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Overview of Pile
Foundation Design
and Construction

Kansas

Department of Transportation

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.

Department of Transportation
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The bridge load is A A
transferred to the soil
or rock by resistance
along the length of the N N
pile...
...and resistance from >
the tip. T Kansas
Piles which get

most of their
resistance from
friction along the
side are
commonly called
friction piles.
Kansas

artment of Transportation




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

K ansas
Department of Transportation

f Transy

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.

[l(ansas
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Thermal expansion & contraction

Jgan sas

tment of Transportation

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.

Jgansas

tment of Transportation




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)

K ansas
Department o nsportation
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At the same time, you will be expected to make
sure we::

| Don’t'damageithe piling

Avoid expensive overruns’by
driving m,o\fre than necessary

18
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Unfortunately...

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

can get complicated in the field.

Kansas
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; S‘mvlth CoﬁntY—fMissouri Pacific bridge pile, circa 1880
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Dolla Dolla
Billz,
y'all !

But if it was easy, anyone
could do it. Then they
wouldn’t have to give us
so0 much money.

Kansas
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Knowledgeable and
diligent
construction
supervision and
inspection are vital
to proper
installation
of piling.

= Kansas
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So what
are we
trying to
learn
here?

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

How to calculate resistance

Where tn find what vair need in KDOT




How to find what you need on the appropriate plan sheets

(f

1. BEARING

2. LOAD

3. RESISTANCE

18
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Let’s get started.




Driven Pile
Types

K ansas
Department of Transportation
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General Pile Types

» Foundation piles
» Structural Support

» Sheet pile
> Retention

[l(ansas

rtment of Transportation




Pile Design Designation

Load from (@
Super structure {Q)
Ground
I ‘I Level
Soft Soil Soft Soil with
increasing
t t stiffness as
Frictional depth increases
Hard Strata Force 1‘ T
End bearing
End bearing Friction
Pile Pile

Kansas

Department of Transportation

» Pile Groups

Pile Arrangement

> Pile Bents |

Kansas
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Pile Arrangement

> Pile Bents

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

= Kansas

Department of Transportation

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

Driven

Groundline

Kansas
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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

Kansas

Department of Transportation

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

Kansas

Department of Transportation




Ple A

7

Department of Transportation

Pile Arrangement
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rrangement
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Pile

Department of Transportation

11

W) W !

Kansas

Department of Transportation

12




=

W

Department of Transportation

13

Pile Arran

ceme

nt

Kansas

Department of Transportation

14




Pile Arrangement

Department of Transportation
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Pile Group or Pile Bent?
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Driven
Piles

[
Timber Composite
[

Closed

End

Kansas
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Timber Piles

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

»Most common pile type used by KDOT
» Typical lengths range from 15 to 130 feet
» Typical design loads 45 to 225 tons
»Material Specs: F, = 50 ksi

»Suited for either end or friction bearing

Kansas

Department of Transportation
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Battered Pile K-4 over Delaware River
Valley Falls, Kansas
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H-Pile With Tips
»Embedding into hard bedrock

» Encountering obstructions
» Help protect end of pile

DETAILB
SCALE1:2

W,

“~H-PILE point has 45 chamfer
for groove weld across each flange.

Kansas
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Splicing H-Pile
»Used to add pile length
» Certified Welder
»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 p11e with a full penetration welds

Kansas

Department of Transportatior
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H-Pile Splice

KDOT does NOT
approve of this
method

Kansas

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

Kansas

Department of Transportation
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H-Pile Disadvantages

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

Kansas
27
Closed End Pipe Pile
»Typical Lengths : 15 to 120 feet
»Material Specs: F, = 45 ksi
» Typical Design Loads 40 to 300 tons
Kansas

28



Closed End 1 ' e Plle

29

Typical KDOT Pipe Pile Plate

- Flat Closure Plate Kansas

Department of Transportation
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Closed End Pipe Pile
Using Conical Points

AN

Drive fit paint for PF I ltb n: fnml : I :'u' ‘.a
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Closed End Pipe Pile

Kansas
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Pipe Pile Splice

Splicing Rings---KDOT
Does NOT Use
e i T

e —— _._...“-. -_f.'_n..

" Kansas
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»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

Kansas

Department of Transportation
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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

Kansas
35
Pipe Pile Disadvantages
» Vulnerable to Corrosion
»Could Hinder Required Penetration Depth
» Susceptible to Bending or Mushroomlng at Head
»High Soil Displacement b
Kansas
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Concrete Piles Overview

* Typical Lengths: 30 to 130 feet

* Design Loads: 45 to 500 tons

37

Concrete Piles

38




‘Concrete Pile Bent

Kansas

Department of Transportation
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Concrete Piles

Kansas
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Concrete Pile Detail

 Size ‘ Size Size
(7o) Core \
| Diameter

Continuous—"|

Tie
1
Prestressing/L';"—"—’—/
Strand Square Square Octagonal
Solid Hollow Solid or Hollow
20 to 36” 10 to 24”

Size:  10”and up
could have 11 could have

to 18” hollow 11 to 15”
center hollow center

Kansas

t of Transport
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Concrete Pile Cushion

Kansas
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Concrete Pile Splice

Joen T
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SLEEVE CONNECTOR RING MECHANICAL DOWEL
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Concrete Pile Spllce

24 inch octagon Kansas

t of Transport.
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Concrete Pile Splice

30 inch square
Male/Female ends

Kansas

t of Transport.
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Concrete Pile Damage

Kansas
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Concrete Pile Advantages

»High load capacity

» Can be made for
corrosion resistance

»Hard driving possible

» Cylinder piles suited for
bending resistance

Kansas

Department of Transportation
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Concrete Pile Disadvantages

»Relatively high breakage

» Unless pre-stressed, vulnerable to handling damage

» Considerable soil displacement
» Difficult to splice

»High initial cost

49

Composite Piles

»Two different materials
»Good qualities are taken advantage of
»Used in special circumstances
» Preferential Use
» Geology
» Structure

» Durability
» Cost

50



Composite Pile Variations

-

»Concrete and H-pile

» Steel pipe and H-pile

» Steel pipe and concrete
» Concrete filled pipe

Kansas
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Composite Pile Variations Cont.

»Fiberglass
»Fiberglass shell filled with concrete
» Corrugated shell and timber

»Numerous others

Kansas

Department of Transportation
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Pipe & H-pile Composite

Kansas
53
Composite Piles
»Typical Lengths 50 to 200 feet
»Maximum Design Stress: Dependent upon pile material
» Design Loads 30 to 200 tons
» Weakest material governs allowable stresses and capacity
Kansas
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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

Kansas
55
Composite Piles Nl
1|
* Disadvantages: Bl
»May be difficult to splice Ll
g
»May be difficult to attain good joint between materials g )|
1
» Vulnerable to decay above water unless treated
‘EH:a:'l:CE}GITE :
Kansas
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Other Types of Driven Pile

Kansas

Department of Transportation
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Tapertube Piles

Department of Transportation
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Mono Tube Pile

Kansas

Department of Transportation
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Cylinder Concrete Pile

Department of Transportation
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Spin Fin Pipe Pile

K ansas
Department of Transportation
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Questions?

Kansas
Department of Transportation
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The task of successfully
Installing piles involves
selecting the most

to drive

each pile to its
or depth
in the




Department of Transportation

Kansas

o)
c
=
S
©
o
)
c
jo)
'©
@
[l
©
c
®©
| -
()
S
S
®©
<

Brace long piles until they are driven enough
to support themselves

Hold and guide the hammer

The Leads
Keep the
driving




Swinging Leads

Swinging Leads are
widely-used because
they're:
Simple
Lightweight

Low cost

Swinging Leads 1

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




Swinging Leads 2

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

Most common setup for swinging leads




Crane With
Swinging

Leads
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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

Ka11s§s
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It helps with hammer-
pile alignment, and is
also a safety matter

Ka11s§s

Depariment of Transportation

This is an extreme
example from summer
2013.

Long piles, short
leads, Western
winds.....

Lots of alignment
trouble.

Kansas

Department of Transportation




This is from 2015

And this is from 2019




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.

Fixed Leads 1




Fixed Lead

—
- P ey
AT )

74! fag

Lead —

\ Boom
Hammer — _; \

Helmet — \

Pile ———— "

A w——

8 VI

Spotter 57

. Pile Gate ——

Fixed Leads 2

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

Kansas
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Fixed Leads 4

Fixed leads are used for large piling
on large projects.

You will rarely see fixed leads on
Kansas bridge projects

Common Types of Leads

Truss
Triangular
Box
H-Beam
Pipe




Truss Lead

Square and Round Tube

Triangular
Lead

Truss Leads
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Pipe Leads With
Ladder Frame

H-Beam Lead

Square and Round Tube




Pile Gate

At bottom of leads

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

Drop
Gravit
( vity) Single-Acting

(Open-End)
Diesel

Double-Acting
(Closed-End)
Vibratory
Pile

Single-
Hammers Acting
Hydraulic

Double-
Acting

Single-
Acting

Double-
Acting




Drop (Gravity) Hammer

Concept has been used for thousands of
years

Suitable for all types of piling except
concrete

Very high dynamic forces can break
concrete piling in easy driving if drop is
not controlled
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Drop (Gravity) Hammer

Cheap to Buy

Cheap and easy to maintain

Problems with using gravity
hammers

If they’re cheap, why don’t we use them everywhere?




They’re slow

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

It can be hard to control the fall height of
the weight

On KDOT projects, mainly used to start pile

Drop (Gravity) Hammer

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

Usually short pile stopping on a hard
limestone or sandstone




December 2019

near Woodbine

Vibratory
Hammer




Vibratory Hammer

Sk ég;,f,\\v\
- oM N

-V R

Vibratory Hammer

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) Ka

Department of Transportatios




Vibratory Hammer 1

Hydraulic Hoses

Vibratory 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.




Vibratory Hammer
Suitable for end-bearing
Not recommended for friction piles
Very useful in granular soils
Not effective in stiff, clayey soils

Can be used for driving or pulling piles

Vibratory Hammer

How do you know when to stop it?

Must use another method to confirm pile
capacity




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 ST
Kansas

Depariment of Transportation

Single-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 Kansas

Department of Transportation




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.
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Recoil Dampener
Hammer Cushion
Fuel Pump
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Exhaust Port
Striker Plate
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Rope connected
to fuel pump

Kansas

Department of Transportation




119, OO

Rope connected
to fuel pump

Fuel Setting Switch

Fuel Pump
Cut-Off

Lines connected to
setting switch




APE/Delmag
Fuel Pump

Decrease Stop Increase
fuel fuel




Use the highest setting in most cases

/J
o e
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Range of Energy per Blow,
by Pump Setting:

Example: Delmag D19-42

Position 4:
Position 3:
Position 2:
Position 1:

Sometimes a
contractor will drive
different size pile or

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

100 %
88 %
67 %
48 %

42,800 ft-lbs
37,660 ft-Ibs
28,680 ft-Ibs
20,540 ft-Ibs




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

Just be aware that the hammer energy can be
changed. Ask for help if you need it.







Ouija
Graduated Rod
Jump Stick
Yardstick

Make up your own
name

Piston at top
of rebound




Piston at top
of rebound 1

AN\ P
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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




Hydraulic
Hammer

Hydraulic
Hammer 1




Hydraulic
Hammer 2

Hydraulic Hammer

Double-acting can be used for underwater driving
Expensive to buy
More complex maintenance than other hammers

Must use another method to confirm pile capacity




Hydraulic Hammer

Not allowed on KDOT projects

Can't stop it fast enough

Air Hammer

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

Ka
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Air Hammer

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

Pile Helmet

@P «— StrikerPlate

%—— Hammer Cushion and Drive Base

<4—= Pile Cushion

Kansas
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Pile Helmet 1
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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.

«—— Piston
Hammer 1

al Anvil
Hetmet, LI -
\ LT Striker Plate
N ————
k\\\\\\\\\\\\\\\\\\\\\\{\ H ammer Cush ion

\

Pile Cushion

i

PI Ie Department of Transportation




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

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

Kansas

of Transport

Entire assembly is ==~
referred to as the

~+ “Helmet” or “Cap” or
“Bonnet”

. | %’E
Lowest piece is
sometimes
called 4
the “Adapter” g

100



7 1600 Lbs g 900 Lbs

X

A

The weights are usually E
welded on the side
- &

101

Hammer-helmet-pile alignment
be maintained, especially

when driving concrete pile and
thin-walled steel pipe piles.

102



Hammer Cushions

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

103

Sometimes also called a “cushion block”

- . '.’.
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Between @ «— Striker Plate
Striker Plate

and Helmet w% <— Drive Base (part of helmet)

MM

&

105

m Striker Plate

.\ Aluminum
\

\ —— Micarta
Aluminum

. Drive Base
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Kansas
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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

Can result in increased bending stresses on
pile

Ka

Department of Transportatior
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Acceptable Hammer Cushion Material

Micarta (phenolic fiber and aluminum)

Replace when it starts to powderize

Kallsﬁfs

Depariment of Transportation
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Acceptable
Hammer
Cushion Material

Reinforced Phenolic
Resin

111

Acceptable Hammer Cushion Material

Nylon (usually blue)

Replace when you see horizontal cracks
(vertical cracks are OK)

112



Acceptable Hammer Cushion Material

Nylon

113

Also called a
“cushion pad”

114
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Why is
everyone
looking at

Acceptable Hammer Cushion Material

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

Replace when it begins disintegrating

Kansas

Department of Transportation



Acceptable Hammer Cushion Material

Hammortex

117

Acceptable Hammer Cushion Material

Urethane materials

Polymer materials

118



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

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

projects.

(Wood can be used on gravity hammers)

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.

Kansas
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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.

It's not uncommon to have 2
thinner cushions of different
materials, such as nylon and
Micarta or aluminum and Micarta.




Pile Cushion—used to protect top of concrete pile

Pile Cushion

Concrete Pile =y

Pile Cushion

Concrete Pile

A is required
for concrete piles only

This protects the concrete
from driving stresses




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

on it.

125

Follower

Used as an extension

of the pile between the
hammer and the pile
head

126



Follower

Problems with followetrs

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




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




Plan Sheets and Geology
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STANDARD GEOLOGIC SYMBOLS

Clay - ——
i Waatherad 1 : R]
or ~- | Catiche Limestone Y o =%| Mortar bed
////A Underciay e e % Shale 1 e
e —1 Sy X =
Sitty ————1 th I [ = ] cherty
7/ 7 = — | Lioyey 5 1 Sandstane =
///// Clay =—=——1 Shale oLt ST Limestone Cool
2,500 s | Umy ey Shaly =1T——] Stay AZZ2 o
. .| Shale P = Sandstone —T—— Limasfone > stone

NN Bigck or
SN s Oypsum ol S0 b

== 7 - ri T Weathared 1]
__—f""r.-._ ‘""": SSa'm)H  — Dofomite : T gBmkun 1 Wavy limestone
I Gypsiferous b] )]
“p | Basiders Sral oo T Cross-ted Illll Ilrllll Loess n | Chalky limestore

Standard Geology Symbols
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SOUNDINGS

Coradrill 000.0 EIs;aﬂm Jdn‘f’orpolofod
Power quger or from od focant
soundings
Hond Tools 00

Alr hammer 000.0 Actual sounding o000 L 0o
Cone (CPT) slevation
panefrometsr

LINCONFINED
COMPRESSION
TEST
Shaity tube

Elevation
/ Blows/ff.
Water level

000.0 |00

3099.9 P

STANDARD
PENETRATION
TEST
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SO0UNDINGS

)@0.0 Etevation Inforpolated
o from ad facent
soundings A

000.0 Actual sounding
elevation SeI g

LINCONFINED
COMPRESSION
TEST

/— E.'Wd‘rm

3093.9 [

STANDARD
PENETRATION
TEST

Symbols used on page
Kansas
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SOUNDINGS

)@0.0 Elevaiion inferpolaled
or 'rom ad jocort
soundings A

000.0 Actual sounding
elovation 000 g 0

LUNCONFINED
COMPRESSION

/— E!Wdfrm

000.0 | 00

00

STANDARD
PENETRATION
TEST

Examples of elevation
callouts on cross-

section view IKaI.ilspaS




SOUNDINGS

Coredrill [060.0 Elu:aa‘im aidn;orpdarod
or from acent ,
Power auger pngs Graphic
e o - e e
Alr hammer 000.0 Actual soundi, !
" elavation i o0 in seconds
Cone (CFT)

LINCONFINED per Yoot
000.0  Drive started COMFEETssmu pendirafion

Sheity Tube

Eiavation
/ —— Blows/ 1.
W 000.0 |00 i
000.0  Refusal —

3099.9
o000 |00 g 2o 3o
STANDARD AIR HAMMER DRIVE TEST
PENETRATION
TEST

CASING DRIVE TEST

Format of results of
lab strength tests on

core samples Kansas

Depariment of Transportation
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“Core Tree” on Engineering Geology Sheet
Results of lab tests on soil and rock samples

= ﬁl

> 1450.4 o B3

._:AIHE.E 46 . Compressive

[442.5 strengths

f Tons/square foot

" 1436.0 I 52 -
1431.0

1427.0 ' 42

i Ry |

SOUNDINGS

@® Corsdrill [00C.C Efmvation infarpoioted
& Power cuger “'fm, ad jacont
Q  Hand tools ings .0 | oo
Air haimmer 000.C Actual sounding 0000 ll oo
efevation
v Cone (CFT)
porsirometer

LINCONFINED
COMPRESSION
TEST

Elsvation
000.0 Jo0
000.0 [00

STANDARD
PENETRATION
TEST

Format of standard
penetration test
results




Split Spoon
Sample

(Standard

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
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Core Drill with

Water Truck
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E xcavation Boundary Plane of Class I and Class II
Excavation; Class I above the plane, Class II below the REINF(Q
plane. See the "Bridge E xcavation' sheet for the limits of wi

pay excavation,
PILING
BACKFILL COMPACTION: Backfill compaction shall be required we,
at abutments. No.
(B
PILING: Drive all piling to penefrate or bear upon the Smoky Hill

Chalk Member formation. Driving shall sfop when in the opinion CAMBET
of the Engineer additional driving may damage the piling. var
Drive all piling fo the Pile Driving Formula Load of: forl
if 1
Abutment No. | 58.1 Tons bed
Pier No. | 163.5 Tons tak
s Pier No. 2 163.5 Tons beh
= Abutment No. 2 58.1 Tons def]
2 As a minimum drive each pile fo the load and penefration, but in the
é no case shall the pile be driven fo more than 110% of Pile Driving flod
3 miny
o . .
2 Look for the “ PILING: ” note on this page. g/{é
=| It will have the numbers you need for driving. car
S|e pla

35

PILING: Drive all piling to penetrate or bear upon the Smoky Hill
Chalk Member formation. Driving shall stop when in the opinion
of the Engineer additjongl driving may damage the piling.

Drive all piling to the|File Driving Formula Load|of:

Abutment No. | 58.1 Tons
Pier No. | /163.5 Tons

Pier No. 2 163.5 Tons
Abutment No. 2 58.1 Tons

Kansas
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er than | %, abatement shall be performed
ications. Results less than 1% require DESIGN LOADING:
HL-G3
Design Dead Load includes an allowance of |5 psf for a
future wearing surface.
UMIT STRESSES:
Concrefe (Grade 4.0) f'c= 4,000 psi
Concrefe (Grade 4.0)(AE) f'c= 4,000 psi
Concrefe (Grade 4.0)AEXSW)  fc = 4,000 psi
Prestressed Beam Concrete fic = 5,000 psi
Reinforcing Steel (Grade 60) fy = 60 ksi
Steel Pile fy = 50 ksi
Prestressed Strand '@ Grade 270 uncoated 7-wire,
o TR Sy and.
LRFD DESIGN PILE LOAD:
Design Loading (Tons/Pite) Sirength | Service | Phi
A{JUTWSWS No. | & 2 58.1 38.1 0.55
Piers No. | & 2 163.5 114.8 0.65
JON SYSTFM. oo tha
men. H
Do NOT get this confused
e d - - -
« With the Design Pile Load, —
erec . . .
Wh|Ch IS usua"y]ust abOVG : NO, | DATE REVISIONS BY | aPPD |
ngll T
CTL = EANSAS DEPARTMENT OF TRANSPORTATION B
., the title block. Klaven! | |Br. No. 9-63-25.18 (088} Sta, 373+96,50 [F
Sum. Ail marer1als removed - =
1.40 £
e shall become the property of Type HET ”_’Oﬂ |><] GEHSE Rébsﬁogi:s #r’:ln[?:eorUAchTslTsES S
is material from the site. 2002 LFD Rating. /7th Edition AASHT O £
rap af the abutments shall HL-93 Loading | /.33 | 2.60 Proj. 9-69 KA-3094-0I NortonCo. £
iary fo the bid ifem “Removal 2017 Manual for Bridge Evaluation 'g
[DESIGN CK.  SGB|DETAL CK.  SGB|QUAN, CK. S

CADconform Certlty This Fle Sheet No. 25
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ETE: Use air entrained concrefe with
specified in the Special Provisions.
28 day strength requirements

lans. Submit mix designs fo

nd Research for approval.

St After the abutment and pier
efore seffing any prestressed
to the Engineer that the

match plan elevation (+ Y3*).

IN: See the General Nofes on the
sheet.

[
m
e

U
er

reference.

FOp or e QUUINENs SHdil

Design Dead Load includes an allowance of |5 psf for a
future wearing surface.

UNIT STRESSES:

Concrete (Grade 4.0) flc= 4,000 psi
Concrete (Grade 4.0)(AE) fc = 4,000 psi
Concrete (Grade 4.0XAE)SW) fc = 4,000 psi
Prestressed Beam Concrefe fic = 5,000 psi

Steel (Grade 60) 60 ksi

Abutments No. | &
Piers

This is structural
engineering info.

It is there for the designers’ g Factors

During construction, we use
it with the PDA.

|HL-S3 Loading

NO. | _DATE REVISIONS BY_| aPPD |2

inventory |Operating KANSAS DEPARTMENT OF TRANSPORTATION @
1.52 2.54 Br. No. 9-69-25.I18 (088) Sta. 373+96.50 -
1.40 GENERAL NOTES AND QUANTITIES E

% Edition AASHTO K-9 over Big Timber Creek LE:

Norton Co.|§

| 133 | 260

ProJ. 9-69 KA-3094-0I

fo the bid item "Removal

(2017 Manual for Bridge Evaluation

0 SCALE APP'D
[DESIGNED _—— CEW[DETALED — CEM|QUANTITIES _ CEM] H
[QUAN. CK.  ¥MC]

CADconform Certlfy THIS Fe

38



*NOTE: Only steel pile HPI2X53 %% Quantities are included in
shall be used on this project. ” the Superstr. Tatal Quantify.

*Summary of Piling (Bridge /03): [TRAFFIC DATA - (I03%I04) [RATING FACTORS - Br. No. (103) EB|
FSummary of Piling (Bridge T::;;I({: ZSIA;A (|§;a£4) RATING ;:fn?i:ve/ Br. No. (103) EB

1 0 6 fi. iventory (Oper i
Pier No. I 16 @ 37 fl. AADT (2032) | 5.200 [Truck oy [Operating|
Pier No. 2: I5 @ 37 f. DI % Hs-20 (36T) | 2.797 | 4672

1 e 441t E 1.639
Abutment No. 22 8 @ 58 . D 55/45 Typo HET_(1107) =

T 847 {002 LFD Rating. ITth Edition AASHTO|

+Summary of Piling (Bridge 104): |{#L=83 Loading [ 1.580 | 2.048
Abutment No. /: - 6 @ 54 fF. |[2008 Wanuaf for_Bridge Evatuation
Pier No. I: /5 @ 37 ft

e 43
Pier No. 2: 16 8 36 f.
Abutment No. 2: 7 @ 56 f.

/o 62ft cend

“

\TION: All excavation shall be Class Ill. See
Ixcavation shest for the limits of pay

Sometimes there 1s also a summary of
piling type and length on this page. ot b e Ergraa et o a8 an

Jse (Pile Driver Analyzer} (PDAJ equipment
s compliant with KDOT Specifications. The
1wor prnnny ohall remain in place as permanent piling.

§§% Drive the test pile specidl piling to the resistc

W As a minimum drive each pile to the load and penetration, but in piie spectal piling T resisrance

§ 1o case shall the pile be driven fo more than 110% of Pile Driving ;gé”e of the Strength I load divided Ly Phi shown on

e 3 Formuta Driving Load. At any location where problems are plans.

& 3 experienced, pile damage is suspected, or the File Driving Formula

E 3 Load ocours significantly above the design pile tip elevation, the

5|&|5|  Engineer may request fhat the Pile Driving Analyzer (FDA) COLUMN CONSTRUCTION: Cure the column fodting as required
equipment be used. by the KDOT Specifications before beginning the column

construction (placing restes! or formwork), Do not
place cast in place shear boits, coil inserts, or other

PILING SPLICE LOCATION: ntsgral pile splice focations and 4 ; )
weld testing criteria for Abutments | and 2 will ;;:’g;fj:f;%”g‘;%’;“m%ﬁf’m’;nw’”"’""
follow the *Standard Pile Details" Sheet (BRII0). ot o meoral oF Ty e o

shall continue affer the formwork is removed as required
by the KDOT Specifications.

39

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

Now it is called the Pile Driving Formula Loa

Kansas

Department of Transportation




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

That’s usually necessary.
Most of the time, you should

drive to the pile driving
formula load and then stop.

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.




At worst, you could
damage the pile.

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

Let’s take another example....

PILING: Drive all piling fo penefrate or bear upon the Wellingfon
Formdtion. Driving shall stop when in the opinion of the Engincer
additional driving may domage the piling. Drive all piling o
the File Driving Formula Load of:

| Plot Location: $UA

Fllo: $345583858980GNSPECSPSSSPSs3ISSE
Plot Date: $£3$8SYTINESS3858

Abutment No. [: 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 penelfration, but in
no case shall the pile be driven fo more than 110% of Pile Driving
Formula Driving Load. At any locafion where problems are
experienced, pife damage is suspected, or the File Driving Formula
Load ococurs significantly above the design pile tip elevatfion, the
Engineer may request that the Pile Driving Analyzer (PDA)
equipment be used.

Plotted By: $$USERNAMESS

44



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

Let’s do Abutment 2....

So we’d drive to 86 tons.
we could go to 95 tons.
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BRIDGE FOUNDATION GEOLOGY REPORT

W CRO." P June, 2020
S, 8
{: 4 :‘x N4 g l;l, %
i ) e
T "‘tj ] )
/ )
Wt Crd -
alMEL B! 4 cuoe
Ry, Ch
g e S
Jun 09, 2020 Jun 08, 2020
Prepared by Neil M Croxeon

24-33 KA-3961-01
US 24 over Rock Creek
4.8 miles east of K-35
Bridge Number 8.92 (054)

Graham County

KYLE HALVERSON, P G_
CHIEF GEOLOGIST

By

Jefirey W. Geist, P.G_, Professional Geologist Il
Meil M. Croxton, P.G., CPG, Regional Geologist

Kansas

Department of Transportation

BUREAU OF STRUCTURES AND
GEOTECHNICAL SERVICES

GEOLOGY SECTION




To find Geology Reports on Document
Management from KDOT computer:

Open OnBase

Go to the Retrieval tab

Document

QA A

Home Personal Favorites  Custom  Retrieval
- Page - - Queries
Favorites

. Document Retrieval

A Document Types and Groups
PROJ - Project Docs
=4 PROJ -
2 PROJ-
4 - Contracts
2 PROJ-
=4 PROJ -
=i PROJ-
=i PROJ-
24 PROJ - District 3
£ PROJ - District 4

Chief Counsel

Construction & Materials

Coordinating
Corridor Management
District 1

District 2

# Keywords and Date Range

From | To

[ Envelopes
(D Query History

Document Handle

=]

™ M

Kansas

Department of Transportation

OnBase (OnBa:

Cagii::':ts E}M}fCheckouts Forms Import Templates
Documents Geolocation Create Workflow
G, Search Results: 1 Document(s)
LCI
v Icon MName Type
C m] m]
}é [1] Project®: KA-3950-01 - Geology Report - Geology Report - 8/25/2017 PROJ - Structures & Geotech
3 - Doc Handle: 9949417 Sves
Change the Document Type to
1 H 7
Project Docs
&

50



[ Envelopes Document Handle 4\ I:B

(© Query History

O 2 a Qq

Home Personal Favorites  Custom  Retrieval File p e Forms Import Templates
B Page~ - Queries Cabinets [3My Checkouts
Favorites Documents Geolocation Create Workflow
Q, Document Retrieval @, Search Results: 1 Document(s)
A Document Types and Groups &1 [
PROJ - Project Docs ~ Tcon Mame Type Date
4 PROJ - Program and Project Management = C] - =] - =]
2 PROJ - Public Affairs g [1] Project®: KA-3950-01 - Geology Report - Geology Report - 8/25/2017  PRO) - Structures & Geotech o)
- Doc Handle: 9949417 Sves

4 PROJ - Research
4 PROJ - Right of Way

=4 PROJ - Road Design

4 PROI - Structures & Geotech Sves
=, PROJ - Support Services

— .
s Find “Structures & Geotech
Services”

# Keywords and Date Range

Frem = To

Category

File Source

Official Record

Open the “Project Number”
menu

nisdiction

Project Mumber - Serial Number

Project Number - Stage

<@ D«D\«D«D«D .
&3]

Kansas

Subtype - Structures & Geotech Svcs Depariment of Transportation

[ «[]

Title

51

[ Envelopes @Document andle $ [B

0 L T .

Home Personal Favorites Custom Retrieval  Fle - . Fo
. Page- . Queries Cabinets [ My Checkouts

Favorites Documents Geolocation Create Workflow

Import Templates  Workflo

S, Document Retrieval @, Search Results: 1 Document(s)

A Document Types and Groups &l |

PROJ - Project Docs v Icon  Name Type Date
22 PRO - Partner Relations = [= - O] - O -
£ PROJ - Program and Project Management ,ﬁ\ [1] Project#: KA-3963-01 - Geology Report - Geology Report - 8/25/2017  PROJ - Structures & Geotech
25 PROJ - Public Affairs T - Doc Handle: 9949393 Sves

2 PROJ - Research

24 PROJ - Right of Way

& PROJ - Road Design

24 PROJ - Structures & Geotech Sves

£ PROJ - Support Services

PROJ - Surveys

8/25/2017

#A Keywords and Date Range €3]

From -l To -

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

Official Record EI
W

# Project Number

Project Number - Jurisdiction
KA

Project Number - Serial Number
3963

Kansas

Department of Transportation

Project Number - Stage

\(]1
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E O\ () [~] Envelopes |1 Document Handle [ ]
=] H -

2 PROJ - Right of Way

24 PROJ - Road Design

24 PROJ - Structures & Geotech Sves
= PROJ - Support Services

. Double-click on the “Bridge
A Keywords and Date Range ]

7 7 = Foundation Geology Report”
and it will open for you

ROJ - Surveys

Category
File Source

Official Record

«[t] « 1] «[r]

# Project Number

(D Query History -
Home Personal Favorites  Custom  Retrieval File Vie Forms Import Templates
- Page - - Queries Cabinets EM}'ChECkUUtE
Favorites Documents Geolocation Create Waorkflow
S, Document Retrieval 4, Search Results: 2 Document(s)
# Document Types and Groups {x I
PROY - Project Docs w Icon Mame Type Date
24 PROJ - Partner Relations [m] (=]
£ PROJ - Program and Project Management é [1] Project®: KA-3094-01 - Bridge Foundation Geology Report - Bridge PROJ - Structures & Geotech V16/2015
g: PROJ - Public Affairs T Foundation Geology Report - 6/16/2015 - Doc Handle: 9271906 Swes e
& PROJ - Research [1] Project™: Fo- oottt bl - PROT - structures & Geotech i
é Report - 4/29/2014 - Doc Handle: 6564833 WS 4/29/2014
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To find Geology Reports from an outside
computer:

https://www.ksdot.org

“Letting Information for Highway
Contractors”

“Exploratory and Project Reports”

Kansas

Department of Transportation




art of being a WOTKer tasked with stopping and Y
redirecting traffic for a highway closure is hearing complaints Kansas Highway Pothole
Kansas Highway Fothole
from motorists Reporting Informational Webinar

Read More..

KDOT announces Kansas airport improvement projects
January 28, 2020

= "‘ﬂ"{ Twenty-three projects have been selected for Kansas Airport
Improvement Program (KAIP) funding according to the
Kansas Department of Transportation.

by o iy
Read More..
Read More News DRIVE )
Traffic Safety S
For information about traffic Tolling Legislation: New
fatalities and traffic safety lanes, options to fund
YOUR KANSAS offorts
Legislation
Click the map to view information, news, and
projects specific to your area. Improving U.S. 89 Corridor

How Express Lanes Work

Letting Information for
Contractors
F

Working for KDOT

Current Openings
OTHER AVAILABLE VIEWS

Kansas

spei
District Areas | Metro Areas manuals, materials, -
highway flagger information Department of Transportation
and more.
HOME TRAVELER INFORMATION DOING BUSINESS INSIDE KDOT PROJECTS/PUBLICATIONS PUBLIC INFORMATION

KDOT'S CURRENT LETTING INFORMATION

AS OF THE MAY 2019 LETTING - KDOT FORM 259 (REQUEST FOR APPROVAL OF SUBCONTRACTOR) HAS BEEN
UPDATED. THE ONLY ACCEPTABLE FORM IS REVISION 04-19 AND MUST BE SUBMITTED IN EXCEL FORMAT.

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

* To submit letting/project related questions to KDOT and view the answers,
please either visit bidx.com or select Proposal Information.

Turner Diagonal Request for Qualification (RFQ)

Proposal Information (View Plans, Bid Specifications

Holders List, Non-Bid Holders List, View

Proposal Forms, Addendum, Early & Late Start Kansas Highway Wage Determinations
Dates)

Fuel Adjustment Price Index
Summary of Quantities & DBE Goal Percentages
Asphalt Adjustment Price Index

Exploratory and Project Reports
d R ! P Bid Item List

Earliest/Latest Start Date Archive

Pre-Qualified Materials (PQL)
Audio Broadcast of Bid Letting
As Read Bids (Last Letting)

Bid Tabs (Awarded Contracts)

Pre-Qualified Contractors Questionnaire
Pre-Qualified Contractors List

Information for Highway Contractors
Disadvantaged Business Enterprises

Highway Contractors' Help Terms
Kansas Turnpike Projects

Preliminary Plans & 3D Models

Kansas

Department of Transportation

Turner Diagonal Request for Qualifications (REQ
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® Search

TRAVELER INFORMATION

INSIDE KDOT PROJECTS/PUBLICATIONS PUBLIC INFORMATION

DOING BUSINESS

PROJECT LETTING

UsorName: [ |
Passwors: |

‘ Forgot Username\Password ‘

| TRAVELER INFORMATION | DOING BUSINESS | INSIDE KDOT | PROJECTS/PUBLICATIONS | PUBLIC INFORMATION | CONNECTWITH KDOT
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Reading the Geology Report is one of the first things
you should do on a piling project.

[t will describe the geologyof theéSitein oreat detail.
And it will warn yowabout any problems you might
have with stray hotld@is-atddayers-above our
bearing material; strange pile lengths, etc.

Kansas

Department of Transportation




IS0, we can damage piling if we
aren’t paying attention and
try to drive it into
hard bedrock

Kansas

Department of Transportation
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If you don’t
believe me,
ask the

inspector on
this project...




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

-—
d

—~
N
g

—

Never too busy to help inspectors....







The
Pile Driving
Formula
&
Problems with Dynamic
Formulas

||||||||||||||

List of the Formulas

» Standard Specifications; version July 2015

* Section 704

* Subsection 704.4 Construction Requirements
* Table 704-1 Pile Formulas

of Transportation




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

Kansas

Department of Transportation

List of the Formulas

TABLE 704-1: PILE FORMULAS
Hammer Pile Type Formula
Steel
Gravity Steel Shell P=3S W035H ( Ww J
Steel Sheet i (e
Air/Steam 2 W H
(Single Acting) kil Ty T s+0.1
Air/Steam 2 E
P=
(Double Acting) All Types S+0.1
- q p_16 W H
elmag an —
McKierman-Terry* Al Tipos S+0.1 (XW )
pe, L0 2
Link-Belt* All Types S+0.1 (X**j

*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§ I :
blows for air/steam or diesel hammers ansas
X = weight in pounds of the pile plus the weight of any cap and/or anvil used on the pile during driving Department of Transportation




Computer Version of the Pile Driving Formulas

* Field Pile Driving Guide
* Download from Forms War
* Search Form 217b :

Project,
5 |(Br. No.) and/or Sta

-ap and/er Anvil Weight “lbs Type of pile

Guide to COMPLETING the Field Pile Driving Guide - Form 2178
1 Allfermulas ctly ed in the cells.

xa

Kansas

Department of Transportation

Using the Pile Driving Formula

+ Piles should be driven to a minimum load of the
Pile Driving Formula Load listed in the plans

* For LRFD projects 110% of the Pile Driving Formula Load
will be the maximum allowed

Kansas

Department of Transportation




Determining Max. Capacity

« Pile Driving Formula Load listed is 55 tons

* Using the Pile Driving Formula, the minimum
bearing capacity needed is tons

* The maximum capacity the pile can be driven to is
55tons x110% =___ tons

Department of Transportation

f Transp

Determining Max. Capacity

Pile driving formula load listed is 55 tons

* Using the pile driving 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

ll(ansas

artment of Transportation




Pile Call Out

What do the numbers on H-pile represent?

* Size and Weight
* For H-pile HP10x42

* The 10 represents the width of the web in inches

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

* Calculate the weight of 35 ft. long pile

Class Problem using the Pile
Driving Formula For A
Diesel Hammer

P= __16WH
S +[0.1(X / W)]

10




Determining Pile Bearing

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

Pile Driving Formula 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

1.6 WH

5+ [0.1(X / W)]

Kansas

Department of Transportation
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Determining Pile Bearing

* 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 nlaced 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= 1.6 WH .

S +[0.1(X / W)]
W= Weight of Hommer Ram = 2820 pounds
H= Stroke of Hammer = 7.5 feet
S= Set per blow (3 inches/20 blows) = .15 inch
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 = 1.32

Kansas

Department of Transportation
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Determining Pile Bearing

W= ram weight = 2820 Ibs
H= stroke height = 7.5 feet
S= average set per blow=  .15inch P= Sl-l.-s[(‘)’Yll(-IX TW)]
X= Cap + Anvil + Pile weight = 3718 pounds
X/W =3718/2820 = 1.32>1.0
Pile Driving Formula load = 55 tons
P= 1.6 (2820 Ibs)(7.5 ft.)
0.15 +[0.1 (3718 Ibs/2820 Ibs)]
P= 1.6(28201bs)(7.5ft.) = 33840
0.15+[0.1 X 1.32] 0.15+.132
P= 33,8401bs =120,857 Pounds
0.28
P= 120,857 Ibs (Convert to tons)

2000 lbs
P=60 tons (Minimum Bearing Needed is 55 tons)

Kansas

Department of Transportation
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Class Problem

* You are inspecting a pile driving operation in which the contractor 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 in 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?

oP:

* P = bearing capacity in pounds
* H = height of stroke in feet,

1.6 WH .
S+[0.1(X/ W)]
W = weight of ram in pounds
S = set per blow in inches

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

Kansas

Department of Transportation
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Determining Pile Bearing

* 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= weight of anvil + cap + pile =311+1323+(50 X 53)
X =311+1323+2650 = 4284 pounds
* X/W =4284/3300 =1.298>1.0

* P=_(1.6)(33001lbs)(6.5ft.) . = 34,320
0.175 +[0.1(1.298)] 0.175 +.1298
* P=34,3201bs = 112,598.4252 pounds
0.3048

* P=112,598.4252 Ibs = 56 tons

2,000 lbs Kan sas

f Transp

15

Other uses of the Pile Driving
Formula

e Checking the size of the hammer

* Calculating the required set in 20
blows

Kansas

Department of

f Transportation
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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 specifications
(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 pile driving formula

* Your answer should be
* Pile Driving Formula Load < P < 110% of PDFL

Kansas

Department of Transportation
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Where to find an example

Bridge Construction Manual

Version Oct 2009(updated 5-21-13)

Chapter 5.3 Driven Pile

Section 5.3.6.2 Preparing to Drive Pile

Pages 19-20

Kansas

Department of Transportation
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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=

2690 + 1680 = 4370 pounds (X)
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

P= 1.6 WH
S+01(X/ W)

Kansas

Department of Transportation
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Determining Pile Bearing

* 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= 16 WH = (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<138,261123,200 pounds>1123,200 pounds
* 56 tons < 69 tons > 62 tons

However use caution as the Hammer is Capable Kansas
of overdriving the pile e tion

20




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 blows
needed to achieve bearing

Sas
f Transportation

it

Department of Trai
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.p- 16wn Calculating the required set in 20 blows
S+0.1(X/ W)

©S= 1.6 WH - 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

N

* This means that for the last 20 blows the pile should be driven down
3.2 inches (0.16 inch/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.

Kansas

Department of Transportation
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Problems with Dynamic
Formulas

K ansas
Department of Transportation

23

Problems with Dynamic Formula

* Dynamic formulas are based on physics and transfer of energy
with built in assumptions about the
* Driving System
 Soil Resistance
* Pile

Department of Transportation
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The Driving System

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

¢ Driving systems include many elements in addition to the ram such as
the anvil, helmet, hammer cushion, and pile cushion

* These components affect the hammer energy at and after impact
which influences the magnitude and duration of peak force

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

Kansas

Department of Transportation
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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

* This resistance is not equal to static soil resistance

* 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

Kansas

Department of Transportation
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The Pile

* The dynamic formulas assume a rigid pile
* Piles have flexure allowing them to penetrate the soil

* Pile also have elastic properties

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

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

Kansas

Department of Transportation
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Case Histories

* Let’s take a look at a few cases where dynamic formulas gave false pile
capacity results
* 2 outside of KDOT
 Various pile types

» Delmag and McKierman-Terry Formula (aka the Engineering News Record Formula
(ENR)

* PDA and static load test

« 2 KDOT projects
» Engineering News Record Formula
« PDA

Kansas

Department of Transportation
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Case 1

» 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

Department of nsportation

f Transp
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Case 1 Results

¢ Using end of drive data (stroke and set)

e The ENR formula predicted a pile driving formula
load of 153 tons

pile capacity of 462 tons
e Static test had a failure load of 475 tons

® Hence:

e The formulas significantly under predicted the pile
driving formula load and ultimate pile capacity

® Dynamic testing with PDA on re-strike gave an ultimate

Kansas

Department of Transportation
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Case 2

* 14 inch closed end pipe pile
* Pile Driving formula 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

Department of nsportation

f Transp
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Case 2

* End of drive data
* ENR formula predicted a design load of 245 tons
* 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

105 tons (210 tons/2)

* PDA re-strike testing nearly matches static load testing
« Assuming a safety factor of 2, capacity would be

Kansas

Department of Transportation
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Case 2

* |In this case:

* ENR formula over predicted the design load by more than 230%
» Over prediction partially due to soil relaxation

Department of Transportation

f Transp
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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

Kansas

Department of Transportation
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Case 3 Results

* End of Drive
* ENR Formula 73 tons (need 91 tons)
* PDA 185 tons (need 140 tons)

24 hour re-strike
* ENR Formula 93 tons
* PDA 207 tons

In this case:
* Pile Driving formula under predicted capacity by about 2.5 times

Again, the ENR formula underpredicted the pile capacity

Kan sas

Department of Transportatio
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Case 4 KDOT

* H-pile 10x42

* Driven through silty sand at south abutment of highway 400 over
Arkansas River

* Pile driving formula load 70 tons; 77 tons (max)
» Re-strike test 24 hours later

Kansas

Department of Transportation
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Case 4 Results

» End of Drive
» Bearing Formula 51.6 tons (need 70 tons)
* PDA 102 tons (need 107 tons)

e 24 hour re-strike
» Bearing Formula 69 tons
- PDA 170 tons

» Another case of pile driving formula underpredicting pile capacity

Kan sas

Department of Transportatio
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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
* 1 to 3 piles (2-5% of total piles)

* 51 to 100 piles in the bridge structure
* 1 to 5 piles (2-5% of total piles)

Kansas

Department of Transportation
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Pile Driving Formula

» The pile driving 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 splicing on more pile to drive

deeper
+ Can the pile set for a period of time and see what the bearing is after a
restrike
* Are there other pile drive records in the area for review Kansas

Department of Transportation

» Consult the Endineer in charae

39

Questions?

Railroad Steam Pile Driver 1912 KansaS

Department of Transportation
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Record Keeping
The Form 217

K ansas
Department of Transportation

fT e

Explanation of Forms

 Bridge Construction Manual
* Chapter 5.3 Driven Pile* Updated 5-21-13
» Section 5.3.8 Log of Pile Driving
» Page 26 through 36

* Forms Warehouse
* Form 217a & 271b (English and Metric both available)

l{ansas

artment of Transportation




Where To Find Form 217

« KDOTweb-forms warehouse
» Search for Form 217

« 217a is the form and 217a-1 is the instructions

K007 Forms Warehouse

g

9
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300000000660

Kansas

W] [<1[1]] []  Results perpage 25 ~ LA Department of Transportation
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Form 217

» Consists of 4 Sections;
» General Information
» Record Keeping
+ Continuous Log
* Summary

Kansas

Department of Transportation




General Information

Guide to COMPLETING and CLEARING the Log of Pile - Form 217

g s Civetiors b messred gt e et ot B8 * Fill out the green boxes

ft). The formulas use exactly what is entered in the cell.

2 Hoverthe mouse cursor over any red triangle to read information concerning what needs to be

entered in the cell. Referto the "Delmag Example" tab to view sample entry data. ° Th iS i nfo rm atio n Ca rri eS

3 The Workbook has been designed to automatically transfer the General Information on this

worksheet to each work sheet in the workbook. The Abutment and Pier No. have to be manually f d t I I f
entered on each work s, orward 10 all Torms

4 The Workbook contains one Log of Pile Driving sheet and one Continuous Log of Pile Driving
Sheet for each type of hammer. Use the appropriate worksheet, and create a separate alBlclDlelFlclabilolkl LImINlolrPlalrR s|Tlulviwlx]|v|z
worksheet for each abutment and pier:

a) Click on the tab of the sheet that you want to copy, tab should turn white.

b) Click on Edit

€) Click on Move or Copy Sheet ....

d) Place an X next to Create a Copy in the lower left corner of the window that opens.

€) Under the dialog box Before Sheet: click on the sheet you want your new sheet to appear.
1) Clickon OK.

Log of Pile - Form 217
General Information
(This information is common to all sheets in the Workbook)
Hammer Information I PROJECT INFORMATION
Go to "View" tab, "Arrange All", and hit "OK" in the window that pops up if you can not see colored tabs
for different hammers at the bottom of the screen.

wlw e ns w8 e

Type of Hammer Coun
5 Eachworksheet is Protected. The Tab key will take you to all open (colored) cells for data input. yp _— proi g
roje
6 .
The Log of Continuous Pile Driving and/or Test Pile is the \uwerpumr:m of the warksheet. This Hemmer (Ram) Weight ™ (Br. No.) and/or Sta
has been modified to allow for recording more than one Pile. To begin a new pile, simply replace 10 Tyoe of Pile
XXX with the starting depth under "From"” and the next measured length under "To". L L
11 Cap and/or Anvil Weight Ibs
7 Print the form as any other document. In the “Print” box that opens, under "Print Range" enter a 1 1 1 11 — LB
i N L o o ) 12 Plan Note Overdrive % %
1" in the "From" AND "To" boxes to print page one (or 2 "2" in order to print only page two) 3 3 = o |
- 2 13 Energy Rating ft-lbs Min. Bearing Required tons
8 Toenter a picture into the "Footing Sketch" area: begin with some type of electronic picture 1 T 1 T 7 T T
14 Max. Bearing Allowed tons

format (.gif, .jpg, etc.) saved to your harddrive, select the "Footing Sketch” cell, go to the "Insert”
menu tab, select "Picture”, navigate to where the file is saved, resize as necessary to fit within

the "antmg Sketch" cell.
9 _Ifamistake is made while entering data, simply enter the correct data over the incorrect data. B an S aS

Department of Transportation

General Information

» Type of hammer

» Type, brand, model & size 'y
» 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/burStructGeotech/ConstructionManual/pile.pdf

Kansas
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Hammer Info.

 Information from contractor
* Input this info. into form 217-aa
* Form 217-aa can be found
in the Forms Warehouse

Contract No.; 516022585

PILE AND EQUIPMENT DATA

235-87-21.64 (839)

. Structure Name and/or No.: 235-87-21.62 (838)

Project

1235-087 KA 3109-01 .
County s Sedgwick -~

HAMMER
: Pileco Model : :D19.42

Type : Single Action Diesel Hammer. Serial No._3196 .

Rated Energy : 42480 = @ Ft, Length of Stroke

Ram Weight : :4.015

Anvil Weight: 779

. CAP BLOCK.
Material : Steel Plate Weight : In Pile Cap t
Arca: 289Sq In

CUSHION

Cushion Material : MC904P Plasticized Bluo Nylon e
PILE CAP

Primary Helmet Weight : 1151 .
Drive-Head Weight : __890 =y

PILE
Pile Type : Steel HP 12x53 Length in Leads : Varies
Weight per Lineal Foot.: 53 .
Design Pile Capacity : "Varies 69 ta 80 Ton

Pile Driving Contractor : Dondiinger & Sons Const.

Kansas

Department of Transportation

Form 217-aa Pile driving and Equipment data

Notice to Contractors
Pile and Driving Equipment Data
Test pile/Test Pile (speciall Section 704, Divisian 700, 2007 Standard Specifications
Project No. County
Structure Name/Nc_

Contract No

pile Conuacter or

Manufacturer Model
2| e Serial No
el
=Z Rated Energy e Length of Stroke
B T )
£3 Fuel Setting
9 M
Material
Thicknes (incnes) ez n)
CAPBLOCK —
Modulus of Elasticity (E) (esi)
Restitution (€]
PILECAP
weignt o)

Material hrez in')
CusHioN Modulus of Elasticity (€} psi)
——— o e e e

Wall Thicknes (in) Taper
Cross Sectional Are )

Design Pile capaci ton)

Description of Spli

Material Arez (in)
CUSHION Modulus of Elasticity (€) {psiy
Coefficient of Restiwtion (e
Pile and Driving Equipment Data
Test Pile/Test Pile (Special), Section 704, Division 700, 2007 Standard specifications.
pile Type,
PILE Length (in |eads) i
Weight (per foot) (1)

sz

detail sheets including the weight and dimensions.

It 3 mandrel, or foliower, I5 USed to drive the pile, stach the manufacturers

Submitted by Date

One Copy Each Sent To:

___Bureau of Construction and Maintenance
__ Bureau of Design, State Bridge Office

_ Bureau of Materials 8nd Resedreh, Geology Section
—__ Project Engineer

Kansas

Department of Transportation




Now Back to
Form 217!

Kansas

Department of Transportation

General Information

» Weight of the Cap and/or Anvil
» Supplied by the contractor
* May be welded on, or listed on a plate on the hammer

» 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/burStructGeotech/ConstructionManual/pile.pdf

Kansas

Department of Transportation
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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

 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

11

General Information

* Minimum bearing required
* This is the Pile Driving Formula load
* Found on the Summary of Quantities and General Notes Page
* Do not confuse this with the design load

* Maximum bearing allowed
* 110% of pile driving formula load

l{ansas

artment of Transportation
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General Information

PILING: Drive all piling to penetrate or bear upen the Ogallala

formation. 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. |
Pier No. |
Pier No. 2
Abufment No. 2

As a minimum drive each pile to the load and penefratfion, but in
no case shall the pile be driven to more than 1107 of Pile Driving

79.3 Tons
145.3 Tons
145.3 Tons
79.3 Tons

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.

DESION DATA

DESIGN SPECIFICATIONS:
DESIGN LOADING:
HL-93

future wearing surface.

UNIT STRESSES:
Concrete (Grade 4.0)

f'c =
Concrefe (Grade 4.0)(AE) fo =
Concrete (Grade 4.00(AEXSW) e =
Reinforcing Steel (Grade 60) fy -
Steel Files fy =

LRFD DESIGN PILE LOAD:
Design Loading (Tons/File) Strength |
Abutments | & 2
Piers & 2

! 45...3

AASHTO Specifications, 2007 Edition and latest Interim
Specifications. Load and Resistance Factfor Design.

Design Dead Load includes an allowance of |5 psf for a

4 ksi
4 ksi
4 ksi
60 ksi
50 ksi

Phi
0.65
0.65

Service |
53.3
1o2.7

Kansas

Department of Transportation
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General Information

Log of Pile - Form 217
General Information
(This information is common to all sheets in the Workbook)
Hammer Information | PROJECT INFORMATION
Go to "View" tab, "Arrange All", and hit "OK" in the window that pops up if you can not see colored tabs
for different hammers at the bottom of the screen.

Type of Hammer D19-42 County Sedgwick
Project KA-3109-01
Hammer (Ram) Weight 4015 lbs (Br. No.) and/or Sta (838)/ 183+98.30
Type of Pile HP 12x53
Cap and/or Anvil Weight 1930 Ibs
Plan Note Overdrive % 1m0 %
Energy Rating 42,480 ft-lbs Min. Bearing Required 79.3 tons
Max. Bearing Allowed 87.23 tons

Kansas

Department of Transportation
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General Information

« After you fill out the “General Info” section you must determine the
type of hammer you will be using to calculate pile bearing
* Hammer type was provided from contractor

» This is important! There are specific bearing formulas for each

hammer type.
* Bearing formula is automatically entered based on type of hammer
used.
* This example is using a diesel hammer.
* You should choose the “Delmag & McKier-Terry” option, for diesel hammers

| |
[ Gravity (Steel) . Air-Steam (Sql) —_' Delmag & McKier-Terry Jmm‘ ansas
: E= N

of Transportation

16



General Information

Abutment Sedgwick

Project KA-3109-01

Type of Hammer D19-42 (Br. No.) and/or Sta (838)/183+98.30
Wt. of Hammer 4015.00 lbs Type of Pile HP 12x53

Wt. of Cap and/or Anvil 1930.00 lbs Min. Bearing Required 79.3 ton

Energy Rating 42480.00 ft-lbs Max. Bearing Allowed 87.23 ton
,y h . 1.6 W H
Number, Individual Length, Bearing Formula Used: STOL(X/W=
and Total Length of Pile: Footing Sketch (Please Complete h
Plan Cutoff Elev. (ft) = Yt
Wt. per foot piling (Ibs/ft): Ybs/ft
Type of Cushion Mat'l: N

Kansas

Department of Transportation
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General Information

 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
» Represents the location of the pile no. listed in the data section.

FOOTING SKETCH

=z

Kansas

Department of Transportation
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General Information

* Number, Individual Length and Total Length of Pile
* 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 @ 58 ft. and 1 test pile @ 68 ft.
« This will not change if driven length is different. Enter information
from plans (example below)

t+ Summary of Piling
Abutment No. | 4 @ 58-0';1 Test Pile (Special) @ 68-0"
Pier No. | 6 @ 60-0%/ Test Pile (Special) @ 600"
Pier No. 2 6 @ 60-0';1 Test Pile (Special) @ 60-0"
Abutment No. 2 4 @ 590"/ Test Pile (Special) @ 690" Kansas
Department of Transportation

19

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

* Provided by contractor

Kansas

Department of Transportation
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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

Kansas

Department of Transportation
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General Information

» Weight per unit length of pile
* For pre-stressed concrete
* Weight per length should be given in test report

« Or one can use a density of 150 Ibs/ft3 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.

Kansas

Department of Transportation
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General Information

Abutment 1 Pier ]
Type of Hammer D19-42
Wt. of Hammer 4015.00 Ibs
Wt. of Cap and/or Anvil 1930.00 Ibs
Energy Rating 42480.00 ft-1bs

4@ 58-0% 1 TesPile (Special) @

Number, Individual Length,
and Total Length of Pile:

Bearing Formula Used:

County Sedgwick

Project KA-3109-01

(Br. No.) and/or Sta (838]; 183+98.30
Type of Pile HP 12x53

Min. Bearing Required 79.3 ton

Max. Bearing Allowed 87.23 ton

Plan Cutoff Elev. (ft) = 3516.210 Tt
Wt. per foot piling (Ibs/ft): 53 Vibs/Tt T
Type of Cushion Mat'l: Plasticized Blue Nylon ¥ 234
Pile -5 g Varied Ac(uall Ordered | Spliced Actual % Lenth Pile Tip Stroke Averag‘e Camplfted &
=| = |Plan Cutoff|Length in| & After @ | Leftin (Drop of | Penetration| Bearing <
No.|Z| & | cuote | 2 ; Elev. N &
- Elev. Leads pi Drive g | Footing (inches) Power
Department of Transportation
23
= )
|2 Varied | Actual | Ordered | Spliced 2 | Lengmn I stroke | Aversge |Computed
Re c o rd Ke e p I n g l:f % g Plan Cutoff|Length in & After Ez::ﬂm Z | Leftin P::E:Ip (Drop of | Penetration | Bearing @“'g
e Elev. Leads |Accepted| Drive E Footing © |Hammer)| (inches) Power

Al 3/20( 1000.000 [ 30.00 25.00 5.25 24.75 8975.25 3.00 0.2500 771 High

a2 3/20 28.00 26.75 125 1 26.75 959.40 3.50 0.3000 71.3 oK

A3 (v 3/20 25.00 28.00 3.25 25.75 960.40 10.00 0.2000 100.0 High

jad 3/20 25.30 25.30 0.00 25.30 960.85 10.00 0.3500 66.7 oK

A5 3/20 25.00 25.00 150 23.50 962.65 10.00 0.2500 85.7 High

- 3/20 25.00 25.00 3.00 22.00 964.15 11.00 825 High

a7 3/20 25.00 25.00 170 23.30 962.85 9.50 71.3 OK

AE 3/20 25.00 25.00 170 23.30 962.85 10.00 66.7 OK

- 3/20 25.00 27.00 2.00 0.00 1 27.00 959.15 10.00 85.7 High

410 3/20 25.50 25.00 1.40 24.10 962.05 10.00 85.7 High

B1 3/20 52.00 52.00 1.90 50.10 936.05 10.00 85.7 High

B2 3/20 52.00 52.00 3.50 48.50 937.65 11.00 54.3 High

B3 3/24] 52.00 52.00 4.00 48.00 938.15 9.00 67.5 OK

B4 3/24] 52.00 52.00 5.00 47.00 939.15 10.00 75.0 High

BS 3/24] 52.00 54.00 2.00 0.00 1 54.00 932.15 10.00 66.7 oK

B& 3/24] 52.00 52.00 1.55 50.45 935.70 10.00 85.7 High

E7 3/24] 52.00 52.00 1.70 50.30 0935.85 10.00 85.7 High

B2 |v 3/25 75.00 55.00 23.80 51.20 53485 11.00 132.0 High

B9 3/25 52.30 52.00 1.0 50.40 935.75 11.00 94.3 High

754.10 [ 730.05 4.00 5240 585.70

« Computer generated.

* Record pile length to the nearest one hundredth of a foot (0.01 ft)

* Elevations are calculated to the nearest one hundredth of a foot (0.01 ft)

Kansas

Department of Transportation
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Record Keeping

E E b b E !
pile % M Varied Actuall Ordered | Spliced Actual é Leng‘llh Pile Tip Stroke Averagle Com pll.lled &
No. E 2 Plan Cuty Length in & Af.ler cutoft | @ Leﬂlln Elew. (Drop of PEI.'IElrElIDI'I Bearing q"}Q

- Elev. Leads d| Drive E 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 26.75 859.40 9.50 0.3000 713 oK
A3 |y 3/20 29.00 28.00 3.25 25.75 560.40 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
A5 3/20 25.00 25.00 1.50 23.50 962.65 10.00 0.2500 85.7 High
AB 3/20 25.00 25.00 5.00 22.00 964.15 11.00 0.5000 82.5 High
AT 3/20 25.00 25.00 1.70 23.30 962.85 9.50 0.5000 713 oK
AB 3/20 25.00 25.00 1.70 23.30 962.85 10.00 0.3500 66.7 oK
AZ 3/20 25.00 27.00 2.00 0.00 1 27.00 959.15 10.00 0.2500 85.7 High
AlD 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 B5.7 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
B5 3/24 52.00 54.00 2.00 0.00 1 54.00 932.15 10.00 0.3500 66.7 oK
B& 3/24 52.00 52.00 155 50.45 935.70 10.00 0.2500 B57 High
B7 3/24 52 .00 52.00 170 50.30 935.85 10.00 02500 B57 High
BB [y 3/25 75.00 55.00 23 B0 51.20 53485 11.00 01500 1320 High
B9 3/25 52 30 52.00 190 50.40 §935.75 11.00 02500 543 High
754.10 (§7350.05 4.00 62.40 695.70

Kansas

Department of Transportation

Record Keeping

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

* It 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

* can change as driving progresses if splices are made

Kansas

Department of Transportation




Record Keeping

* 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.

Kansas
27
Example 1
* 45 feet picked up to start.
« 15 feet spliced on and driven to achieve bearing.
» 60 feet = “Actual Length Placed in Leads”
Kansas
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Record Keeping

« 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 “Actual 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”

K ansas
Department of Transportation

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

* 4. Ordered and Accepted

2015 Specifications 704.4a

* The order list is the same as the estimated quantity
(number and length of piles) shown in the Contract
Documents.

[l(ansas

rtment of Transportation
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Record Keeping

* 5. Ordered and Accepted

* Typically, is the length the Engineer instructs the
Contractor to use

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

* But in situations the “Ordered and Accepted” length will
differ from the plans

K ansas
Department of Transportation

f Transy
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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

l{ansas

rtment of Transportation

32




Ordered and Accepted

-
pile g o |varied plan Actual- Ordered | Spliced Actual E leng_th pile Tip Stroke AvErag-e CDmpl-.ltEﬂ QE’
No. | B g Cutoff Elev. Length in & After Cutoff & | Leftin Flev. (Drop of | Penetration | Bearing ,§
K] . e . . &
F Leads |Accepted| Drive & | Footing Hammer) | (inches) Power
Al 3/20| 1000.000 30.00 25.00 525 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 71.3 OK
A3 |y 3/20| 23.00 28.00 3.25 25.75 960.40 10.00 0.2000 100.0 High
Ad 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
AB 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 713 OK
AB 3/20 a a 1.70 23.30 962.85 10.00 0.3500 66.7 OK
A9 3/20| I 25.00 27.00 2.00 0.00 1 27.00 959.15 10.00 0.2500 85.7 High
Al0 3/20 A 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 5.00 0.3000 67.5 OK
B4 3/24 £ - 5 5.00 47.00 939.15 10.00 0.3000 75.0 High
B5 3/24] I 52.00 54.00 2.00 0.00 1 54.00 932.15 10.00 0.3500 66.7 OK
BB 3/24] | — — 1.55 30.45 935.70 10.00 0.2500 83.7 High
B7 3/24] 52.00 52.00 1.70 50.30 935.85 10.00 0.2500 85.7 High
BE |y 3/25 75.00 33.00 23.80 51.20 934.95 11.00 0.1500 123.5 High
B3 3/25 52.30 52.00 1.0 50.40 935.75 11.00 0.2500 94.3 High
754.10 730.05 62.40 695.70

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

» 6. 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

Kansas

Department of Transportation
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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”

K ansas
Department of Transportation

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

« 7. 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.

[l(ansas

rtment of Transportation
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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

K ansas
Department of Transportation

f Transy

37

Record Keeping

8. 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.

[l(ansas

rtment of Transportation
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Actual Measured Cutoff

-
pile % o |varied plan Actual. Ordered | Splicefl Actual E Leng.th Pile Tip stroke Averag.e CDI‘I’IpI..ltEd e
] ' Length in & Afte 21 Leftin (Drop of | Penetration | Bearing (\q’
No.| %] © |CutoffElev. ) Cutoff || 4. ; Elev. ) Ty
= Leads |Accepted| Drivd Z | Footing Hammer] | (inches) Power
Al 3/20| 1000.000 30.00 25.00 5.25 24.75 975.25 3.00 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
Ad 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
AB 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 713 oK
A 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 1 27.00 959.15 10.00 0.2500 85.7 High
AlD 3/20 25.50 25.00 1.40 24.10 962.05 10.00 0.2500 85.7 High
B1 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
B3 3/24 52.00 52.00 4.00 48.00 938.15 3.00 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
B5 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 33.00 23.80 51.20 934.95 11.00 0.1500 123.5 High
B3 3/25 52.30 52.00 1.50 50.40 935.75 11.00 0.2500 94.3 High
754.10 730.05 62.40 695.70

Kansas

Department of Transportation

39

Record Keeping

* 9. Actual Measured Cutoff

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

* If the Contractor elects to use a longer pile than
was specified, the length in excess of the length
specified is considered “Non Pay Cutoff”

Kansas

Department of Transportation
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Record Keeping

 10. Splicing Cutoff on another pile

» The “Actual Measured Cutoff” from one pile may be spliced
in part, or in whole, to another pile.

* It 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.

Kansas

Department of Transportation

Length Left in Fo

undation

w
Pile é 2 Ac‘luall Spliced Actual %_ Leng‘lll‘l Pile Tip
No. E 2 Length in Af.ler Cutoff :,- Leﬂlln Elev.

- Leads Drive F Footing

Al 3/20 30.00 5.25 24.75 §975.25

A2 3/20 28.00 135 1 26.75 555.40

A3 [y 3/20 29.00 3.25 25.75 560.40

Al 3/20 25.30 0.00 25.30 960.85

AS 3/20 25.00 1.50 2350 962 65

AB 3/20 25.00 3.00 22.00 56415

AT 3/20 25.00 170 23.30 962.85

AB 3/20 25.00 170 23.30 562.85

AS 3/20 25.00 2.00 0.00 27.00 §59.15

AlLD 3/20 25.50 1.40 24.10 562.05
Bl 3/20 52.00 1.90 50.10 936.05
B2 3/20 52.00 3.50 48 50 937.65
B3 3/24 52.00 4.00 48.00 938.15
B4 3/24 52.00 5.00 4700 939.15
B5 3/24 52.00 2.00 0.00 54.00 932.15
BE& 3/24 52.00 155 50.45 935.70
B7 5/24 52.00 170 50.30 935.85
BE (v 3/25 75.00 23.80 51.20 534.85
B9 3/25 52.30 1.90 50.40 935.75

754.10 4.00 62.40 £95.70

Kansas

Department of Transportation




Record Keeping

* 11. Length left in foundation:

* Is 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 “Ordered and Accepted” length is equal to pay
length provided the new length is equal to or greater than the
plan length.

Kansas

Department of Transportation

43

Pile Tip Elevation

»
pile % o |varied plan Actual. Ordered | Spliced Actual E Leng.th pile Tip Stroke Averag.e Cnmpflted Q?’
No. | B g Cutoff Elev. Length in & After Cutoff 2| Leftin Elev. Drop of | Penetration | Bearing A
a . 4 . . L%
- Leads |Accepted| Drive = Footing lammer] | (inches) Power
Al 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 71.3 QK
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 0K
AB 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 1 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
B1 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
B5 3/24 52.00 54.00 2.00 0.00 1 54.00 932.15 10.00 0.3500 66.7 QK
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 50.20 935.85 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

Kansas
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Record Keeping

» 12. Pile tip elevation

* Is typically the “plan cutoff elevation” minus the length left in

foundation

* If battered piles are used, the batter needs to be taken into
account to determine the tip elevation

Kansas
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__ Stroke, Penetratilon, & Bearing

lKansas

of Transportation

»
pile E o |varied plan Actual- Ordered | Spliced Actual E Leng.th Pile Tip m‘e Averag.e Cnmpflted }
No # g Cutoff Elev. Lengthin & After Cutoff 9‘- Leftin Elev. (Drop of | Penetration| Bearing ,b(\

@ . = . . L

- Leads |Accepted| Drive & 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 26.75 955.40 9.50 0.3000 71.3 0K
A3 |y 3/20 29.00 28.00 3.25 25.75 960.40 10.00 0.2000 100.0 High
Ad 3/20 25.30 25.30 0.00 25.30 960.85 10.00 0.3500 66.7 QK
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 0K
AB 3/20 25.00 25.00 1.70 23.30 962.85 10.00 0.3500 66.7 QK
A9 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 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 0.2000 67.5 QK
B4 3/24 52.00 52.00 5.00 47.00 939.15 10.00 0.3000 75.0 High
B5 3/24 52.00 54.00 2.00 0.00 1 54.00 932.15 10.00 0.3500 66.7 0K
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 51.20 934.35 11.00 0.1500 123.5 High
B9 3/25 52.30 52.00 1.90 50.40 935.75 1.00 0.2500 94.3 Hi|

754.10 730.05 62.40 695.70
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Record Keeping

 13. Stroke or Drop of Hammer
» Observed by the inspector and recorded

* 14. 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.

» 15. 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 Kansas

Department of Transportation
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Record Keeping

» 16. “Totals” -- Total each column ] g [ | s 2 50 e
. 3 £ lengthin| & Aft | tettin P
no.[§| & |cutottElev, &0 | cutost ! Elev.

2 Leads |Accepted| Drive F | Footing
AL 3/20] 1000000 | 30.00 | 25.00 525 %75 | 97505
a2 3/20] 2800 | 2675 125 | 1| 2675 | 959.40
° “ACt I I th I d i I d ” a3 |y [ 320 29.00 | 28.00 325 2575 | 960.40
ua eng p ace n ea S A4 3/20) 25.30 | 25.30 0.00 2530 | 960.85
as 3/20] 2500 | 25.00 150 2350 | s62.65
A6 3/20 25.00 | 25.00 3.00 2200 | 964.15
A7 3/20 25.00 | 25.00 1.70 2330 | 962.85
A8 3/20| 25.00 25.00 170 23.30 962.85
“ ” A9 3/20] 2500 | 27.00 | 200 | 000 [ 1| 27.00 | 959.35
° Ordered and aCCepted A10 3/20) 2550 | 25.00 140 2210 | g62.05
B1 3/20| 52.00 52.00 1.90 50.10 936.05
B2 3/20] 52.00 | 5200 3.50 4850 | 937.65
B3 3/24) 52.00 | 52.00 4.00 43.00 | 938.15
B4 3/24] 52.00 52.00 5.00 47.00 939.15
« , 85 3/24] 5200 | 5400 | 2.00 | 0.00 [ 1| 5400 | 93215
86 3/24] 5200 | 5200 155 5045 | 935.70
* “Actual measured cutoff e —— =
B8 |y | 3/25 75.00 55.00 23.80 51.20 934.95
B9 3/25 5230 | 5200 150 5040 | 93575

113 H H ”
* “Length left in foundation
—_— —
[——=—_{| 75410 | 73005 62.40 695.70

Kansas
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Summary Section

Summary of driven pile from Record Keeping section

[ | | I | [ I |
S [ 75410 [ 73005 | 40 [ 240 [ [ 65570 ] [ [ [ =]

‘ FHEHCntract Line ltem Numher“"“"‘| u ‘
Total Accepted Length = 73005 £ Remarks:
Production Pile Pay Length = 61875 ft Pile AL thru A10 are normal pile
Test Pile Pay length = 7920 f Pile B1 thru B are battered at 15 degrees
Production Pile Pay Cutoff = TR Pile A3 and B8 are test pile
Non Pay Cutoff = 530 # Used 13.2 feet of B3 test pile non-pay cutoff to make pile B9
Test Pile Cutoff = 2325 f Used 3.8 ft. test pile cutoff B3 on B
3 unplanned splices made at to AZ, A9, BS
No. of Test Pile Pay Splices = 0 A9used 2 ft. of pay cutoff from Af to make elevation
No. of Pay Splices = 3 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=| 4.00 ansas Checked By:
Total Cutoff used for Splice=| 575 | 3.80 Ig ansas

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

Department of Transportation
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Summary Section

* 17. “Accepted Length”
* Equals the total from the “Ordered and Accepted”

column I I N R O RO N R
S [ 750 | 75005 | 400 [ 2&0 | | 6500 [T | [
J PR ontract Line tem Number™++++%] ij |
[ Total Accepted length= 73005 ft JRemarks
Production Pile Pay Lengthn = 6185 Pile AL thru A10 are normal pile
Test Pile Pay Length = 70 f Pile B thru BY are hattered at 15 degrees
Production Pile Pay Cutoff = 2430 #t" Pile A3 and B are test pile
Non Pay Cutoff = 530 # Used 13.2 feet of B8 test pile non-pay cutoff to make pile B9
Test Pile Cutoff = 825 # Used 3.8 ft. test pile cutoff B8 on B9
3 unplanned splices made at to A2, A9, BS
No. of Test Pile Pay Splices = 0 A9 used 21 of pay cutoff from Af to make elevation
No. of Pay Splices = 3 B3 used 2 ft, brom B3 to make elevation
CUTOFF ADJUSTMENTS] Reg Y Test | Inspected By: y

Non Pay Cutoff used for Splice=| 175

380
Pay Cutoff used for Splice=| 4.00 ansas Checked By: §
Total Cutoff used for Spliece=| 575 | 380 ansas
Al

Refer to 704.4 Measurement and Payment Department of Transpartation  Submitted By: Department of Transportation
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Summary Section

18. “Non-Pay Cutoff” W

| | | | [ | |
S [ 7510 [ 7305 | 200 [620] |60 ] = \ =
. . | I ntract Line ltem Number‘"‘""‘| n ‘
* Represents the length of pile in excess Of  wssdiogn:_ 70 . ferais
L Production Pile Paylength= 61875 ft Pile A1 thru A10 are normal pile
the |ength Spec|f|ed and was cutoff TestPilePaylength= 7920 ft: Ple Lt B are batered at 1 degrees
Production Pile Pay Cutoff = 430 f Pile A3 and BB are test pile
( Won Pay Cutar = 530 1 JUsed 13.2feet of B test pile non-pay cutoffto make pile B9
Test Pile Cutoff = 2325 f Used 3.8 ft. test pile cutoff B3 on B
13 H i
° Equals the ACtua| Measu red Cutoff’ _ _ Junplanned splices made at to A2, A9, B3 _
No. of Test Pile Pay Splices = 0 AJused 2. of pay cutoff from A6 to make elevation
H 4 ’ ices = :
Column minus any Pay Cutoff’ No. of Pay Splices 3 B5 used 2 ft. brom B3 to make elevation
CUTOFF ADJUSTMENTS] Reg 1 Test | Inspected By: y
Nan Pay Cutaff used for Splice =|
Pay Cutoff used for Splice =| E Checked By: N
Total Cutaff used for Splice =| ans as
Refer to 704.4 Measurement and Payment Department of Transportation Submitted By: )

Kansas
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Non-Pay Cutoff used for Splice,
Pay Cutoff used for Splice, &
Cutoff used for Splice

| | | | || | | | | | |
S | [ 75210 [ 73005 | 200 | 6240 | | 68500 | | | | =]

‘ FHEFFEContract Line Item Numher‘"‘“‘*“ 7 ‘
Total Accepted Length = 73005 ft Remarks:
Production Pile Pay Length = 61875 ft" Pile A1 thru A10 are normal pile
Test Pile Pay Length = 7920 " Pile B1 thru B9 are battered at 15 degrees
Production Pile Pay Cutoff = 2430 ft° Pile A3 and B8 are test pile
Non Pay Cutoff = 530 f Used 13.2 feet of B8 test pile non-pay cutoff to make pile B3
Test Pile Cutoff = 2325 #t Used 3.8 fi. test pile cutoff B8 on BS
3 unplanned splices made at to A2, A9, BS
Mo g Test PIIe Pay SpICES = 0 AT Use . 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 7 Test | Inspected By: Y
Non Pay Cutoff used for Splice=| 175 | 3.80
Pay Cutoff used for Splice=| 4.00 Checked By: |
Total Cutoff used for Splice=| 5.75 | 3.80 a ]Sas
@ferlo 704.4 Measurement and Payment |)L‘|\-Illmt‘ly " Transportation  Submitted By: Y

Kansas
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Summary Section

* 19. “Non-Pay Cutoff Used for Splice”

* Is 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

e I I 75210 } 73005 I 400 } 5240 I I 535,10 } I I I =]
"""" Contract Line [tem Number®***##5%4] 1] ]
Total Accepted Length = 73005 ft Remarks
Production Pile Pay Length = 61875 ft Pile A1 thru A10 are normal pile
Test Pile Pay Length = 7920 " Pile B1 thru BY are battered at 15 degrees
Production Pile Pay Cutoff = 2430 ft° Pile A3 and BS are test pile
Non Pay Cutoff = 530 ft Used 13.2 feet of B8 test pile non-pay cutoff to make pile B3
Test Pile Cutoff = 23.25 ft Used 3.8 ft. test pile cutoff BE 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
MNo. of Pay Splices = 3 B5 used 2 ft. brom B3 to make elevation
CUTOFF ADJUSTMENTS| Rez | TJest Inspected By:

B
r Non Pay Cutoff used for Splice=| 175 m.
Pay Cutoif used for Splice=[ 4.00 Checked By: Y
Total Cutoff used for Splice=| 575 | 3.80 ans as anSaS
\

Refer to 704.4 Measurement and Payment Department of Transponation  Submitted By: Department of Transportation
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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”

Kansas
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Summary Section

» 17. Pay cutoff used for splice

* Is 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”.

* If came from different location, the first report will
need to be amended to track pile cutoff to new K
location. Inansas

f Transy
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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”

[l(ansas

rtment of Transportation
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Example 10 continued

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”.

K ansas
Department of Transportation

f Transy
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Summary Section

« 18. “Cutoff Used for Splice”

» Equals the “Non-pay Cutoff Used for Splice” plus “Pay Cutoff
Used for Splice”

l{ansas

rtment of Transportation
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Number of Pay Splices, Pay Length, & Pay Cutoff

I — | | | | (- | | | |
S | 75210 [ 73005 | 400 | 6240 | 690 ] \ | \ =

‘ #HtE+Contract Line ltem Numher'**'**‘**| 7 ‘
Total Accepted Length = 73005 ft Remarks
Production Pile Pay Length = 61875 ft' Pile Al thru A10 are normal pile
Test Pile Pay Length = 79.20 Pile B1 thru B9 are battered at 15 degrees
Production Pile Pay Cutoff = 2830 ft" Pile A3 and B8 are test pile
Non Pay Cutoff = 530 ft Used 13.2 feet of B8 test pile non-pay cutoff to make pile B3
Test Pile Cutoff = 2325 ft Used 3.8 ft. test pile cutoff B8 on BY
3 unplanned splices made at to A2, A9, BS
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 W Test 1 Inspected By: Y
Non Pay Cutoff used for Splice=[ 175 | 3.80
Pay Cutoff used for Splice=| 4.00 Checked By: ‘
Total Cutoff used for Splice=| 5.75 | 3.80 ansas
RafaciaZ0d0 bandBay Defartment of Transportation  Submitted By: i

Kansas
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Summary Section

* 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

Kansas
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Summary Section

« 20. “Pay Length”

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

column

 21. “Pay Cutoff’ equals the

“Actual Length in Leads”

H 13 H H ”
minus  “Length Left in Foundation
H “ )
minus  “Test & Non Pay Cutoff
l&u of Transportation
61
L] | I ] I ] |- | | | ! | |
[ [ 75410 | 73005 | 400 | 6220 | | 695.70 | [ [ [ =]
#33¥355 ¥ Contract Line ltem Number*#* #3533 27 |
Total Accepted Length = 73005 ft Remarks: \
Production Pile Pay Length = 618.75 ft Pile A1 thru A10 are normal pile
Test Pile Pay Length = 79.20 ft Pile Bl thru BY are battered at 15 degrees
Production Pile Pay Cutoff = 2430 ft Pile A3 and B8 are test pile
Non Pay Cutoff = 530 ft Used 13.2 feet of B8 test pile non-pay cutoff to make pile B9
Test Pile Cutoff = 23.25 ft Used 3.8 ft. test pile cutoff B8 on BS
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 ADJUSTMENTS[ Reg | Test | Inspected By:
Non Pay Cutoff used for Splice=| 175 | 3.80
Pay Cutoff used for Splice =
Total Cutoff used for Splice=| 575 | 3.80

Refer to 704.4 Measurement and Payment

Department of Transportation  Submitted By:

Kansas o= —
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Summary Section

« 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

 ¢. 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 Kansas

f Transy
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Continuous Log Section

* Just below the Summary Section.
» Used for Test piles when required.

Total Average Computed |Computed
Pile |Length Driven Number of Blows Drop of Hammer Penetration Resistance vs.

Length | From| To (Blow Count) (Stroke) (ft.) (in.) (tons) Specified

0.00

Pile No.

Kansas

Department of Transportation
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Log of Continuous Pile Driving and/or Test Pile Sheet

T i T T
Refer to 704.4 Measurement and Payment k d By: R
County Riley

Abutment 1 Pier Project K-XXXX-01 (103)

(Br. No.) and/or Sta (103) 10+513.17

s | Total Average Computed |Computed

j pile |LengthDriven|  Number of Blows Drop of Hammer Penetration | Resistance vs.
_& | tength [ From] To {Blow Count) (stroke) (ft.) (in.) {tons) | specified
A3 | 29 [125] as0 7 3.00 5.57 16 Low
A3 29 450 | 7.00 10 3.00 3.00 29 Low
a3 | 29 |7.00]1100 10 3.00 4.80 18 Low
A3 29 11.00| 1450 10 3.00 4.20 21 Low
A3 | 20 |1a50] 17.00 15 3.00 2.00 43 Low
A3 29 17.00| 19.00 15 3.50 160 6.2 Low
A3 29 19.00| 20.00 20 3.50 0.60 15.0 Low
A3 29 20.00| 21.00 23 3.50 0.52 169 Low
as | 29 [2100] 2200 23 3.50 0.52 16.9 Low
A3 29 22.00( 23.00 24 4.00 0.50 200 Low
a3 | 29 [23.00]24.00 25 4.00 0.48 20.7 Low
A3 29 2400 2450 22 450 0.27 365 Low
A3 29 24.50| 25.00 23 4.50 0.26 37.5 Low
A3 29 25.00| 25.25 26 475 0.12 648 Low
A3 29 25.25| 25.60 27 475 0.16 548 Low
A3 29 25.60| 25.80 20 5.25 0.12 716 Ok
A3 | 29 [25.80
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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
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When filling out the
“Log of Continuous pile driving”

* 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)

* 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
Kansas
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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 0 to 16 feet

* After pile is set, record 1 foot increments

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

[l(ansas
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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

K ansas
Department of Transportation
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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

* 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

Department of Transportation
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When filling out the
“Log of Continuous pile driving”

« f. Under the last entry (the fractional increment)
Record: 1. movement in the last 20 blows (.55 ft)

2. average penetration per blow (0.33 in)
3. the associated bearing (69.8 tons)

64 Abutment 1 Pier Praject K-XXXX-01 (103)
365 (Br. No.) and/or Sta (103) 104513.17
b1
Jl 87 5| Total Average Computed | Computed
68 2| rile | LengthDriven | Number of Blows|  Drop of Hammer Penetration | Resistance vs.
169 E |rength [ From | To {Blow Count] (Stroke) {ft.) lin) {tons) Specified
o 70 as | 253 [ 150 | 450 10 6.00 3.60 4.9 Low
kAR 253 | 450 | 700 15 6.00 2.00 8.6 Low
o 728 253 | 700 [ 1100 20 6.50 2.40 7.8 Low
73 |a 253 [ 1100 | 1450 20 7.00 2.10 B Low
74 |A 253 | 1450 | 17.00 20 7.50 1.50 1e1 Low
75 |A 253 | 17.00 | 19.00 20 8.00 1.20 18.5 Low
76 |A 253 | 19.00 | 2000 20 8.50 0.50 36.4 Low
77 | 253 | 2000 | 2150 20 8.50 0.30 5.5 Low
| 78 A 253 [ 2150 [ 2250 20 9.00 0.60 38.6 Low
80 [aa | 253 | 2315 | 2370 | 20 | 10.00 | 033 | sss | ok | Ka,nsas
I ’ I I ! ! Department of Transportation
i v BT m— — i i i i i
5
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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

Kansas
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Abutment 1 Y Pier -} County Riley
Project XXX-01 (103
Type of Hammer D-19 (Br. No.) and/or Sta (103) 104513.17
Wt. of Hammer 3750.00 Tbs Type of Pile 1253
Wt. of Cap and/or Anvil 420.00 Ibs Min. Bearing Required 65 ton
Energy Rating 42480.00 ft-1bs Max. Bearing Allowed __ 73.7 __ ton
9@25=2258@ 52=416bar. 1.6 WH

Number, Individual Length, Test1@ 24 Bearing Formula Used:

and Total Length of Pile:

1@55
Footing Sketch (Please Cs

Completed Form 217

Contract Line Item Number [

Plan Cutoff Elev. (ft) = 986.150 “ft ———
Wt. per foot piling (Ibs/ft): 53 Ibs/TE M R A M Total Accepted Length = 732.25 ft Remarks:
g ol @ Production Pile Pay Length = 622.65 ft'  Aare normal, B are battered pile. A3 and 88 are Test File
Type of Cushion Mat'l: ] —_— Test Pile Pay Length 7700 _ft' 3 paysplices made; tops of A2, A0, and B5
nctval | Orderea] Spiced 2] Lengen soore | Average | computed Production Pile Pay Cutoff = 1985 ft' _lunpaid splice made to pile BL 3 Splices require special inspection
. Acwal | & | pile Tip ” N & Nen Pay Cutoff 310 ft A2 used 0.25' pay cutoff and 2.5' Non-pay cutoff from pile AL
lengthin & | After | o || Lefein " | (romof | Penetration | Bearing | oo Test Pile Cutoff = 520 it AlDused 2.0 of pay cutoff from AG to make elevation
Leads |Accepted| Drive & | Footing Hammer| (inches) | Power I
B5 used 2.0' of pay cutoff from B4 to make elevation
zgg 32‘; — Zg: - ij;: ::;:: :g g:m ;ig g: No. of Test Pile Pay Splices = o B1 used 2.5' of pay cutoff from B2 to make elevation
= = 3535 58035 B — 00 or No. of Pay Splices = 3 13.8' of test pile cutoff from B8 used to make pile B9
2530 7 .00 2530 | 960,85 | 6.2 1500 750 | High L S S U T R —_—
= = T e e CUTOFF ADJUSTMENTS| Rez Inspected By |
FENT 00 7220 | 963.85 2000 650 oK Non Pay Cutoff used for Splice =| 2.50
2500 | 25.00 170 2330 | 96285 | 625 | 0.1750 662 oK Pay Cutoff used for Splice =| 6.75 Checked By: |
2500 | 2500 170 2330 | 96285 | 650 | 0.2000 550 3 Total Cutoff used for Splice =[ 925 | 13.80
2500 | 2500 140 2360 | 96255 | 625 | 01750 632 ok Refer to 704.4 Measurement and Payment Submitted By
2500 | 2700 | 200 | 000 | 1| 2700 | 96050 | 650 | 0.2000 550 oK
County Y

5100 | 5350 | 250 | 000 5350 | 93265 | 800 | 02500 586 | OK Abutment 1 Pier Project_ K-XXXX-01(103)
5200 | 5200 350 4850 | 93765 | 825 | 0.2500 707 oK (Br. No.) and/or Sta 03) 104513.17
5200 | 5200 2.00 2500 | 93815 | 850 | 02500 729 oK T
5200 | 5200 5.00 4700 | 939.15 | 825 | 0.2500 707 oK

0| 54, 200 | 000 1] 52 83215 2750 661 oK

0| 52 55 %5 | 8357 50 .2500 7 ok

D0_| sz 70 30 | 9358 3 2750 66 oK

0| 55 3.80 0 | 939 ; 2000 8L Figh

50 | 52 50 20 | 9357 z 2750 560 oK

Department of Transportation
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Form 217 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 bottom of the window, go to
"View" tab, "Arrange All", and hit "OK" in the window that pops up.

{This infarmation is common to all sheets in the Workbook)

Hammer Information PROJECT INFORMATION

County
Project
"las (Br. No.) and/or Sta

Type of Hammer

Hammer Weight

Cap and/or Anvil Weight los Type of Pile
Energy Rating " ftlbs Plan Note Overdrive % Yo
Min. Resistance Requiredl éoms
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 to read information concerning what needs to
be entered in the cell. Referto the "Delmag Example" tab to view sample entry data.

Kansas
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Form 217 B-the chart-make before you begin to

drive

ile

Delmag &rry (Diesel Hammer)
Ssummary Formula Entry Data
Hammer Wt. Ios Weight per foot of Maximum
Cap/Anvil Wt. Ibs 16-W-H piling (lbs/ft): Ios/ft. Hammer Drop
— _Le W H — -
pile Type X+ Length of Pil feet
Min. Res. tons S+0.1- | X: Ios Minimum
Max. Res. tons hd Minimum "S' inches/blow Hammer Drog
Maximurm 'S inches/blow s
FieldBlow count: | 20 |
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)
¥
2
Calculated Bearingis | -
HIGH p
Calculated Bearing is E
GOoD £
H
£
Calculated Bearing is | 6
Low &
&
1.000
3 Iz Tz = |os00 +——— @ Min. Bearing
k] i< i -» 0890 - = - —m-Max.Bearing
] - - o0 - &
Qg R e
33 5 B S osoo 25
23 2z I
3é 3é > o 2R
5 fe £t o |os00 - £
: g i Slom |3
] E E 0200
z - S= e
5 g3 1z |00
£3 z
2| 53 ] S (000 RTETER, R R
s 23 s e a0 20 40 50 50 100
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Form 217 B-the chart-make before you begin to
drive pile

Delmag McKi Terry (Diesel Hammer) Example
Summary Formula Entry Data

Hammer Wt. 4200 lbs Weight per foot of Minimum
Cap/Anvil Wt 380 Ibs 1.6-W-H piling (Ibs/ft) 42 Ibs/ft. Hammer Drop
pile Type P ﬁ Length of pile: 52.3 feet 4 ft.
Min. Res. 60 tons $+0.1 ‘ ~ X 3177 lbs Maximum
Max. Res. 90 tons ) Minimum "s": 0.000 inches/blow  Hammer Drop

Maximum "S": 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 | 2.000 [ 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 | 0.2p0 | 0.250 | 0.300 | 0350 | 0.400 | 0.450 | 0.500
Drop of Hammer (strake (ft.) Computgd Resistance (tons)
gl 0 134 [ o0 | 67 | 52 4 38 32 a0 27 24 22
2 2 155 13 | 77 | 62 | s 44 33 38 31 28 2%
Calculated Bearingis | £] 5.2 75 16 | &7 | 70 Based ona hammerdrop of around 6.0 ft.
HIGH e[ s 195 130 97 | 78 | Based on araund4 inchesof penetration in
= 6.4 215 143 108 86 72 the last 20 blows.
Calculated Bearing is E 7.0 235 157 118 94 78 || Bearing| hinacceptable range: it is
5T E s 255 10 128 102 | g5 || between6Ston and72 ton.
£ 82 276 184 138 110 92 S T2
Calculated Bearing is % 8.8 236 197 148 118 99 34 74 43
Low HIEEE 316 211 1% 126 105 90 | 79 53
S 100 33 224 168 134 112 95 | 84 | ss
10.000
2.0 5 2480 BE R ¢ Min. Bearing
4.6 = 3.152 e 1435 |- #-Max. Bearing
5.2 & 3.824 S gl s |-
5.8 g ! 4456 5 E| 231 |-
6.4 < 1168 TE| 2 >

Drop of Hammer "H" in feet.

Wiinimum Bearing is achieved if penetration is LESS than 2
numberbetween 4.496" and 5.168". 4" is less, s0 OK.

Maximum Bearing ot exceeded if penetration is MORE than a
331" and 2.779". 4" is more, so OK.
Graphically, to the right, the penetration per 20 blows of sbout
4" with 2 hemmer dropof 6 fectis in the acceptable range.

Drop of Har‘kmer (i)
40 . 80

100 120
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Welded Pile
Splices
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Standard Pile Details
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Standard Pile Details

e sy

] apprwal of the Engineer.

thod of attachment of pile to build-up may be by any of the

fhods® given in the notes on "Alfernate Methods. If mild reinforcing
el is used for attachment,the area shall be no less than that used
the build-up.

TERNATE METHODS: Method of atftachment of a pile to build-up
y be by any of the following methods:

Cut off af least 20" of pile and expose a minimum of 2-0°
sfrands.

Cast 8-*6, or 8-*5 bars (equally (spaced info pile head.

bars shall extend info pile head and project from pile

3d g minimum of 2-C",

Drill 8 holes in pile head (equally spaced) for installation of 8
wted dowel bars of same size and length as in 2.

Provide cored holes for bars as in 3.

bars or strands are fo extend from head of pile or build-up
o footing or pile cap unless approved by the Engineer.

EST PILES: Drive test piles where called for on the bridge plans.
he fest piles located within the limits of the substructure will
wcome a part of the bridge pile system.

RIVING FORMULA: Driving formula shall conform fo the Standard
oecifications.

EASUREMENT AND PAYMENT: Measurement and payment for all
les shall comply with the Standard Specifications.

he following items are covered in Division 1000 of the
tandard Specifications:

EINFORCEMENT : Use reinforcing steel conforming fo ASTM
515, Grade 60. Hoops and spirals may be either plain or
sformed bars.

RESTRESSING STEEL: Use uncodated seven-wire stress relieved

Transpanarmn The fa{lm.'.r;g. ifems are covered in Division 700 of
the Standard Specifications:

CONCRETE: Concrefe for cast-in-place shall be f'c = 3,500 PSI..
Concrete for presfressed shall be f'c = 5,000 PSI.

p—
WELDING: All field welding shall meet the requirements of fhe

Standard Specifications.

Use only Shielded Metal Arch Welding SMAW (stick welding) for
pile splices.

Use only low hydrogen E70I8, TOI6, or 7015 series welding rod
(electrode) for all welding applications during pile splicing. See
General Notes or proper storage of welding rod. welding filler
rod (electrode) for field welding of splices.

New electrode are fo be purchased for each KDOT profect. The
electrode shall arrive on the project in factory hermetically sealed
containers opened and labeled with indelible ink in front of the
engineer. The label shall include the current date and the pro Ject
number. If the container seal is questionable or shows signs of
damage the electrode is fo be dried in an oven at least one hour
af a temperature of 7TO0°F to 800°F.

Upon removal from intact hermetically seafed factfory packaging or
the drying oven the elecirode is to be placed in a sforage oven
with @ minimum femperafure of 250°F.

When electrodes are removed from the hermetically sealed confainer
or storage oven and exposed fto the atmosphere for less than 4
hours place into the sforage oven for af least 4 hours before
removing for use.

If electrode is exposed to the atmosphere for 4 hours or more
(or 9 hours for moisfure resistant electrodes designated with an
R in their labeling) then electrode can be dried in a drying oven
at g temperature of 450°F fo 550°F.

If the electrode is exposed fo the afmosphere for 4 hours or more
a second fime or the rod becomes wet discard rod.

'7 éow relaxation prestressing strand conforming to ASTM A4I6, Gr.

CAST-IN-PLACE SHELLS: Steel shelis for cast-in-place piles
shall conform fo the requirements of the Standard Specifications.
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Pile Splice Details

— HPI4xI17 16 FACSIMED2ING D1 CLL: VOB UIUUIEU SEVEIrwIl e SITess | elreved
| | or low relaxation presfressing sfrand conforming to ASTM A4I16, Gr.
270.

CAST-IN-PLACE SHELLS: Steel shells
shall conform te the requirements of the

RESTRESSED

RETE PILES SPLICES: Spiices for steel piles and shell piling shall be in accordance with

details shown on this sheet and the Standard Specifications. RT

+

For integral pile bent abutments and piers, if a pile splice is required, do
not locate the pile spiice within a region extending 2'-0" above and 10-0"
below the botfom of the concrefe web wall. For abutments, locafe the pile
splice df least 10'-0" below fop of fill.

. . With the approval of the Engineer, one splice per bent may be allowed in
h n weld

fon o bevels, produce clean, || e réglon described above without festing. If additional splices are Pipe_Sectlon

around the splice weiding anticipated, based on the geology, the Contractor prior

fo driving, will locate the splice so that the splice

will not fall within the regions described above. ' RT RT ¥
welding rod (electrode) for 86 A 86
ile splicing. See General Notes V)
pd. t For integral pile bent abutments and piers, if @ i N
m beveled side of splice. splice is located within the regions described above, Lg
eled side of spii then the Contractor will fest the welds by Cope regions
opposite of roof welding Radiograph (RT) fest methods. Repair and refest B6
e all foreign materials, any welds not passing the fesi(s). Each weld tested
I root weld. Finish welding will have writfen confirmation of results. Report H-Plle_Section
be. these resulfs fo the Engineer. This work is not RT—*
id for directly, but is subsidiary to *Piles".

he splice white removing stag. || irectly.
ind inclusions in between S o <
- may be needed. 8 0 1o Y’ S *

X
5 been correctly placed in all o e
or convex surface with no * Minimum as required o o=
fon of the final welds. by welding process. =~ =7

Section thru Flange Section A-A
BG = Backgouge (Thru web)

PILE SPLICE DETAILS

All pifes driven without a mandrel s1
i shown. Files driven with a

lsufficient strength and thickness fo wit
injury and to resist harmful distortion ¢
s0il pressure affer the mandrel is remov
Remave, replace or correct to the sa
W mproperly driven, broken or otherwise d
0therwise drive an additional pile af no «

The Contractor shall maintain a ligh
inspection of the pile on the Job at all ti
lduring the filling of the pipe.

ISTEEL PILE: Steel pile shall conform fo
|Standard Specifications.

IPILE POINTS: Pile points shall conform
land fo requirements of the Standard Si

\PAINT: All paint shall comply with the St
las specified on the plans.

MILL TEST REPORTS: Steel piles tesf r
ltest reports shall comply with the Stande

3
2z
1

(W0, | DATE
KANSAS DEPART

Br. No. 24-44-383.
STANDAI

Prol. 24-44 KA-5|

o

KDOT Graphics Certified

Kansas

Department of Transportation

Meaning

Weld Symbology

Solid Flag pointing away from work area

* Field Weld Symbol

.

Half circle
. . Crype rsgf:m|f_

* Filled is: Melt Through
» Unfilled is: Backing or Backgouge

*Single Bevel Grove: ]

*Double Bevel Groove:

Kansas

Department of Transportation




Weld Symbology Details

wowsoe | S | | —— —
Single Square Groove Single Bevel Groove
| [ W X
Single-V Groove Double-V Groove
- —H %\ LH
ar '
- BG

Web? Flange?

Dla(ansas




Web? Flange? |

Cope regions /

K ansas
Department of Transportation

fT e

11

[ Il ] [ I/ il IC ]
[ N ] | X | | |
Single-V Groove Double-V Groove Single-J Groove

Welding Details

uuuuuuuu

SQUARE
Arrow Side R

S~

—/\—/
e
K

l{ansas

artment of Transportation
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What NOT to do

Department of Transportation
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Closed End

Using Conical Points

Kansas

Department of Transportation

20




Typical KDOT Pipe Pile Plate

Flat Closure Plate

21

Questions?

Ja(ansas

rtment of Transportation

22



AR

i

Test Piles

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

Kahs{?s‘

Department of Transportation
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Department of Transportation

KDOT pays for piling which
becomes “extra” because of
~ test pile information. Itis the

Department of Transportatiof




a continuous log of driving

What You Have To Do For a
Test Pile 1

Avoid delays once driving has
started

Finish driving the test pile in one
day unless you need to do a
restrike




Uh-Oh....

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

Call the Regional Geology Office for help

Pile Restrike Procedure from 704.4 (e)

Wait overnight
Warm up hammer far from test pile

Immediately restrike test pile for 30 blows or until it
moves 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

Calculate resistance based on average penetration
for 5 blows

Pile Restrike Procedure 1

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




Pile Restrike Procedure 2

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

Tell your boss how the test
pile went




Test Pile (Special)

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

Test Pile (Special)

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

(785) 291-3861

Forward him the hammer data when
you get it from the contractor.

K ansas
Department of Transportation




You are to contact the Topeka
Geology Office (John) a minimum of

5 working days before the Test Pile
Special.

(785) 291-3861

What to
Expect When
You’re
Expecting
John...




Test Pile (Special)

We Will Need Beforehand:

Hammer type and size

Pile type, size, and grade
Test pile locations

Cut-off elevations

Plan design pile tip elevations

If pile bents, the bottom of web wall
elevation Kansas

Remind the
contractor that a
restrike is

with a
Test Pile
(Special).
This may be an
overnight
restrike.

Kansas
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Test Piles (Special)

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

Ground elevation at each test pile location

Maybe whiskey and beer, depending # “
on how it goes...

of

Depariment of Transportation

Keep a continuous log of driving

PDA crew will tell you what
elevation to drive to, or what
resistance you need using the
Pile Drive Formula




Project Number.
Bridge Number(s)
substr. Description

@
~ton Min PDA Bearing _
B Cutoff Elev _

Pile Length
Min. Req'd Bearing__
Pile Tip Elevation

Pile Drive Data:

Initial Drive Restrike Comments:
[Blows per foot. 38 ft Elapsed Time _ b
Hammer Stroke B it Flapsed Tim
Penetration last 3 2
20 blows 2%y in
ENR Bearing 1472 ton
PDA Bearing 234 ton

Final ions to Field:
Pile length 87 ft Pile Tip Elev.
ENR Bearing Target Y.z  ton
Hammer Stroke gS ft Target Pen over
Blows per foot 8% last 20 blows

‘Additional Comments:

onive PlLE TO AP Em: Aen-m
AT GoTH P€R | AdD P

Pige 20 ADDITIITAL PILE LEWGTH will " QEAUIRED TO ACHIEVE
ROEbvATE PEARING (APACTY, PILE LENETH woaT
e HRRL R G g e

.

PIER 1+ ADOITIONAL PILE LirgTH MAT BE REQUREH HERE.
prwd  PILE ueT'L Ad EdR oF gulz TeNS 1§ .
ALHICVED, IF THIS 1S ACIRVGD AT PLAN No ADDITeRAk

PILE  LEPLTH Ll BE WEEDED, AoP pig ANd KEGE DRIvING
unTb 1L TedS 1S ACHIEVED JF SHoRT OF I41.2 T#/f AT PI-MU.

Applies to pier(s): | E Abutment(s):

nt of Transportation

Because of the high loads we
are putting on piles now,
expect to see more test pile
specials (the PDA). And you

probably won't see any
regular test piles for the
foreseeable future.




That’s it for

test piles




Test Pile (Special)
and Restrike Testing

Kansas

Department of Transportation

What is a Test Pile (Special)?

 Similar to a Test Pile except we monitor pile installation using
the Pile Driving Analyzer

* Inspector still performs their roll

 Ususally one Test Pile (Special) for one Abutement and one
Pier
» Dependent geologic variability, pile loads, and number of piers

Kansas

Department of Transportation




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

Kansas

Department of Transportation

Measures

 Evaluation of the Drive System
Performance

+ Calculation of the Driving Stresses
During Installation

» Assessment of Pile Integrity
* Damage
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Measurements Cont.
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» Assessment of the Pile Capacity
and Soil Conditions

L\

AN
A

S A

VAN

7 N

AN

V

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

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

i

Kansas

partment of Transportation
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Preparing for the PDA

PILING: Drive all piling to penefrate the soil mantle and achieve
bearing within either the Odell Shale Formation or the
Cresswell Limestone Member of the Winfield Limestone
Formation. 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. | 84 Tons
Pier No. | 150 Tons
Pier No. 2 130 Tons
Abutment No. 2 84 Tons

* Your target pile load

As a minimum drive each pile 1o the load and penetration,
but in o 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.

[Plot Location: Bidge Design

TEST PILE SPECIAL: Drive the fest pile special at the location

directed by the Engineer/Geologist or as shown on the
| Plans. Use Pile Driving Analyzer (PDA) equipment and
methods compliant with KDOT  Specifications. The fest piling
shall remain in place as permanent piling. Drive the fest pile
special piling to the resistance value of the Strength | load
divided by Phi shown on the plans.

* PDA target

Plotted By: [pelterf

Std. Base Fif:

* PDA target = Strength | load/ Phi facﬁ)r

DESIGN DATA

DESIGN SPECIFICATIONS:
AASHTO Specifications, 2007 Edition and latest Interim
pecifications. Load and Resistance Factor Design.

HL-93

* PDA Measures in kips
* Kip = 2 ton D

(T STRESSES:

(Grade 4.0(AE)
ide 4.00 AE)SW)
(Grade 60)

Concrefe
Reinforcing
Steel Piles

LRFD DESIGN PILE LOAD:
Design Loading (Tons/Fil
Abutments | & 2
Piers 1 & 2

Kansas
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Before the PDA

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

« Communication between Geology, inspectors, and foreman
* You (and a helper) keep track of the blows/foot and stroke of
hammer
* Foreman will be marking the pile every 5 or 10 blows
* Marking depth will be determined by testing crew
9aep yiesing Kansas

Department of Transportation

PDA Set-up

LT: 75.00 ft
LE: 72.00 ft
LP= 5000 ft

APE, D 19 52; OED
Energy: 47.1 k-ft
Ram Weight: 4 kips

Max Blow Rate: 90.0 bpm

Kansas

Department of Transportation




PDA Set-Up

Sensor | Hammer Sample ICAP® ’DalaLimils
1 I

in"2

f
| Area calc
L

Splice Data & ft from toe

il

English ’ Review Collect Esc

Kansas

Department of Transportation

PDA Set-Up

cusTOM
PIPE SQUARE H-PILE MONOTUBE TAPER SHEET HEXAGON TRIANGLE OCTAGON
Section Area (in."2) ~
HP 8 x 36 10.6000 & North American Options
HP 10 x 42 12.4000
HP 10 x 57 16.8000
HP 12x 53 15.5000 T World Wide Options
|HP 12 x 63 18.4000
|HP 12 x 74 21.8000 | AREA
HP 12 x 84 24.6000 1550
HP 14 x 73 21.4000
HP 14 x 89 26.1000 | BOTTOM AREA
HP 14x 102 30.0000 ‘ 141.89 in"2
HP 14 x 117 34.4000
HP 16 x 88 25.8000 PERIMETER
HP 16 x 101 29.8000
| HP 16 x 121 35.7000
HP 16 x 141 41.7000
HP 16 x 162 47.7000
HP 16 x 183  53.8000

Kansas

Department of Transportation
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PDA Set-Up

Maker  V Iype V  Weight(kips) Energy(k-ft) A~

DELMAG  OED
DELMAG  OED
DELMAG  OED
DELMAG  OED
DELMAG OED
DCLMAG  OED

105
201
274
40.2
40.6
DELMAG OED
DELMAG OED
DELMAG OED
DELMAG

DELMAG

DELMAG

485
485
51.2
AR
59.7
66.2
DELMAG 66.2
DELMAG

INNNNDOOLO AW N o

Kansas

Department of Transportation
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Strain & Acceleration
Measurements

.r),

/4 Strain Transducers measure force

Two Strain Transducers Required to
Reduce Bending Effects.

Accelerometers measure velocity
Two Accelerometers Used for Redundancy

Kansas

Department of Transportation
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Raw PDA Data
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Typical Gage Attachment

Kansas

Department of Transportation
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PDA Gage Attachmen
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Hammer Placement
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Test Pile Special Length

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

Department of Transportation
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PDA Testing Process

* Foreman marks the pile every 5 or10 blows until end |/ [Sl/EN
of drive P
» Usually beginning at a depth slightly above bedrock -

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

19

PDA Restrikes

« Standard PDA series of restrikes (15 min, 1 hour, 4 hour, 24 hour)
* Foreman marks every 5 blows
*First 5 blows are the most important!

20




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

Kansas

Department of Transportation
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Lewis and Clark Viaduct, Pier 18

P A 7

ssssssssssssssssssssssssssssssssss

Department of Transportation
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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)

Kansas

Department of Transportation
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Lewis and Clark
Viaduct

* 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

Kansas

Department of Transportation
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Lewis and ClarkViaduct, Pier 11

Top of Fite
Elev. 746.00|

TG ey srob . 580

L { i ; IS 1 560
127 ; 128 i fi29 : 150 fEl

Department of Transportation
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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

Kansas

Department of Transportation
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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.

Kansas

Department of Transportation
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Lewis and Clark Viaduct

* Pier 8
» 1 Test Pile Special
» Results will be applied to Pier 8 only
* Pile Design Load = 164 tons
» PDA Target Load 164/.65 = 252 tons (504 kips)
* Plan Length 130 ft.
* 12 x 74 H-Pile
* Pileco D36-32

Kansas

Department of Transportation
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Lewis and Clark Viaduct, Pier 8

Top of Footing
El

39 Piles'e 130"

& 1 Test Pile
... {Special) @ 140"

Kansas
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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 J,,(arf}spas

30




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 driving

Pile Capacity over Time

Capacity (tons)

252 tens (Target Capacity)

B R et Kansas

Department of Transportation

Hours
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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 252 tons)
» Bearing Formula recording 100 tons (needed 165 tons)

* 66 hour restrike
* PDA recording 306 tons
» Bearing Formula recording 167.6 tons

Kansas

Department of Transportation
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Why use the
PDA?

K ansas
Department of Transportation
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Why Use the PDA

* 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

Dla(ansas

rtment of Transportation

34




Why Use the PDA

* Elimination of overdriving the pile

* 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
pile driving load is achieved because stresses are not
known using the formula
» Hopefully well before as to not damage the pile,
especially in end bearing situations

Kansas

Department of Transportation
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Restrike
Testing

Kansas

Department of Transportation
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RestrikeTesting

» 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

K ansas
Department of Transportation

f Transp

RestrikeTesting

9 blows/inch
SOIL SETUP ~ 218 kips (109 tons)

End of Initial i e .'jl \m--n_;,ﬂ__,ﬁ_ ~ r
Driving [_] WAL B0 A

120 blows/0 inches

478 kips (239 tons)
Restrike 8 3
Days Later N i

LA N\

Lz"ll ~ )
B slleds




Soil Relaxation

RELAXATION e * Piles driven into
. _ ... | Weathered shale

End of Initial [ W‘/\,\/\:\- -

Driving e

764 kips ~~ |« Displacement piles

(382 tons) s o marams driven into dense

Restrike 24 el o S s saturated silts or fine

rourstaer f sands due to a

576 kips | VA negative pore

(288 tons) . A ey s
pressure effect at the
pile toe

Note:

Bearing capacity loss at toe

Some capacity gain on shaft Kans as

39
PDA Restrike Testing

Procedure

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

e 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

Kansas

Department of Transportation
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PDA 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 K
ansas

Department of Transportation
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PDA Restrike Testing
Procedure

Kansas

Department of Transportation
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#1  Study the Plans

Kanas

Depariment of Transportation

Study the Plans

For piling, see the “General Notes and
Quantities” page

and the “Engineering Geology” page




BRIDGE FOUNDATION GEOLOGY REPORT

#2 Read the Bridge Foundation
Geology Report

Kansas

Department of Transportation

#3

Il
STAND -
SPECIFICATY Read Section 704
“GIRICATIONS
i
| AN asan of the
/ e Standard
k] Specifications
IVISI
STRUCTOp. and check for new

Special Provisions

Kansas Department

T of
ransportation

Kansas
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#4 Get all the hammer info from the Contractor

To use the driving equation, you
need:

Weight of the hammer piston (ram)

Weight of the pile cap (helmet) and
the anvil

To check the hammer size, you
also need:

Maximum stroke of piston




This is Form
217 AA, in
the Forms

Warehouse

Here is the
hammer’s
maximum

stroke and
weight of the
pile cap.

NOTICE TO CONTRACTORS
PILE AND DRIVING EQUIPMENT DA

TA
[Test Pile (Special), Section 704, Standard Specifications]

Project No. County
Contract No. ___ Structure Name/No.
Pile Driven By (Contr. or r.)

HAMMER : Manufacturer Model
® Type Serial No.
=

EE Rated Energy (] Length of Stroke
== . (£t-1b\J) (£t\m)
=0 Modifications
< O
T=
o
°

Coefficient of Restitution - e

CAPBLOCK: Material
— Thickness {(in\mm) Area (in2\mn2)
Modulus of Elasticity - E (psi\MPa)
Coefficient of Restitution - e
PILE CAP:
Helmet
Bonnet Weight (1b\kg)
Anvil Block
Drivehead
CUSHION: Material Area (in2\mm2)
— Modulus of Elasticity - E (psi\MPa)

HAMMER
COMPONENTS

[Test Pile (Special), Section 704, Standard Specifications]

Project No.

NOTICE TO CONTRACTORS

PILE AND DRIVING EQUIPMENT DATA

County

Contract No.

Pile Driven By (Contr. or Subcontr.)

HAMMER:

CAPBLOCK:

PILE CAP:

=

CUSHION:

—

Structure Name/No.

Manufacturer Model

Type erial No.

Rated Energy Length of Stroke
) (Et-1b\.

Modifications

Material

Thickness (in\mm) Area (in2\mm2)

Modulus of Elasticity - E (psi\MPa)

Coefficient of Restitution - e

Helmet

Bonnet Weight
Anvil Block

Drivehead

Material Area, (in2\mm2)

Modulus of Elasticity - E (psi\MPa)

Coefficient of Restitution - e

Kansas
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Notice that the
anvil weight is
not here.

HAMMER

Project No.

Contract No.

Pile Driven By (Contr. or r.)

PILE CAP:

CUSHION:

NOTICE TO CONTRACTORS

PILE AND DRIVING EQUIPMENT DA

County

TA
[Test Pile (Special), Section 704, Standard Specificatiens]

Structure Name/No.

Manufacturer

Model

Type Serial No.

Rated Energy ]
(£t-1b\J) (ft\m)

Length of Stroke

Modifications
H
Material
Thickness (in\mm) Area (in2\mm2)
Modulus of Elasticity - E (psi\MPa)

Coefficient of Restitution - e

Helmet

Bonnet Weight
Anvil Block

Drivehead

Material Area

(1b\kg)

(in2\mn2)

Modulus of Elasticity - E

Coefficient of Restitution - e

(psi\MPa)

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

Kansas
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APE Model D19-52 Single Acting Diesel Impact Hammer

MODEL D19-52 (1.9 metric ton ram)

This is off the internet—

39,119 flelbs

American Pile Equipment % Nt - stiora

Maximum obtainable stroke 150 in (381 em)
Maximum obtainable energy 52,362 ftlbs (71 KNm}
Speed (blows per minute) 3452

Anvil: 749 Ibs ol '
L LiNE % Fuel tank {runs on diesel or bio-diesel) 8.3 gal (3141 liters)
Ol tank 23 gal (8.7 liters)

CONSUMPTION
Diesel or Bio-diesel fuel 3 gallh (6.6 litersie)
Lubrication 0.13 galihr {49 litersihr)

Striker plate: 628 Ibs i il T e ‘ =

n? (256
6in (15,24 cm)

440 1bs (199 ke)
1775 in (45 )

Helmet: 1076 |bs

Adapter: 948 Ibs o - : Boet o Tosepcrmion

H-Beam insert for 12 (305 mm) and
i insert for sizes 127 1o 247 di

al: 3401 Ibs

Anvil: 749 Ibs
This is the weight of

Striker plate: 628 lbs everything below the piston
Helmet: 1076 Ibs

Adapter: 948 Ibs

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

Kansas

Department of Transportation




#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
blow and the maximum stroke for that
hammer. Refer to the Bearing Formula
presentation.

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

There is a test pile (special)

You would like one of us on site during
the start of driving




#6 Getthe Type-A Certificate from CMS

Go To
...then

...then

Kansas

Department of Transportation

DTMT112 KANSAS DEPARTMENT OF TRANSPORTATION
RUNDATE: 07 10 06 HON ACCEPTANCE TESTS REPORT - FINAL
RUNTIME: 10:14 AM

CONTRACT: 503032043 M WORK TYPE: BRRPL STATUS: FINAL
PROJECT ID: K023 090 K 7333 01 AREA OFFICE: 04 DISTRICT: 03
CONTRACTOR ID: 00725 CONTRACTOR HAME: L & M CONTRACTORS, INC.

LINE # ITEM CODE ITEM HAME UNIT ORIGINAL QT
MATL CODE MATERIAL NAME
SAMPLE ID \I SAMPLE QTY

998 099999 ED MATERIR ACH
067010000 STEEL BEARING PILE
00456078 609.600

00468576 1 524.000 FREE

004707235 121.920 FREE FORM
00471472 23.384 FREE FORM
00473445 ) 259.080 FREE FORM

MATERIAL TOTAL : 2 537.984

099999 TESTED MATERIALS S
161060100 CEMENT TY 1/2 BL/BAG
00487436 FREE FORM

00497591 FREE FORM
MATERIAL TOTAL : ——————

099999 TESTED MATERIALS i
999900312 CRUSHED GRAVEL (OFQ)
00497599 AGGREGATE QUALITY TEST
MATERIAL TOTAL :

099999 TESTED MATERIALS oLy

999300319 SAND/SAND GRAVEL (OFQ
00497578 AGGREGATE QUALITY TEST

MATERTAL TOTAL :




DTMT130 Kansas Department Of Transportation PAGE -

Run Date: 07 10 06 Maintain Sample ID Record
Run Time: 10:03 AM
Sampl SI: M
Inspector Id: guo9u5012 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
Prej 1d: K023 090 K 7333 01 Contract #: 503032043 M Line #: 998 Quantity: 259.080
Producer: 00035001 Name: NUCOR-YAMATO STEEL Loc: BLYTHEVILLE St: AR
Legal Desc: Mix Plant: Name:
Matrl Cd: 067010000 STEEL BEARING PILE Desc: A03-5201 Unit: m
Qty Represented: 259.080 Nbr of Items: 0 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: Act Compl: 10 02 03
Test Result: CPLY Authorized By: NAT VELASQUEZ BY KDM
Remarks:
LEM 1600-11 FINAL DISPOSITION SUBJECT TO CONDITICN OF

MATERIAL WHEN USED AT PROJECT

HEAT ( M), 218107 (60.96), 218103(91.44) 219625(106.68)

19

There is no prequalified list for piling

All piling must go thru testing




# 7 Make Your Driving Equation Spreadsheet

It's Form 217b in Forms Warehouse

Kansas

Department of Transportation

Delmag McKierman Terry (Diesel Hammer)
Summary Formula Entry Data
Hammer Wt 3528 Ibs Weight per foot Maximum
Cap/Anvil Wt. 2403 lbs 1.6-W-H of piling (Ibs/ft): 53 Ibs/ft. Hammer Drop
Pile Type HP12%53 P= ﬁ Length of Pile: 43 feet | 11 ‘llft
Min. Res. 60 tons S+0.1- : -“' | ¥ 4682 Ibs Minimum
Max. Res. 66 tons d Minimum "5": 0.100 inches/blow Hammer Drop
Maximum "S": 0.300 inches/blow 3 T
Field Blow count:l 20 |
Penetration per 20 blows (in.] | 2.000 | 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.) "S" | 0.100 | 0.120 | 0.140 | 0.160 | 0.180 [ 0.200 | 0.220 [ 0.240 [ 0.260 | 0.280 | 0.300
Drop of Hammer (Stroke) (ft.) Computed Resistance (tons)
< 6.0 73 67 54 51 48 45 43 41 38
& 65 79 73 55 52 45 a7 44 42
Calculated Bearing | - 7.0 85 78 72 59 53 50 48 45
is HIGH = 7.5 91 B4 78 60 57 54 51 45
= BOD a7 B9 B3 77 72 68 ‘ B4 (38 57 55 52
Calculated Bearing H] 85 103 95 a8 82 7 72 68 64 61 58 55
is GOOD E 9.0 109 101 93 87 81 76 72 68 65 62 59
2 95 115 106 98 92 26 B1 76 72 68 65 62
Calculated Bearing s 10.0 121 112 103 96 90 B5 B0 76 72 6B 65
is LOW E’ 105 127 i) 109 101 95 B9 B84 BO 75 72 BB
a 11.0 133 123 114 106 99 93 BB 83 79 75 72
5.000
‘Ej 50 é =[] 2991 2277 |- | =000 | + Min. Bearing +
&l 65 |23 346 2805 |- |7o00 -5 - -W-Max Bearing —————— G * 4 —
gl 70 |=m E 3931 3333 |-> | c.000 _-.!é " A
| 75 F ; 4.402 3760 |-+ | scoc _-é—g l
i - ) g | 4188 |>|.o0 | 2R
g 85 H E| 5383 Eg 2616 |-+ |s0n0 -
E 9.0 g E| 5813 g 5043 |- |0 -
9.5 = 6.283 5471 |-»
[ oo (55| e | BF | sem || ansas
E‘ 105 E & 7.224 2 6326 || 00 2?0 4??—‘"",[}-?‘&—"“2({“&0 1.0I.0 12'.0 Department of Transportation
S| 110 8] 7695 6754 |-=




Penetration per 20 | blows (in.) 3.200 | 3.600 | 4.000 | 4.400 | 4.800
Average Penetration per blow (in.) "8" 0.160 | 0.180 | 0.200 | 0.220 | 0.240

Drop of Hammer [Stroke) (ft.) Computed Resistance (tons)

6.0 5B L 51 48 45
6.5 63 59 55 52 4g
Calculated Bearing 7.0 67 63 59 56 53

is HIGH E 7.5 72 68 %] 57
BED 77 72 GE [
BS B2 77 72
0.0 &7 Bl 76
95 92 BR Bl
100 06 90 85
105 a5 ]
110 a9 a3

in feet.

Calculated Bearing
is GOOD

64
68
72

76
B0
B3

Calculated Bearing
is LOW

Drop of Hammer

&0
&4
68
72
76
BO
B4
BB

Kansas

Department of Transportation

Do a Sample Calculation

Find the appropriate equation such as:

P= 16 W H
S +0.1(X/W)

Do a calculation by hand to get comfortable
with the different variables and how they

change things
Kansas

Department of Transportation




#8 Check Minimum Pile Length

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

It will probably be OK, but there may be concerns
about scour and minimum pile length

#9 Check the Piling Itself

Check that the heat numbers on the
certification or bill of lading matches the
numbers on the piling
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STRAIGHT BILL OF LADING- BHORT FORM - Original - Not Negotiable
ECEIVED, subject to the class s and tariffs in effact on the dale of issue of this Originat B of Lading.
M Camier SCAC:

BOL#: 44201
Date: 04/19/2012

the proparty ¥ et gO0d OrOe, EXGEpt 35 hOLBd (GONLENS and GOndison of LONIENLS of PITKAES unknows!), marked, Gansigned, and deslined a5 indicaied belo
camior Bny person of ion i ion of L 4

10 ail thy

e
" route, otherwizs 1o daiiver b another S3M87 61 the routs 16 b his by ag# % of il or any of said pr y iiwwmmu
5 s . d tond

Bill of

SHIPPER (FROM)
SKYLINE STEEL FABRICATION
P.O.BOX 129
5896 HWY 18 EAST
ARMOREL, AR 72310
ICONSIGNEE (SOLD TO} SKYLINE-CO E
SKYLINE-CO L&M CONTACTORS, INC.

DENVER, CO 80203
c

DELIVER TO (if different from Consignee)

655 BROADWAY 4,0 ML S. & 1.1 MI. E. OF WESTFALL
SUITE 560 WESTFALL KS 67455

skylinesteel™

CUST. ORDER#:  88703-1 OUR ORDER#: 88703

Freight charges are:

PREPAID

SEND FREIGHT BILL TQ: {if different than shipper above)

S

AMOUNT

C.0.D.

C.0.D. ERE

NO. HM
PKGS (XUM  DESCRIPTION OF ARTISLES, Runl UF PAUAAGE, STESIAL MARKS AND EXCE: TIONS

10 HP10X42X4@"AT# 2-382253 1-382246 1-382255 1-382250 5-3822

TWEIGHT "CLASS  NMFC

e Kénsas

14 HP12X53X80 HT# 5-381480 3-381462 6-381464 )

Department of Transportation

29

NYS-USAIIIRumiL
O e

Size: HP10K&2 26062
Lengit: S5FT 168m

30

Sticker
on Pile

Kansas

Department of Transportation



Check the
Piling Itself

et kR




NYS USAIIIIIIIIIIHHIIIN

g .
(rade A57250
Heal 291019 RiD: 521407005

HlllllhliiIIIIIHIIIIIIIHI%HI seqt 100

_ali W -NYS1 - /11/05

T T ecromss

33

NYS-USA IR

T T

Size: HP10YAR 260X62
Lenqth: 5§ FT 16.8m
Grade! A57

Heal 231009, Sp140708

IIIIIIH!il!llliﬂlllHlIIIm WSeq# 4

Test pi
@M’ YS11 I.1.11'05
"l"“' h, TRHezvomes

34

Sticker
on Pile 1

Sticker
on Pile 2

All H-pile now used in KDOT
bridges is Grade 50



Check the Piling Itself

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

Pipe piles can get bent; concrete
piles can get broken

H-piles can have bent flanges

Kansas

Department of Transportation
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#11 Make Sure the
Contractor Brought the

Hammer He Told Us He
Was Bringing

#12 Check the Hammer Cushion




Check the Hammer Cushion

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

What else?

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

Must be intact and at least
/5% of its original thickness




Check the Hammer Cushion 1
Original thickness of cushion should
be listed on the hammer data sheet

Ask contractor when cushion was
last changed

Check to see if it looks OK

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

#13 Line up some help from the office




#13 Line up some help
from the office 1

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




Kansas

Department of Transportation

#15 Make Sure the Piles are Plumb




"It."
%‘! L .l ’4 > N
T~

Resistance

w— 2
C o
upnv.._u
© 2
- O
O
o3
X >

)

|
© o
-~ C
H* S

Know the depth you

should hit bedrock.
#17 Drive Pile to Plan
Length or Required




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

If plan length is reached before the
required resistance, call Area Office
about a possible restrike




# 18 Mark the Cut-off on the Pile

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

Mark the piece that was cut off, so that you
know where it came from. You may need
to use it to splice later.

Kansas

Department of Transportation

~— R e v SR AN TR
Usean er or letter—just so
‘\_ < e X - QI ? 3




Whatever works




# 19 Have Someone Check Your Calculations

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

#19 Have
Someone Check
Your
Calculations




¥

If you see something on site théf you don’t

understand, okaren't sure if what the
_ Contractoris doing is acceptable, make
“Hif sic getit resolved.

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)

your District Construction Engineer
Kansas

Department of Transportation
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Field Problems

If a problem occurs,
what do you do?

Department of Transportation




STOP
DRIVING AND
EVALUATE THE
SITUATION Kansas

Some Problem Scenarios

» Overdriving — encountering hard rock
» Target bearing not achieved
* Misalignment of hammer

* Hammer performance




Problem Solving
* Take time to problem solve

* What is happening
» Check calculations

* Check any level runs

» Check the hammer
» Check alignment; pile and hammer
» Check length of pile

* Review the Geology Bridge Sheet Kansas

f Transp

Problem Solving Continued

* Are you using the correct formula?

» Correct hammer specifications input?
* Using the Pile Driving Formula load?
» Wrong size pile?

* Wrong length pile?




Solution Found!!

» Can you make the decision to correct it?

Contact
* Your Boss
 Construction Engineer
» Design Engineer

 Adjust and proceed with driving.

 Always document. Kansas

Department of Transportation

Driving to Hard Bedrock

g5 220 kips
PILE f\_\,,n_\,u, T (110 tons)
DRIVEN Plic="Uia
TO ROCK T e B
i —— 242 kips
Last 4 Blows of [ J OO \T\/\\mﬂ\k new s (121 tons)
Initial Driving " RV W e
(last blow at bottom) A
| / \,'f-*:f:j*;_,-" S 311 kips
. m | | (156 tons)
r /\/N\’ \‘"\. Ao
< .~l‘\r i L_“-.__A'.}-‘. v h'\.‘
| - sty — S | 555 Kips
PN (278 tons) B ansas

Department of Transportation




Driving into hard bedrock

Project north of Syracuse, KS
Damaged H-pile

The lower 7 feet of Pile #5 at Pier 1.
Understand the geology!

R e & »4 A

Kansas

Department of Transportation

+ Same project
» Bottom 2.5 feet rolled,Pile #6, Pier 4

| Top of pile damaged too

Kansas

Department of Transportation

10



B o e e e e T

in County

59 Frankl

US-

S B Urestoe
Fandie
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w2
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tpartment of Transportation

11

into hard bedrock

ing

IV

Dr

Department of Transportation
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Driving into hard bedrock

Kansas

Department of Transportation

13

Driving into hard bedrock

Will drive into hard limestone

/

Station 41212 25 Rt

05 ‘9 i Stalon 412:39 25 I
Staflon 4212 65 At

Statlon 4/2:35 65 Rt

Statlon 41119 65 R /°

s —— T
""" \"Viniand Shaie Wenber ~ _793_%%_:&_5_

Kansas

Department of Transportation
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you?

Pile
Alighment

Inspect the picture
» Which pile would concern

Kansas

Department of Transportation

15

job!

Pile
Alignment

Inspect the picture
 If you chose the 4t
from the front, good

Kansas

Department of Transportation

16




Pile Alignment

Kansas

Department of Transportation

17

Pile Damage

» Damage to bottom of H-pile
» Probably weren’t getting bearing
* Led to inspect for damage

Kansas

Department of Transportation
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| Kansas

Department of Transportation

19

Kansas

Department of Transportation
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Pile
Alighment

Inspect the picture

Which piling would concern |l e

you?

Maybe this one is a little
easier to, see?

Kansas

Department of Transportation

21

Pile
Extraction

22

Kansas

Department of Transportation




Department of Transportation

23

Kansas

Department of Transportation
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Kansas

Department of Transportation

25

Pile Damage

Kansas

Department of Transportation
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Pile Damage

27

Hammer Alignment

* Can reduce the transferred
energy.

» Can damage pile top
 Can give false blow count

|+ Pipe pile vulnerable

Kansas

Department of Transportation




Mushrooming Caused by:

Could Result in:

Pipe Pile Damage

Misalignment
Hard driving
Both?

Reduction of transferred
energy

Exaggerated blow count
Exaggerated bearing
capacity

K ansas
Department o nsportation

f Transp

29

Pile Damage Suspected

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

* Is 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?

Kansas

rtment of Transportation
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Minor Damage to Top of Pile

« 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.

Kansasn

rtment of Transportatior

31

Pile Damage Suspected

- Contact the Engineer
 Contact the Geology Section ‘ _
to conduct PDA.

32



Trouble Achieving Target Bearing

» Check all calculations

» Check input parameters for bearing formula
» 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

Kansas

rtment of Transportatior

33

Target Bearing Achieved Early

* Check all calculations
» Check input parameters
» Check pile length

» Contact Engineer or supervisor

34




Target Bearing Achieved Early

« If pile tip is close to plan tip elevation and 110% of the
Pile Driving Formula Load has not been reached,
the pile can be driven to 110% (if plan tip must be
achieved)

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

* Is there enouqh 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) JSansaSn

rtment of Transportatior

35

Hammer Performance

« If the hammer is not performing properly the bearing capacity
can not be computed accurately 0

* 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
in low-capacity conditions

36



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

Kansas

Department of Transportation

37

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.

* Alow 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

Kansas

Department of Transportation
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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

Kansas
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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

Kansas
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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 Kansas

Department of Transportation
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Hammer Performance

* 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”

Kansas
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Hammer Performance

* “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.

Kansas
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Be Aware!

Crane tipping while lowerin 9/} he leads and hammer
)

Kansas
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Who to Contact

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
785-640-2613
Jason Kolb, El Dorado Regional Geologist
316-251-6596
Denny Martin, Chanute Regional Geologist
620-902-6428
John Barker, Topeka Regional Geologist
785-291-3861 Kansas

f Transp
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Where do you find pile information?

KDOT Standard Specifications Book

2015 Edition

Division 700—Structures

Section 704  Piling
pages 700-15 to 700-21




Where do you find pile information? 1

KDOT Standard Specifications Book

2015 Edition

Division 1600—Ferrous and Non-Ferrous
Metals

Section 1609  Steel Piling and Pile Points

page 1600-18
Kansas

Depariment of Transportation

How to get to the 2015 | dition

Go to www.ksdot.gov

Hover over “Doing Business”, then go to

“Contractor Resources”, “Specifications and Special
Provisions”, and “Standard Specifications for State
Road and Bridge Construction”
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2015 Spccial Frovisions

Below the 2015 Specifications is the
link to Special Provisions.

There is currently one piling Special
Provision.

That will change, so always check fo
more. Kansas

Department of Transportation
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2015 Spccial Provisions i

15-07017

Adds a line about sheet pile to the bid items

We don’t worry about sheet pile in this class

The Bridgc (_onstruction Manual

Chapter 5.3 Driven Pile

Contains some practical information
about bridge piling construction and
inspection.




T he Bridgc (_onstruction Manual

Chapter 5.3 Driven Pile

General terminology and definitions,
pile and hammer types, and the
mechanics of pile driving, including
formula examples

T he Bridgc (_onstruction Manual

Chapter 5.3 Driven Pile

We cover all this material in class.




To getto this Manual online

www.ksdot.gov

Hover over “Doing Business”

Go to “Highway Contractors”, then

“Contractor Resources”, “KDOT Manuals and Guides”,
“Bridge Construction Manual”, and Section 5.3 “Driven Piles”

Kansas

Department of Transportation

News Jobs FAQs Contact

Kansas .

Department of Transportation

| Want To...

Projects Programs

Doing Business

Access Management

Design Consultants Highway Contractors

. . . Design Consultant Prequalification Highway Letting Information
Commercial Vehicle Information & 2 — 3
Design Solicitations and RFPs

Permits

Harvesting Hay on Highway Right of
Way

@eTlacior Prequa _jion
Contracts and Payment Contractor Resources KDOT Lty Pormit System (RUPS)
Design Resources Request for KDOT Support for S
Discretionary Grants
Signs & Salvage
Kansas Highway Dedication
Scam Alert

Signing
KDOT does not collect tolls or fines or request
payment via text - don't click suspicious link

DO NOT CLICK OR OPEN LINKS!

KDOT does not collect tolls or
ticket payments

REPORT FRAUDULENT TEXTS:
www.ic3.gov

Report Scam Texts

14




/

Department o

AADI TUVYETE FTOJECt TIUHTR-UOT

Specifications for State Road and ified Inspection and Testing (CIT) Training Program
Bridge Constru

Special Provisions KDOT Manuals and Guides
+ Prequalified Materials and New
Product Approval Bridge Construction Manual;)Reference book of guidelines for the procedures and methods
Asphalt Adjustment Price Index fction of bridges in Kansas.
Construction Manual: Reference book of guidelines for the procedures and methods acceptable
for the construction of state highway projects in Kansas.
Hot Mix A te Specifi " ;
Gfavn;véfﬂ;g” A Construction Stormwater and Pollution Control: Access to KDOT’s Stormwater Pollution
Prevention Plan (SWPPP) that will be used on all highway construction projects administered by
Materials and Research Center
Test Procedures the depariment.
Documentation Manual: Reference of recording methods to meet reporting requirements on
construction of state highway projects in Kansas.

Technical Advisories and Policies: Search for specific documents by title, keyword, or reference
Construction Checklists number.

Fuel Adjustment Price Index

Bridge Construction Manual

Construction Manual

Documentation Manual Utility Accommodation Policy
Several other manuals are available through KDOT’s Authentication and Resource Tracking
(KART) page. This service requires creating a free account.

Partnering

Kansas Highway Wage
Determinations.

Kénsas

REQUEST FOR KDOT SUPPORT FOR Department of Transportation

KISEHE HONARY G Specifications and Special Provisions +

SUGNS R SAIVAGE

O A .ksdot.gov/doing-business/highway-contractors/contractor-resources/brid: sction-manual

1aiioad
Department of Transportaf . . .
Getting to the Bridge Construction Manual

| Want i About Projects Programs Doing Business Travel

ACCESS MANAGEMENT

COMMERCIAL VEHICLE Doing Business » Highway. » Contractor Resources »
INFORMATION

+ DESIGN CONSULTANTS Bridge Construction Manual

- HIGHWAY CONTRACTORS [ Share & Bookmark & Print

+ Highway Letting Information

The Bridge Construction Manual is intended to better communicate the intent of the plans, Standard
Specifications for State Road and Bridge Construction, Special Provisions, and Project Special
Provisions to KDOT Inspectors, Contractors and Design Consultants.

Contractor Prequalification
- Contractor Resources

AASHTOWare Project Information

D e m Dt pdated
Bridge Construction

1.0 Introduction 10/26/11
Special Provisions
20 Contractor Construction Staking 512113

+ Prequalified Materials and New 30 Temperany Detiwir Bitges T
Product Approval =
4.0 Excavation and Embankments - UNDER DEVELOPMENT

Asphalt Adjustment Price Index 1 MSE Walls 8/28/08
Fuel Adjustment Price Index General - UNDER DEVELOPMENT

Hot Mix Aggregate Specific 521113
Gravity Values X Drilled Shafts 1/11/08

Formwork, Falsework and Temporary Structures General 9/9/08

Materials and Research Center :
Test Procedures 2 Chapter 16 - Bridge Design Manual 12121 %
e oo Msical 3 Reinforcement - UNDER DEVELOPMENT ans aS
N N Reinforced Concrete Structures 4126112 Department of Transportation
Construction Manual

Structural Steel 11107




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
Drive Formula Load)

of

Depariment of Transportation

Division 700—Structures
Section 704.3 Pile Driving Equipment 1

(a) General

(1) Open-end Diesel Hammer

Equip with a device extending above ram
cylinder to permit visually determining
hammer stroke at all times.




Division 700—Structures
Section 704.3 Pile Driving Equipment 2

(a) General

(3) Weight of the striking part of air
hammers used shall be a minimum of
Y5 the weight of the pile and drive cap

Minimum weight of striking part is 2,750
pounds

Division 700—Structures
Section 704.3 Pile Driving Equipment 3

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

Gravity hammer—minimum weight 3500
pounds

Gravity hammer—maximum drop 12 feet

Kansas
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Division 700—Structures
Section 704.3 Pile Driving Equipment 4

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

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

Minimum 6000 foot-pounds energy per blow Ka




Division 700—Structures
Section 704.3 Pile Driving Equipment 5

c. Hammers for prestressed
concrete pile

Only driven with diesel or air hammer unless
otherwise noted

Hammer must develop 1 foot-pound of energy
for each pound of weight driven

Minimum energy of hammer is 6,000 foot-
pounds per blow

Division 700—Structures
Section 704.3 Pile Driving Equipment 6

d. Vibratory hammers

Used only when specified in Contract
document

If used, 1 of 10 piles must be load tested
using an impact hammer (diesel or air) with
suitable energy




Division 700—Structures
Section 704.3 Pile Driving Equipment 7

e. Additional Equipment

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

Division 700—Structures
Section 704.3 Pile Driving Equipment 8

e. Additional Equipment

If Contractor cannot drive pile to the
required penetration and/or bearing
capacity, he must bring a bigger hammer.
If the Engineer approves, he may resort
to jetting or pre-drilling at his own
expense.




Division 700—Structures
Section 704.3 Pile Driving Equipment 9

e. Additional Equipment

Use of the pile driving analyzer may be required when
minimum requirements are not met

Division 700—Structures
Section 704.3 Pile Driving Equipment 10

f. Leads

Constructed to allow freedom of
movement of the hammer

Except where piles are driven through
water, the leads shall be long enough
so that followers are not needed




Remember what
a follower is ?

If you search for a picture of a “follower” on the
interwebs, this is one of the things that shows up.

The interwebs are great, eh?

Kansas
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Followers are used as an extension of the
pile between the hammer and the pile
head

T T




Division 700—Structures
Section 704.3 Pile Driving Equipment 11

f. Leads

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

Division 700—Structures
Section 704.3 Pile Driving Equipment 12

g. Hammer Cushion

Required on all impact pile driving hammers except
gravity hammers

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

Replace cushion when thickness is reduced by
25% or it appears to be deteriorating.




Division 700—Structures
Section 704.3 Pile Driving Equipment 13

g. Hammer Cushion

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

of

Depariment of Transportation

Division 700—Structures
Section 704.3 Pile Driving Equipment 14

g. Hammer Cushion
Made of “durable manufactured material”

Micarta (Conbest)—fabric and phenol
Nylon—2" blocks

Hamortex- metallized paper reels
Force 10, Forbon, Fosterlon

Aluminum




Division 700—Structures
Section 704.3 Pile Driving Equipment 15

(h) Pile Driving Head

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

Guided by the leads and not free-swinging

Should fit the pile head adequately




Division 700—Structures
Section 704.3 Pile Driving Equipment 16

i. Water Jets
Only used with permission from the Engineer

If used:

Number of jets and volume and pressure of
water sufficient to erode material

Power enough to deliver at least 100 psi
pressure from %" jet nozzles

Division 700—Structures
Section 704.3 Pile Driving Equipment 17

I. Water Jets

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




Section 704.4
Construction Requirements

a. Order Lists, Piles, and Test
Piles

Order list is the same as the estimated
quantity (number and length of piles) shown
in the Contract Documents.

Section 704.4
Construction Requirements 1

3 weeks before the scheduled date of driving piling
(that’s you)




Section 704.4
Construction Requirements 2

a. Order Lists, Piles, and Test
Piles

When Engineer requires a restrike, follow
subsection 704.4e. for restrike procedures

Section 704.4
Construction Requirements 3

a. Order Lists, Piles, and Test
Piles

Drive test piles at specified locations

Engineer will use test pile information to
determine pile tip elevation




Section 704.4
Construction Requirements 4

a. Order Lists, Piles, and Test
Piles

If multiple hammers are used on a project
with test piles, drive a test pile with each
hammer

Section 704.4
Construction Requirements 5

b. Test Pile
(Special)

Pile Driving Analyzer
used to monitor
test pile




Section 704.4
Construction Requirements 6

b. Test Pile (Special)

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

Allow 1%z hours for pile to be prepared for test

Allow safe and reasonable access to pile

a personnel lift is very handy for this, if the contractor has one

The Engineer will use the PDA results to provide the
Contractor with a blow count for production driving.

Section 704.4
Construction Requirements 7

c. Driving piles
Piles can be driven with a gravity, diesel or air hammer
or

Combination of pre-drilled holes or water jetting
a hammer

Refer to Subsection 704.3 for pile driving
equipment




Section 704.4
Construction Requirements 8

c. Driving piles

Drive piles at the locations and to lines
shown on plans

Use leads long enough to be spiked into
ground

Section 704.4
Construction Requirements 9

c. Driving piles

Do not drive piles until excavation for
footing, webwall, or abutment is
complete




Final slope configuration

Pier Piling Location

Kénsas

Depariment of Transportation

Pier pile driven
before excavation
complete
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Before you go to the next slide,
think of 2 reasons why
we don't like this idea.

KAisas

Depariment of Transportation

This part will add friction
to the pile drive that
won't be there later.
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Section 704.4
Construction Requirements 10

Don’t allow a contractor to ignore this
spec.

Release
the hounds....




Section 704.4
Construction Requirements 11

c. Driving piles

Drive all piles for a footing or abutment
before placing any concrete in the footing
or abutment unless pile is over 20 feet
from concrete, or unless concrete has
cured 24 hours

Section 704.4
Construction Requirements 12

(c) Driving piles

Drill pile holes as shown on the plans

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

If predrilling not specified, Contractor may
predrill if Engineer approves




Section 704.4
Construction Requirements 14

c. Driving piles

Drive all piling perpendicular to long axis of
pile

Use pile caps (helmets) on all piles




Section 704.4
Construction Requirements 15

Driving piles

For pile caps of concrete piles and
prestressed concrete piles, use a
suitable cushion next to the pile

Pile helmets for steel piles must have
grooves to accommodate the shape of
the pile

Section 704.4
Construction Requirements 16

c. Driving piles

On pipe piles, the helmet must have an
interior guide (mandrel) that sticks into the
pile at least 6 inches.




Section 704.4
Construction Requirements 17

Most of the time




No reason--I just
think this painting is cool

Section 704.4
Construction Requirements 19

c. Driving piles

Use full-length pile where practical

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

Provide experienced welder,
to make the welded
splices for steel pile

(Section 713 is Qualification of Field Welders) Kansas

Department of Transportation




Section 704.4
Construction Requirements
20

c. Driving piles

Contractor must
correct any failed
splices at his
own expense

Section 704.4
Construction Requirements 21

c. Driving piles
Avoid extensions, splices, or build-ups of

prestressed concrete piles

Plans will show method for splicing
concrete piles

There are no instructions for splicing
concrete piles in the Specs




Section 704.4
Construction Requirements 22

c. Driving piles

Replace any damaged pile with new,
longer pile

--crushing or spalling of concrete pile

--deformation of steel pile

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

Section 704.4
Construction Requirements 23

c. Driving piles

Do not force misaligned piles into position

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




Will the pile tip straighten out by
doing this?

Is it a good idea to deliberately
bend a piece of structural steel
in a bridge?

Kansas
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Section 704.4
Construction Requirements 24

Tolerance to Vertical

Straight
(Vertical)

Section 704.4
Construction Requirements 25

Tolerance to Vertical




Section 704.4
Construction Requirements 26

Tolerance to Vertical

Variation
from Vertical

Kans.a‘s

Department of Transportation
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rtment of Transportation

Kansas

If you have
enough pile
sticking out of
the ground,
just measure it
directly




Section 704.4
Construction Requirements 27

c. Driving piles

Tolerances to Vertical or Battered Lines

Piles 35 feet or shorter:

Piles longer than 35 feet:

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
length for piling in Pier 3 is 28 feet. You stop
driving when you notice one of the piles seems
to be crooked. How can you check to see if it’s
in spec?

Kansas
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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 % inch
per foot of pile




Driving Tolerances to Vertical—Example

Pile Length—28 feet

Tolerance for piles shorter than 35 feet is 74 inch
per foot of pile

You have a 4-foot long level.

4 feet x Yainch / foot =

Driving Tolerances to Vertical—Example
4 feet x Yainch/foot =

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

When using a 4-foot level to check, you either have
72" or 1” leeway, depending on the pile length.

Kansas
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Section 704.4
Construction Requirements 27.5

c. Driving piles

Tolerances to Vertical or Battered Lines

If you don’t have enough pile sticking out to
measure it directly, have the location
surveyed and measure how far off it is.
Then back-calculate.

Section 704.4
Construction Requirements 28

c. Driving piles

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

Piles in bents:

Foundation piles (pile groups):
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Section 704.4
Construction Requirements 29

c. Driving piles

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 bridge designer in Topeka.




Isn’t the hammer
supposed to keep
this from happening?

H HHHHH

Typical Pile Bent Abutment

Kansas
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HHHHHHH

Weak direction lined up parallel to
long axis of bridge.

Abutment can flex with the deck

of

Depariment of Transportation

Weak direction lined up perpendicular
to long axis of bridge.

Fixed abutment will resist movement.




Section 704.4
Construction Requirements 30

c. Driving piles

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

Section 704.4
Construction Requirements 31

d. Bearing Values and Required
Penetration

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

Stop driving if 1.1 times the minimum
resistance
attained




Section 704.4
Construction Requirements 32

d. Bearing Values and Required
Penetration

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

Section 704.4
Construction Requirements 33

d. Bearing Values and Required
Penetration

If required bearing can’t be obtained, the
number of piling may be increased
with the approval of the Engineer
(bridge engineer in Topeka)




Section 704.4
Construction Requirements 34

d. Bearing Values and Required
Penetration

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

101

Section 704.4

Construction Requirements 35

TABLE 704-1: PILE FORMULAS
Hammer Pile Type Formula
Gravity Timber P= 2 W H
S+1.0
Steel
3 WH W
Gravity Steel Shell P= st03s |ow J
Steel Sheet $+035 L(W+X)
Air/Steam 2 W H
=
(Single Acting) Al S+0.1
Air/Steam 2 E
. P=
(Double Acting) All Types S+0.1
. d p_ L6 W H
clmag an TN
McKierman-Terry* T e S+0.1 ( W ]
p_ 16 E
ink- * *x
Link-Belt All Types S+0.l (Xw }

*diesel hammers
** For diesel hammers, the quantity X/W shall not be less than 1.
P = safe bearing power in pounds

102



Section 704.4
Construction Requirements 36

d. Bearing Values and Required
Penetration

Formulas only apply when:
Hammer falls freely

Penetration is quick and uniform

No significant bounce after the strike

Section 704.4
Construction Requirements 37

d. Bearing Values and Required
Penetration

If water jets used, determine bearing capacity
after jets have been removed




Section 704.4
Construction Requirements 38

d. Bearing Values and Required
Penetration

If a different brand of diesel hammer is used
besides the 3 listed in the Formula Table,
use of the manufacturer’s
listed energy rating in the formula to
determine bearing capacity.

Section 704.4
Construction Requirements 39

d. Bearing Values and Required
Penetration

For an air hammer, use
of the manufacturer’s listed energy
rating in the formula to determine bearing
capacity and to check if the hammer is
large enough.




Section 704.4
Construction Requirements 40

e. Pile Restrike Procedure

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

Call the Regional Geology Office for help

Section 704.4
Construction Requirements 41

e. Pile Restrike Procedure

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

Drive all piles in group to within 2 feet of plan

Leave them alone for at least 24 hours




Section 704.4
Construction Requirements 42

e. Pile Restrike Procedure

Warm up hammer far from piles to restrike

Immediately restrike 20% of piles in group, minimum
of 2 piles per group
Restrike piles farthest from each other

When possible, restrike those with lowest resistance
during driving

Section 704.4
Construction Requirements 43

e. Pile Restrike Procedure

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

Record penetration for every 5 blows

If pile moves less than %z inch, stop
restrike after 10 blows




Section 704.4
Construction Requirements 44

e. Pile Restrike Procedure

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

Calculate resistance based on average penetration
for first 5 blows

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

Kansas
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Section 704.4
Construction Requirements 45

e. Pile Restrike Procedure

If calculated resistance is too low, splice and resume
driving

Look sad and say “doh”....




Section 704.4
Construction Requirements 46

e. Pile Restrike Procedure

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

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

Section 704.4
Construction Requirements 47
e. Pile Restrike Procedure

(3 ) Test Pile (Special) called for on
bridge or PDA is available

Follow recommendations of the Regional
Geologist




Section 704.4
Construction Requirements 48

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
connection as shown in the
Contract

Section 704.4
Construction Requirements 49

f. Pile Cut-off and Pile Painting

Pieces cut off become property of
KDOT, if the Engineer wants them.




Section 704.4
Construction Requirements 50

(f) Pile Cut-off and Pile Painting

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

Others try to decide whether their KDOT area
will need piling pieces in the near future. "
Kansas

Depariment of Transportation
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This is one way of
cutting off a pile...
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Section 704.4
Construction Requirements 51

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 52

f. Pile Cut-off and Pile Painting

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

Paint the piling in the field

Section 704.4
Construction Requirements 53

f. Pile Cut-off and Pile Painting
(2) If no painting specified in plans:
Use prime coat of inorganic zinc

Use acrylic or polyurethane finish coat

See Division 700




Section 704.4
Construction Requirements 54

f. Pile Cut-off and Pile Painting

(2) Paintthe piling for a distance of one
foot below :
Bottom of channel
Top of embankment
Natural ground

Normal low-water elevation

Section 704.4
Construction Requirements 55

g. Cast-In-Place Concrete Piles

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

After steel shells are driven, remove all loose
material from inside shells

Fill the shells with Grade 3.5 concrete unless the
plans say otherwise




Section 704.4
Construction Requirements 56

g. Cast-In-Place Concrete Piles

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

Until all piles for that bent are driven

Section 704.4
Construction Requirements 57

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
days

Remove water from inside the shells before placing
concrete




g. Cast-In-Place
Concrete Piles

not a bad pair
of stems for a
rabbit....

Vibrate the concrete
in the upper 15 feet
of the shell

Department of Transportation




Section 704 Piling
704.5 Measurement and Payment 1

The Engineer will measure:

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

Each cast steel pile
point used

Section 704 Piling
704.5 Measurement and Payment 2

The Engineer will measure:

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

In other words, when we had to splice
because the geology didn’t behave




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 :

the contract unit price per foot of
the pile type

Contract unit cost of steel H-pile =
$32.00 per foot

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

The splice would cost
$36.00 X 4 =




These splices
are getting
expensive

Do measure for payment :

Splices shown on the plans

Splices the contractor did for his own
convenience
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The Engineer will measure:

Predrilled holes by the linear foot

Measure from bottom of hole to the bottom
of footing or abutment

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

If Contractor uses predrilling for his
convenience, do not measure for payment




The Engineer will measure:

Pile cut-off by the linear foot

Pile cut-off is the difference between the
length of pile and
the actual length of pile remaining in the
bridge

Length Ordered and Accepted

Length left in bridge

Length of pile cut-off




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

Prestressed Concrete Pile =
75% of the Contract unit price
for prestressed concrete piles

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

piles

Steel Sheet Pile = 75% of the contract
unit price for steel sheet piles
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704.5 Measurement and Payment 13

g

If Contractor uses a longer pile (for whatever
reason)'than the length ordered and acceBted
the excess length is not measﬁrgf as cy;rof%;

5 'k
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Page 1600-18
Steel Pile:

Explains type of steel accepted (ASTM)
Discusses types of welds on pipe pile

Lists the diameter tolerances on pipe pile

Page 1600-18

Pile Points:

Fabricated or cast from steel

References ASTM Standards




And that’s it! You made it. Let us know if you have any questions. Good luck on the test.
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