acceptable and can be rejected. The contractor
will then have to propose a solution that is acceptable to the field engineer and the State Bridge
Office. (Figure 6 demonstrates the use of a string line for making measurements in the field.)
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Figure 6 Measuring Rotation of a Pile

|::£
Weak Axis Orientation -—-—[7[
A & Offset
E| b
ri Vi —
Pile Depth Maximum Allowable
Size (inches) Difference (a-b) (inches)
HP 14x117 14.2 2 7/16
HP 14x102 14 2 7/16
HP 14x89 13.8 23/8
HP 14x73 13.6 23/8
HP 12x84 12.3 21/8
HP 12x74 12.1 21/8
HP 12x63 11.9 2 1/16
HP 12x53 11.8 2 1/16
HP 10x57 9.99 13/4
HP 10x42 9.7 111/16
HP 8x36 8.02 13/8
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Table 1 for Rotated Pile

[
Strong Axis Orientation "_'_'_'1
,Fm Offset
7 - 7
Pile Flange Width Maximum Allowable
Size (inches) Difference (a-b) (inches)
HP 14x117 14.9 2 9/16
HP 14x102 14.8 2 9/16
HP 14x89 14.7 2 9/16
HP 14x73 14.6 2 9/16
HP 12x384 12.3 21/8
HP 12x74 12.2 21/8
HP 12x63 12.1 21/8
HP 12x53 12 2 1/16
HP 10x57 10.2 13/4
HP 10x42 10.1 13/4
HP 8x36 8.15 1 7/16

Table 2 for Rotated Pile

Plumbing the leads prior to driving:

If the pile is to be continuously logged the Engineer must log the number of blows per 1 foot of
penetration. There are two ways to keep track of the continuous log of driving. The Engineer can
observe the 1 foot marks painted on the pile as they are driven below ground, and count how
many blows are required to drive the pile from one mark to the next. It is important that the
Engineer stand in the same place during the entire drive as to keep the same perspective on the
pile marks as they enter the ground.
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The second way of keeping track of continuous log of driving is to use a theodolite. The Engineer
should set the cross-hairs of the instrument close to the ground level. The Engineer observes
through the instrument as driving proceeds and counts the number of blows between the marks on
the pile as described above. As the pile nears the plan formation or plan length, the Engineer must
monitor the items required to calculate bearing; namely, the average penetration “S” for the last
20 blows (5 for gravity hammers), the length of stroke for single acting hammers and bounce
chamber pressure for double acting hammers.

"S" is calculated as follows: A four foot level or straight edge is leaned against the pile during
driving, and the pile is marked at the top of the level or straight edge. Then the level is moved
away while keeping the bottom end in position. After 20 blows the level is leaned back against the
pile and the pile is marked again. The distance between the marks is measured and then divided
by the number of blows to give the average penetration per blow.

Figure 10 Continue Driving Until
Bearing

P T

Figure 9 Measure Displacement

The length of stroke for a single acting hammer can be monitored two different ways. The
simplest way is to visually note the top of the hammer at the top of the stroke in relation to some
premeasured reference. The reference is usually a 2x4 attached to the hammer and marked in
relation to the top of the hammer at rest. Another way is to compute the theoretical stroke length
based on the time required for a number of blows. This will only work on a warmed up hammer
hitting with a consistent rhythm. The length of stroke can be calculated from the following
equation:
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H = 0.04 x t> Where H is in feet and t is the length of time in seconds to record 10 blows

When the length of stroke / height of fall is known and an average penetration is known, these
values are used to compute a bearing resistance as in the example above.

Some time can be saved by programming a calculator so the average penetration and stroke length
are input and the bearing resistance is calculated. Once the required bearing is achieved, the
Engineer approves the pile and the Contractor may move on to the next pile in the group.

5.3.7 Pile Restrike

Drive end-bearing pile, such as HP10x42, until they reach the penetration and bearing value
shown on the plans. During driving, the pile will essentially stop penetrating. Driving will stop
when the resistance calculated by the pile driving formula is between 100% and 110% of the
allowable pile load shown on the plans. If 110% of the resistance calculated using the correct pile
driving formula is reached before the plan penetration occurs by two feet or more, contact the
regional geologist

Drive friction piles, such as concrete-filled pipe piles and sometimes H-pile, until they attain the
resistance shown on the plans. Resistance is built up gradually as the pile is driven, and the
additional depth that each hammer blow drives the pile is fairly uniform. For example, over 10
hammer blows, the pile may be driven 3 inches per blow, 30 inches for those 10 blows. If 110%
(2009 General Notes Revision) of the resistance calculated using the correct pile driving formula
is reached before the plan tip elevation occurs by two feet or more contact the regional geologist.

There are cases where friction piling will not achieve adequate resistance near the formation or
driven length specified in the plans, and splicing would be needed to meet the capacity
requirements. Rather than splicing additional pile length in these cases, it is possible to let the soil
set-up for at least 24 hours. Striking the piling with a warmed up hammer after this 24 hour period
may show improved driving resistance. This procedure is called “restrike”. Using a “restrike” test
may save considerable pile length. When planning a restrike procedure, contact the regional
geology office to see if a PDA is necessary to monitor the pile during driving.

The restrike procedure cannot be used in all pile driving situations. Depending on soil conditions,
performing the restrike procedure may not lead to enough of a gain in driving resistance to
prevent the need for splicing and further driving. In some soils, relaxation can occur, which would
lead to a loss in driving resistance, although this is rare in Kansas. Using restrike on friction piling
in a potential scour area requires weighing many factors. Do not use restrike to reach penetration
before the plan length has been driven. The length of pile below a scour line must be sufficient to
support the structure if the material above the scour line is lost. Contact the regional geology
office and State Bridge Office before using restrike.

The term “test pile” in the following procedure may refer to a production pile or the “Test Pile”
and “Test Pile (Special)” bid items discussed in Section 5.3.2. The restrike procedure is as
follows:
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* All but the test pile are driven to within two feet of the plan elevation. It is recommended that
the test pile be an exterior pile. All pile driving on the test pile bent should cease a minimum
of 24 hours prior to the test or as directed by the regional geologist.

* If a PDA is used, drive the test pile to within 6” to 7° of the plan elevation in order to allow
room for the PDA attachments.
» All of the piling should be allowed to sit undisturbed for at least 24 hours.

* Prior to starting the restrike procedure, warm the hammer up to operating temperature at a
location as far away from the pile group as practical, such as on a dummy block, a different
pile bent, or an opposing exterior pile. Do not warm-up the hammer on a pile in the bent to be
tested, without the approval of the regional geologist.

* The test pile is then immediately restruck with the warmed-up hammer for 30 blows or until
the piles penetrate an additional 4”, whichever comes first.

The bearing capacity is computed based on the penetration of the first 5 to 10 blows. The
penetration used in the bearing formula is the penetration for 5 blows multiplied by 4, or the
penetration for 10 blows multiplied by 2. It is important that the first 5 to 10 blows are used to
calculate the bearing capacity; because, by the time 20-30 blows are reached, the soil has been
disturbed and set-up is negated. The resistance is then essentially the same as before the restrike.

If the first 5 to 10 blows indicate that the bearing resistance has been reached, no further driving is
necessary for the test pile and the remaining pile in the bent can be driven to the pile tip elevation
determined from the test results or as directed by the regional geologist. If the bearing resistance
has not been reached, driving should resume, which may require additional pile length. If the
calculated bearing capacity is within 5% of the required bearing capacity, the piling must again be
left undisturbed for an additional 24 hours before the restrike procedure can be performed again.

It is important that all pile restrikes be performed with a hammer that is warmed-up and operating
efficiently before being used to restrike the test pile. Equally important is that no driving is done
near the test pile during the set-up period, which would disturb the surrounding soil and negate the
test results.

Payment for the piling installed will depend on the bid items. The restrike procedure may be
initiated by the Contractor or by the Engineer. The regional geology office’s recommendation to
proceed is required. The restrike procedure is an option to meet the design intent and no additional
payment is made for the procedure. Payment is for in-place piling as per specification.

If the “Test Pile (Special)” item is on the plans, the piling recommendations must come from the
PDA results.

Hammer Performance
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Hammer performance is important in determining bearing resistance in that, if the hammer is not
performing properly the bearing resistance can not be computed accurately. Following are some
possible problems and indicators of those problems.

Pre-ignition means that the fuel combusts before impact occurs. Thus, pre-ignition reduces the
ram impact velocity and cushions the impact. When a hammer pre-ignites, the full ram energy is
not transmitted to the pile, but rather returned to the ram, causing the stroke to be very high. The
low energy in the pile results in a high blow count. Pre-ignition, therefore, has all the symptoms of
a hard driving condition at a potentially low soil resistance. Overheated hammers often pre-ignites
after long periods of hard driving when lubrication oil starts to burn or fuel vaporizes prematurely
due to heat.

The following are signs of pre-ignition in hard driving:
* Black smoke while strokes are high.
 Flames in exhaust ports.
* Blistering paint (due to excessive heat).
* No obvious metal to metal impact sound.

If pre-ignition is suspected, then the hammer should be stopped, allowed to cool down for an
hour, and then restarted. Stroke and blow count should then be accurately monitored. If both
stroke and blow counts are lower during the first two minutes after the resumption of driving, then
proof exists of a pre-ignition condition before the cooling period was established.

Most atomized fuel injection hammers have some design pre-ignition. The fuel usually starts to
burn when the ram is a small distance above the impact block. If the ram descends slowly, the
pressure has more time to act on the ram than in the case of a high stroke, when the ram reaches
the impact block within a short time. Thus, in hard driving, with high strokes and, therefore, high
ram velocities, “design pre-ignition” is of little consequence.

Water in the fuel will cause the exhaust to be white and the impact of the hammer will sound
hollow.

Clogged fuel lines will cause little or no exhaust smoke.

A malfunctioning fuel pump is indicated by inconsistent ram strokes and gray or black
exhaust smoke.

A malfunctioning fuel injector is indicated by inconsistent ram strokes and gray or black
exhaust smoke.

Low lubricating oil is indicated by lower than normal blows per minute.
A malfunctioning oil pump is indicated by lower than normal blows per minute.

Water in the combustion chamber is indicated by white exhaust smoke and hollow sounding
impacts.
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Worn piston rings are indicated by short strokes. When the pile is near the required
resistance the hammer stroke should be near the maximum published height.

Overheating is indicated as above in the pre-ignition section.

5.3.8 Log of Pile Driving
Log of Continuous Pile Driving:

A Continuous Pile Driving Record should be recorded for a representative pile on each abutment
and pier footing on a structure. The record should be inclusive from the beginning of the drive to
the final bearing of the pile. For structures under 755 feet in length, the above information will be
required on two footings only. One of the piles should be in an abutment footing and the other in a
pier footing near the opposite end of the structure. If the structure has no piling in the pier
footings, then the record should be made for a pile in each abutment footing.

For structures over 755 feet in length, the continuous record stipulated above will be required on
three footings, one on an abutment and two on pier footings. If the piers have no piling then the
information will be recorded on one pile from each abutment.

The log of Continuous Pile Driving records are the same as records obtained for structures that
have the bid item of test piles, and will, therefore, not need to be recorded in cases where
structures include the bid item of test piles.

The State bridge Office plots the pile driving log on the Geology Sheet of the as-built plans for
historical purposes.

FORM 217 - LOG OF PILE DRIVING
The form shown below can be found in the KDOT forms warehouse:
(English Version):_http://www.ksdot.org/burdesign/bridge/constructionmanual/217us.xls

1.FORM POLICY: Complete and submit this report as soon as all piling is driven in an
abutment or pier. Also, complete and submit this report for all test piling immediately after
driving each test pile.

2.PREPARING REPORT:
A.General Information:
1. “Type of Hammer” — Enter the brand and model of the hammer used.
2. “Hammer Weight” — Enter the weight of the striking part of the hammer (i.e. piston or

ram) as denoted on the specification plate on the hammer or in Figure IV-1 of the
Construction Manual (4.03.08).
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3. “Cap and/or Anvil Weight” - Enter the weight of any cap and/or anvil to be used while
driving pile.

4. “Energy Rating (ft-1bs)” - Enter the energy rating as denoted on the specifications plate on
the hammer, or in Figure 1V-1 of the Construction Manual (4.03.08). Also, note the 80%
factor in the Standard Specifications (704.04(g)).

5. “County” and “Project” — Enter the name of the county. Enter the project number, if
available.

6. “Br. No. and/or Sta.” - Enter the bridge number of the structure for which the piling was
driven. Also, enter the station for the structure, not the station for the pier or abutment
where the pile was driven. For city or county structures that don’t have a bridge number,
the station of the structure is sufficient.

7. “Type of Pile” — Enter the entire bid item name for the type of piling used. Examples:
PILE (STEEL) (HP10X42), TEST PILE (STEEL) (HP12X57), PILE (PRESTRESSED
CONCRETE) (12 in.) or TEST PILE (SPECIAL) (HP10X42).

8. “Plan Note Overdrive %” — A drop down menu will allow the user to select 110 or 150 to
determine the maximum resistance allowed based upon the “Piling” note within the
General Notes for the project.

9. “Min. Resistance Required” - Enter minimum required bearing as specified under the
“Piling” note on the plans. This is not to be confused with the bearings listed under the
Design Data.

10. “Max. Resistance Allowed” - The maximum bearing is now calculated based upon the
value listed under the “Piling” note on the plans. This value is now based upon This is not
to be confused with the bearings listed under the Design Data.

After filling out the General Information sheet, select the tab associated with the hammer to be
used to drive the pile. “Gravity (Steel),” “Air-Steam (Single),” “Air-Steam (Double),” “Delmag &
McKierman — Terry,” “Link-Belt” tabs are the hammer types available. Many comments are
available all across the new form, and can be read by placing the cursor over the cell with the red
triangle in the upper right corner of the cell.

1. “Abutment” or “Pier” - Enter the number, taken directly from the design plans, for the
abutment or pier where the pile will be driven.

2. “Number, Individual Length, and Total Length of Pile” — Enter the total number of pile in
the substructure unit (abutment beam, pier footing, pier bent, etc.), then enter an “@”
symbol, the total length of one pile, and the sum of all pile in the unit. (8 @ 45 = 360 ft.)

3. “Plan Cutoff Elev. (ft.)” — Enter the Top of Pile elevation given on the plans for the
substructure unit.

4. “Wt. per foot piling (Ibs/ft)” — This data can be found in different locations for different
types of pile.

a.For H-pile, physical properties are in the name. Such as with HP12X53, the 12
represents the long dimension of the web in inches, and the 53 represents the
weight per linear foot.

b.For steel shell pile, the weight per meter can be found on mill test/lading ticket from
the supplier. If that information is not available, some physical properties for steel
shell pile are shown in Table 1 at the back of this document.
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c.For pre-stressed concrete pile, if the weight per foot is not given on the test report,

the inspector can use a density of 1501bs/ft® to calculate a theoretical weight per
foot:

i.12 inches square — 150 Ibs/ft3
ii.14 inches square — 204 Ibs/ft3

iii.16 inches octagonal — 220 Ibs/ft3
5. “Type of Cushion Mat’l” — Plywood, oak, whatever material will be used to protect the top
of the pile.
6. “Footing Sketch” — Draw a sketch of the footing with piles numbered to represent the
numbers listed in the “Pile No.” column of this form. The north arrow must be shown.

B. Driving Information: Measure and report piling length to the nearest one-hundredth of a foot
(i.e. 0.01 ft.). Report all elevations to the nearest one-hundredth of a foot (i.e. 0.01 ft.).

1. “Pile No.” — Represents the as labeled in the footing sketch.

1. “Varied Plan Cutoff Elev.” is used if the substructure element is super-elevated and each
pile has a distinct pile cutoff elevation. Enter the elevation listed on the plans for each pile
so the “Pile Tip Elev.” field calculates correctly.

2. “Actual Length in Leads” — This is the length of pile the Contractor opts to use. This
length is used to calculate the weight of the pile for use in the bearing formula, and the
length can change as driving operations progress:

‘When driving operations first start, the “Actual Length Placed in Leads” is equal to
length of pile placed in the leads. If bearing is not achieved and a splice is required,
the new value for “Actual Length Placed in Leads” is equal to the original length
placed in the leads, plus the length of pile spliced on to it.

-1f bearing is achieved prior to splicing the pile and the splice is made solely to achieve
plan cutoff elevation, the “Length Placed in Leads” will increase by the amount
spliced onto the pile to achieve plan cutoff elevation, and “Ordered and Accepted”
will equal the “Length Placed in Leads.” In no case should the “Actual Length in
Leads” be less than the “Length Left in Footing” cell.

3. “Ordered and Accepted” — Typically this is the length of pile the Engineer instructs the
Contractor to use (i.e. the length of pile indicated on the plans). However, situations do
arise where the “Ordered and Accepted” length will differ from the plans:

-If the length indicated on the plans is too short and additional length is needed to
achieve bearing and “Plan Cutoff Elevation”, the Engineer instructs the Contractor
how much additional length is to be spliced onto the pile. In which case, the
“Ordered and Accepted” length is now equal to the original length on the plans,
plus the additional length that the Engineer authorized being spliced.

-If the Contractor opts to use a longer pile than the Engineer authorized and the
additional length, in part or in whole, is needed to achieve bearing and “Plan
Cutoff Elevation”, the “Ordered and Accepted” length is equal to the length of pile
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left in place. Thus, the “Ordered and Accepted” length and “Length Left in
Foundation” are equal.

-If the contract has test piling, the Engineer will determine the “Ordered and
Accepted” length from the test pile data.

4. “Spliced after Drive” is used when the contractor drives a length of pile, then splices a
section to the top, but does not drive the additional length. The accurate bearing is
calculated on the length placed in leads, so do not change this number. If the length spliced
onto the pile brings the total to more than the Ordered and Accepted length, the Ordered
and Accepted length will be changed accordingly. Cutoff should not be an issue in this
situation. The contractor will likely splice on the exact length needed to bring the pile up
to cutoff elevation.

5. “Actual Cutoff” — The actual length of pile cutoff after achieving bearing and “Plan Cutoff
Elevation.”
-The “Actual Cutoff” is not necessarily equal to “Pay Cutoff.”
i.If the Contractor elects to use a longer pile than was specified by the
Engineer (“Ordered and Accepted”), the length in excess of the length
specified by the Engineer is considered “Non Pay Cutoff.” (Example: The
pile are supposed to be 20 foot sticks, but the Contractor uses a 40 foot
stick on the first pile. Actual Cutoff is measured at 23 feet. This would
equal 3 feet of “Pay Cutoff” and 20 feet of “Non Pay Cutoff” if this was the
only pile to be driven.)
Ii.The “Actual Cutoff” from one pile may be spliced in part, or in whole, to
other pile. In which case, it will become part of the “Ordered and Accepted
Length” on the pile receiving the splice. This depends on the length of pile
the Engineer directs the Contractor to use. (Example: From above, the
Contractor turns around and uses the 23 foot cutoff pile for the next pile. It
is driven to bearing and Actual Cutoff is 8 feet, so Pay Cutoff for this pile is
5 feet, and the Non Pay Cutoff is equal to 3 feet. In total, for both pile, the
Pay Cutoff sum is 8 feet and the Non Pay Cutoff sum is only equal to 3
feet, since all of the Non Pay Cutoff from the first pile has been used for the
second pile. This prevents the State from paying for Cutoff for lengths of
pile eventually used in the structure.)

5. “Length Left in Footing” is the PAY LENGTH, and is the length of pile left after Actual
Cutoff is removed.

-If no splice is made, or a splice is made to extend the pile to achieve bearing, the
“Length Left in Foundation” equals the “Actual Length Placed in Leads”, minus
the “Actual Cutoff.”

-1f a splice is made solely to achieve “Plan Cutoff Elevation” (i.e. bearing is achieved
prior to splice), the “Length Left in Foundation” equals the “Ordered and
Accepted” length equals the “Actual Length in Leads.”
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6. “Pay Splices” — Enter the number of Pay Splices occurring for the individual pile. This
does not include splices made for the Contractor’s convenience.

7. Length Left in Footing” is the PAY LENGTH, and is the length of pile left after Actual
Cutoff is removed.

8. “Pile Tip Elev.” typically is the “Plan Cutoff Elev.” minus the “Length Left in Footing.”
However, if the pile is battered, the batter needs to be taken into account to determine the
tip elevation.

9. *“Stroke (Drop of Hammer)” is observed by the inspector, and recorded in the appropriate
column.,

10. “Average Penetration” is equal to the penetration in inches for 20 blows divided by 20
blows.

11. “Computed Bearing Power” — Computed by the inspector immediately upon reaching a
predetermined point to establish the actual bearing relationship with plan bearing. Even
though laptops are routinely used in the field, an inspector should thoroughly understand
the bearing formula and how to manually calculate the bearing, before a laptop is used.

12. “Range” — This will indicate where the driving process is for the entered data by
displaying “Low,” “OK,” or “High” based on the Min and Max bearing numbers.

13. “Totals” — Automatic totals for each column for “Actual Length Placed in Leads”,
“Ordered and Accepted Length”, “Actual Measured Cutoff” and “Length Left in
Foundation.”

14. “Accepted Length” — Equals the total from the “Ordered and Accepted” column.

15. “Non Pay Cutoff” — Represents the length of pile in excess of the length specified by the
Engineer, and was cutoff. It equals the “Actual Cutoff” column minus “Pay Cutoff” minus
the “Non Pay Cutoff used for Splice (Reg)” cell.

16. “Non Pay Cutoff used for Splice” - Is the length of pile that was originally considered as
part of the “Non Pay Cutoff”, but was spliced to another pile to achieve “Plan Cutoff
Elevation” and/or bearing. A column exists for Reg, for production pile, and Test, for Non
Pay Cutoff from a Test Pile. It is important for the inspector to keep track of the amount of
Non Pay, or Pay Cutoff used in the structure. KDOT does not want to pay 75% of the
contract price for Pay Cutoff, only to have the same pile spliced on and used in the
structure to be paid at full contract price.

17. “Pay Cutoff used for Splice” — Is the length of pile that was originally considered as part
of the “Pay Cutoff” from one pile, but was spliced to another pile to achieve “Plan Cutoff
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Elev.” and/or bearing. Since the cutoff was previously considered “Pay Cutoff”, deduct it
from the “Pay Cutoff” total, so it is not paid for as “Pay Length” and “Pay Cutoff.” Show
the deduction on the report for the footing where the cutoff came from. If this report has
already been submitted, submit an amended report showing the deduction. (Example: A 6
foot stick of Pay Cutoff pile from Abutment 1 is spliced onto a pile in Pier 2. Go back to
the report for Abutment 1 and enter 6 into the “Pay Cutoff used for Splice” cell so the pile
does not get paid for as Pay Cutoff on the Abutment 1 report, but all, of a portion of it will
get paid for as Pay Length and/or Pay Cutoff on the Pier 2 report.)

18. “Total Cutoff used for Splice” — Equals the “Non Pay Cutoff used for Splice” plus “Pay
Cutoff used for Splice.”

19. “No. of Pay Splices” — Equals the total number of splices, ordered by the Engineer, to
extend the pile beyond the original “Ordered and Accepted Length”. Splices made for the
Contractor’s convenience are not considered pay splices.

20. “Pay Length” — Equals the total from the “Length Left in Footing” column.

21. “Pay Cutoff” — Equals the “Accepted Length” minus the total from the “Length Left in
Foundation” column, minus “Pay Cutoff Used for Splice.”

22. “Remarks” — Provide a recap of all splicing information, and unique information about the
pile driving operations:
a.Indicate if a splice was a pay or non-pay splice (i.e. instructed by the Engineer or the
contractor’s option.)
b.Which pile a splice pile came from.
c.Which pile a splice pile was spliced to.
d.The length of each splice pile.
e.Indicate if a splice was made after bearing was achieved.

22. “LOG OF CONTINUOUS PILE DRIVING AND/OR TEST PILE” - Record a
continuous pile driving record for a representative pile on each abutment and pier footing
on a structure. The record should be inclusive from the beginning of the drive to the final
bearing of the pile. Refer to the example below.

a.“Total Pile Length”- Report the length of pile to be driven into the ground. Once the
pile has developed enough resistance to require at least 1 blow per foot, begin
recording in 1.0 foot increments. In the first “To” cell, if the pile drops 6.75 feet
with the first three blows, enter 6.75 in the “To” cell, and enter “3” in the “Number
of Blows” cell. If the pile drops 1.5 feet in the next two blows, enter “8.25” in the
next “To” cell, and “2” in the next “Number of Blows” cell. At the point the pile
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requires at least 1 blow per foot, record the one foot increment in the “To” column
and record the appropriate number of blows. Also, record the fractional increment

just prior to achieving final bearing (i.e. 16.25 — 16.6).

b.“Number of Blows” is the number of blows that were counted while driving the pile
each foot (after it has developed the resistance mentioned in (a.) above).

c.“Drop of Hammer” is observed by the inspector, and recorded in this column.
d.“Average Penetration” is the one foot increment divided by the “Number of Blows”
for that increment.
e.“Computed Resistance” is the computed bearing after driving each one foot

increment.

f.Under the last entry (i.e. fractional increment), record the penetration for the last 20
blows and associated bearing.

g | Total MNumber of Average Computed Computed

i Pile Length Driven Blows Drop of Hammer Penetration Resistance V5.

& | Length] From To (Blow Count) [Stroke) [ft.) [in.) [tons) Specified
Al 186 0.00 675 3 4.00 27 .00 0.4 Lo
Al 136 B6.75 B3.25 2 5.00 9.00 13 Lo
Al 186 335 9.25 1 5.00 12.00 12 Low
Al 18.6 9.25 10.25 2 5.00 5.00 2.4 Lo
Al 1586 1025 11.25 4 300 3.00 6.2 Lo
Al 18.6 11.25 12.25 7 8.50 171 112 Lo
Al 1586 12 25 1325 21 950 057 340 Lo
Al 186 1325 1425 28 10.00 043 454 Low
Al 18.6 1425 15.25 32 10.00 038 505 Lo
Al 186 15.25 16.25 39 10.00 031 5845 Low
Al 18.6 16.25 16.60 20 10.00 021 774 Ok
Al 1586 16.60

Figure 11 Continuous Log Example
For structures under 750 feet in length a continuous pile driving record is required on two
footings; create one record for a pile in an abutment footing and the second record for a pile in a
pier footing near the opposite end of the structure. If the pier footings have no piling, then create
the second record for a pile in the opposite abutment.

For structures over 750 feet in length a continuous pile driving record is required on three
footings. Create one record for a pile in an abutment footing and the second and third record for
piling in two pier footings. If the pier footings have no piling, then create a second record for a
piling in the opposite abutment, and disregard the third record.

23. DISTRIBUTION LIST: Unless extenuating circumstances exist, requiring additional
distribution, submit one copy of this form to the District Office and three copies to the
Bureau of Construction and Maintenance — Change Order Section. Once all “Log of Pile
Driving” forms for a structure have been submitted, the Bureau of Construction and
Maintenance — Change Order Section will distribute copies to the Bureau of Materials and
Research — Geology Section, Bureau of Design — State Bridge Office and Bureau of Local
Projects.
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24. SIGNATURES: Always include the names of the individuals that inspected the pile
driving operations, checked the computations and submitted the form.

25. The following is a completed example of “Remarks” in a “Log of Pile Driving.” Note the
“Plan Length” for each pile is 16.7 ft.

-Pile #1 - Driven to bearing with 0.2 ft. (non-pay cutoff) trimmed off to reach “Plan
Cutoff Elevation.”

-Pile #2 — Driven to bearing with 1.90 ft trimmed off to reach “Plan Cutoff Elevation”
- 1.7 ft (pay cutoff) and 0.2 ft (non-pay cutoff).

-Pile #3 — After driving 16.9 ft of piling bearing wasn’t achieved. To provide a fresh
head 0.2 ft (non-pay cutoff) was trimmed off and 1.9 ft from #2 was spliced (pay
splice) on (1.7 ft of pay cutoff, 0.2 ft of non-pay). The pile was then driven to
bearing and 0.7 ft (pay cutoff) and 0.2 ft (non-pay) was cutoff.

-Pile #4 — Bearing was achieved after driving the 16.9 ft pile, but it was below cut off
elevation. Thus, 0.2 ft (non-pay cutoff) was trimmed off to provide a fresh head,
and 0.5 ft was spliced (pay splice) on to reach plan cutoff elevation.

-Pile #5 — The Contractor used a longer pile than was specified by the Engineer. Thus,
the pile was driven to bearing with 0.5 ft (non-pay cutoff) and 0.20 ft (pay cutoff)
cutoff.

-Pile #6 - Contractor elected to splice (non-pay splice) together two pieces of cutoff
from Pier 1. After the pile was driven to bearing the resultant cutoff was 0.75 ft
(non-pay cutoff) and 0.3 ft (pay cutoff). Appropriate amounts of Cutoff used for
Splice have been deducted from Pier 1 sheet.

5.3.8.1 As-Built Geology

Occasionally the as-built pile lengths, and even pile locations, may vary from those shown on the
plans. It is important for any deviation in foundation elements from the plans to be recorded on
the as-built geology sheet and submitted to the District Engineer. The District Engineer will in
turn submit these sheets the Bridge Office. Someone from the Bridge office will then incorporate
those changes into the original geology sheet. This is done so that there is a permanent record for
use in the future. An example of an as-built geology sheet is shown below.
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5.3.8.2 Pile Driving Formulas

Bridge Construction Manual

_ Steel, Shell, pa we Rt W
Gravity :
Steel Sheet S+035 | (W+X)
2-W-H
Steam -
(Single Acting) All Types S+0.1
Steam All Types B= -
(Double Acting) P S+0.1
p__ 16 W-H
1 - * . ok
Delmag/McKierman-Terry All Types S+01- (X )
p 1.6 E
Link-Belt* -
X’i“!'
All Types All Types S+0.1- { }

* Diesel Hammers

** For Diesel Hammers if the quantity (X/W) is less than one, (X/W) is set equal to one.

ENGLISH

P in Pounds

W in Pounds

X in Pounds

S in Inches

E in Foot-Pounds
H in Feet
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5.3.8.3 Field Pile Driving Guide

Many methods can be used to calculate resistance in the field. The inspector can program a
calculator to compute resistance at the appropriate number of strokes, but this can be difficult
because the height of the stroke and the penetration are both changing as the pile advances. The
PDA calculates resistance as the pile is driven, but it is not currently specified on all projects. The
field may request the PDA through the regional geology office. The State Bridge Office created
the “Field Pile Driving Guide” to help the inspector calculate resistance as stroke and penetration
change. This form will be available on the Forms Warehouse, or through contacting the Bridge
Construction Manual Engineer.

First, the inspector needs to have all the appropriate information from the Contractor. If Form
217AA has been filled out, all of this information can be found there. Next, fill out the project
information on the “General Information” sheet 217B. The plans will show the designer’s
specified load for each substructure pile and the pile type, which will give the inspector the pile
weight in units of pounds per foot. Additional sheets included in the form are related to the
hammer that the contractor will use for the project. The inspector will go to the correct hammer
sheet and enter data into the light green shaded cells. Enter the Length of Pile near to the length
that will be left in the ground. This will provide the inspector with the calculations near the end of
the drive as the pile reaches the specified load stated in the “Piling” note on the “General Notes”
sheet of the plans. The Hammer, Cap, and Anvil weights will come from the contractor. It is
important to make sure that the contractor’s hammer data is within the limits set in Sections 157
and 704 in the Standard Specification. The minimum and maximum penetration, “S”, will depend

on the energy of the hammer and the piling that is being driven. Values of 1/8" and 1/4” per blow

are appropriate for most cases; however, a blue “band” of acceptable values is the goal of Form
217B in order to give the inspector an achievable range in the field. The minimum and maximum
hammer fall, “H”, will depend on the energy of the hammer and the piling that is being driven.
For gravity hammers, the maximum fall may go up to 15°.

After the data is entered, the spreadsheet highlights the band of acceptable bearing values, and
provides a graph based on Drop of Hammer vs. Penetration in 20 blows. The top line on the graph
is the Minimum Bearing line; for a given hammer drop, the penetration in 20 blows must be less
than the value given at this line. The bottom line on the graph is the Maximum Bearing line; for a
given hammer drop, the penetration in 20 blows must be more than the value given by this line.
For a small hammer drop, with a large penetration in 20 blows (above and left of the two lines),
the pile has not achieved minimum bearing. For a large hammer drop, with a small penetration in
20 blows (below and right of the two lines), the pile has gone beyond the maximum bearing. The
highlighted portion of “Computed Resistance” and the “Acceptable Range” in the graph can be
adjusted by changing the range of hammer fall and the range of average penetration. While the
contractor drives the piling, the inspector regularly checks the value of resistance for the observed
fall of the hammer and pile penetration. Instructions are included on the “General Information”
sheet within the form, and the Bridge Construction Manual Engineer should be contacted for
further guidance.

Version 5/13 KDOT Bridge Section
5.3-Driven Pile - 40



Kansas Department of Transportation Bridge Construction Manual

Field Pile Driving Guide
Enter known data in all available cells.
General Information

If you can not see colored tabs for different hammers at the bottom of the window, go to
"View" tab, "Arrange All", and hit "OK" in the window that pops up.
(This information is common to all sheets in the Workbook)

Hammer Information PROJECT INFORMATION

Type of Hammerl 1 County
Project
Hammer Weight " lbs (Br. No.) and/or Sta

Cap and/or Anvil Weight " Ibs Type of Pile )

Energy Rating " ft-los Plan Note Overdrive % Y%
B Ol A SU—
Min. Resistance Required —tons
Max. Resistance Allowed  tons

Figure 12Form 217B General Information Sheet
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Delmag McKierman Terry (Diesel Hammer) Example
Summary Formula Entry Data
Hammer Wt. 4200 lbs Weight per foot of Minimum
Cap/Anvil Wt. 980 lbs 1.6-W- - H piling (lbs/ft): 42 lbs/ft. Hammer Drop
pile Type F:= (X Length of Pile: 52.3 feet 4 ft.
Min. Res. 60 tons S+0.1- W | X 3177 lbs Maximum
Max. Res. 90 tons ! Minimum "s": 0.000 inches/blow  Hammer Drop
Maximum "5": 0.500 inches/blow 10 ft.
PROJECT SCOPE: HP10x42 pile, 52.3 ft long...0bserved approximately 4 to 4.25 inches in 20 blows with about 6 feet hammer drop.
Penetration per 20 blows {in.) 0.000 | 1.000 | 2.000 | 3.000 | 4.000 | 5.000 | 6.000 | 7.000 ( 8.000 | 9.000 |10.000
Average Penetration per blow (in.) "S" 0.000 | 0.050 | 0.100 | 0.150 | 0.200 | 0.250 | 0.300 | 0.350 | 0.400 | 0.450 | 0.500
Drop of Hammer (Stroke) (ft.) Computizd Resistance (tons)
aﬁ’; 4.0 134 90 67 54 4] 38 34 30 27 24 22
Text 2 4.6 155 103 77 62 5 L 39 34 31 28 26
- .| E
Indicates Bearingis| = 5.2 175 116 87 70 3% | Basedonahammer drop of around 6.0 ft.
within acceptable | & 5.8 1395 130 37 78 | b5 Basedonaround4 inches of penetrationin
= -_
range. 6.4 215 143 108 86 72 the last 20 blows.
E 7.0 235 157 118 94 78 Bearing is within acceptable range: itis
Text E 7.6 255 170 128 102 a5 between 65 ton and 72 ton.
Indicates Bearing is Iru 8.2 276 184 138 110 92 [E] 2] bl 23 20 40
outside of s 8.8 296 197 143 118 99 84 74 66 59 54 43
acceptable range. S‘ 9.4 316 211 158 126 105 90 79 70 63 37 33
[
= 10.0 336 224 168 134 112 96 84 75 67 61 56
I 10.000
< 4.0 g =| 2480 g = 0% |- | so00 - # Min.Bearing
" 4.6 s 3 3.152 - 1435 |-» | 8000 7= - —m-Max.Bearing
c o 2 o 2 7000 | 2
= 5.2 ~N 5 3.824 ~N 5 1.883 - i R
| se v B ?95 - z_g 5| so00 £ 3
: 64 | T & 168 TE| 2 > | 5000 12 g
] 4000 E ] R
g | Minimum Bearingis achieved if penetration is LESS than a 2 D0 = Q{\q’
E| numberbetween 4.496" and 5.168". 4" is less, so OK. ’ & .JQPI
I"" Maximum Bearing is not exceeded if penetration is MORE than a 2.000 +
- number between 2.331" and 2.779". 4" is more, 5o OK. 1.000 A
p | Graphically, to the right, the penetration per 20 blows of about 0.000 . . . . .
o W e Drop of Hammer (ft.)
n._ 4" with a hammer drop of 6 feet is in the acceptable range. 0 50 ax) E-It 0 — 121}

Figure 13Form 217B Delmag Sheet Example

5.3.9 Hammer Data

More information is available online than is included here:
http://www.conmaco.com/html/new equip.html
http://www.apevibro.com/asp/manuals-MKT.asp  M-K and APE data

Version 5/13 KDOT Bridge Section

5.3-Driven Pile - 42





