Plle Driving Basics

Zack Fredin and Ingrid Sandberg

Center for Technology & Training
Michigan Local Technical Assistance Program



Housekeeping

Afternoon Workshops
e Track A - Bridge QC/QA
o Downstairs (elevator
avallable)
e Track B - Scour
o Same Room




Housekeeping

Certificate of Attendance
e IN-person
o Sign In sheet at
registration table
e Online Attendees
o SurveyMonkey at
end of day



Housekeeping

e /Zoom Closed Caption
e Slides are availlable
e Vevox for Interaction




Vevox Demo
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Introduction




Poll Question

What are you expecting to
learn today?




2 0/10 Join at; vevox.app ID: 176-643-191 Question slide

What are you expecting to learn from today's
presentation?



m Join at: vevox.app ID: 176-643-191 Showing Results

What are you expecting to learn from today's
presentation?

RESULTS SLIDE




What we are not
covering today

 Design of driven piles
 Sheet piling installation
 Sheet piling design

« WWE moves



What we are covering today

Pile Basics

Break

What happens before you go onsite

Break

What happens when you're onsite




Poll Question

What is your role?




o HH/HH#

What best describes your role

Project Manager

Join at: vevox.app

ID: 176-643-191 Question slide

Design Engineer

Field Engineer

Field Technician

0%

0%

0%

0%



m Join at: vevox.app ID: 176-643-191 Results slide

What best describes your role

Project Manager

[ IREE
Design Engineer

| ez
Field Engineer

I #HH #H#%
Field Technician

[ 4 4%

RESULTS SLIDE




Poll Question

What’s your agency?
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What best describes your organization/agency

Federal

ID: 176-643-191 Question slide

State

County

City/Village/Township

Consultant

0%

0%

0%

0%

0%



S Hit/H

What best describes your organization/agency

Federal

Join at: vevox.app ID: 176-643-191 Results slide

State

County

City/Village/Township

Consultant

RESULTS SLIDE

Hi# H##%

Hi# H#HN

Hi# HH%

Hi# HH%

Hi# H#HHN



Why does this
matter?

What's the worst that can
happen?
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sSuperstructure

Substructure

v\

e

Hidden Depths



Pavement
Project Risk




Construction

Inspection

Directing work?
Compliance?
Documenting?

Authority?

Changed conditions?

Construction
observation



Poll Question

Have you observed driven piles ?
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Have you observed pile driving? (watching installation,
but not responsible for any decisions or documentation)

Yes

] 0%
No

J 0%
| don't know

] 0%
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Have you observed pile driving? (watching installation,
but not responsible for any decisions or documentation)

Yes

[ IREE
No

| ez
| don't know

| Y

RESULTS SLIDE




Poll Question

Have you inspected driven piles ?
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Have you inspected driven piles? (documenting
conditions and had authority to determine end of drive)

Yes

] 0%
No

J 0%
| don't know

] 0%
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Have you inspected driven piles? (documenting
conditions and had authority to determine end of drive)

Yes

[ IREE
No

| ez
| don't know

| Y

RESULTS SLIDE




Shared Risk




_’*VIDOT

Michigan Department of Transportation

MDOT Bridge Owner Contractor



HOW we
are trained

e OQur experiences
e Your experiences




Poll Question

How were you trained to inspect piles?
Did you feel prepared?
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How were you trained to inspect pile driving? Did you feel
prepared?
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How were you trained to inspect pile driving? Did you feel
prepared?




Poll Question

When was the last time you
Inspected pile driving?




m Join at: vevox.app

When was the last time you inspected pile driving?

Never

ID: 176-643-191 Question slide

More than 10 years ago

Between 5 and 10 years ago

Between 2 and 5 years ago

Within the last 2 years

0%

0%

0%

0%

0%



S Hit/H

When was the last time you inspected pile driving?

Never

Join at: vevox.app ID: 176-643-191 Results slide

More than 10 years ago

Between 5 and 10 years ago

Between 2 and 5 years ago

Within the last 2 years

RESULTS SLIDE

Hi# H##%

Hi# H#HN

Hi# HH%

Hi# HH%

Hi# H#HHN



Train
the
Trainer




Assumed
Knowledge
&
Assumed
EXxperience




What do
piles do?

Hold stuff up!




What are piles used for?

Bridges Retaining Walls Buildings



Cost

VS
Cconservative
Design

Driving piles deeper
than necessary is a
waste of money

Driving piles
shallower than
necessary may not
support the bridge as
designed



Poll Question

Who Is doing your pile
Inspection at your agency?
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Who is doing pile inspections at your agency? (You can
select multiple)

Entry-level engineers (Engineer-In-Training)

ID: 176-643-191 Question slide

Licensed engineers (P.E.)

Field Technician

Interns

0%

0%

0%

0%



S Hit/H

Who is doing pile inspections at your agency? (You can
select multiple)

Entry-level engineers (Engineer-In-Training)

Join at: vevox.app ID: 176-643-191 Results slide

Licensed engineers (P.E.)

Field Technician

Interns

RESULTS SLIDE

Hi# H##%

Hi# H#HN

Hi# HH%

Hi# HH%



Poll Question

Who determines when driving
IS complete?
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Who determines when pile driving is complete?
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Who determines when pile driving is complete?




Ask Tony

How many pile driving projects do you have scheduled this summer?



When do we stop
driving?

Who determines "End of Drive"?




How do
piles
WOork?

And why do we
have different
Kinds?

End bearing piles

Like stilts! The pile rests on a
sturdy subgrade layer.

Friction piles

The soil around the pile resists the
pile moving up and down

Lateral piles

The size or angle of the pile resists
a sideways force



End Bearing
Piles

End bearing piles sit on top of
a sturdy layer of soil or rock




Strong Soil
or Rock

E 2

Friction
Piles

Friction piles use the
friction between the
pile surface and the
soil around the pile to
resist forces moving
the pile up or down



Lateral Piles

Lateral piles resist sideways
forces that are applied to the
piles. Sometimes these piles
are installed at an angle
(battered piles)




Pile Materials
In Michigan



CIP Piles

Pile
Materials

CIP piles consist of a steel pipe that
Is filled with concrete

H Piles

H piles are a steel section that is
shaped like a letter H

Timber Piles

Timber piles are a solid piece of
wood and they can be rectangular
or round




Ask Tony

What trends are you seeing with bridge foundations in terms of pile type/material?



Flange

H Piles

Web

Don’t

assume
knowledge










Poll Question

What kind of pile cannot be
spliced?
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What kind of piles cannot be spliced?

CIP Piles

] 0%
Timber piles

] 0%
H piles

] 0%
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What kind of piles cannot be spliced?

CIP Piles
[ IREE
Timber piles

ez
H piles

Y

RESULTS SLIDE




Poll Question

Can piles be driven too deep?
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Can piles be driven too deep?

Yes

] 0%
No

] 0%
| don't know

] 0%
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Can piles be driven too deep?

Yes

[ IREE
No

| ez
| don't know

| Y

RESULTS SLIDE




Embedment

Minimum embedment

- stability

Maximum embedment
- avolding undesirable
conditions




Pile Driving
Eguipment




o Alr Hammer
e Hydraulic Hammer
e Vibratory Hammer
 Drop Hammer
e Diesel Hammer

o Closed

o Open-ended
e MC Hammer
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Hammer Time!



Types of
hammers

Vibratory
Hammers

Piles are installed by
vibrating (shaking)
Into the ground

Impact Hammers

Piles are installed by
a large weight (ram)
hitting them
Incrementally



Diesel Impact
Hammer




Open-ended Diesel Hammer



Diesel Impact
Hammer

Closed

e Explosion shoots the ram up

e Air compresses against to
the top and accelerates the
ram down

e Gravity also pulls the ram
down

 Energy is transferred to the
pile



Poll Question

What is a factor that could
effect the efficiency of a
hammer?
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What is a factor that could effect hammer efficiency?
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What is a factor that could effect hammer efficiency?




Hammer Selection

Hammer Size & Pile Size &
Settings Required Capacity

Pile Driving Chart



Too big

Hammer
Sizing

Pile damage during driving

Too small

Unable to achieve required
resistance or depth

Just right

Able to drive pile without damage




Ask Tony

What happens if the contractor shows up with a different hammer
than they submitted?



- Hammer
~— Selection

Hammer energy Is

| { the combination of
StFOke two things:

e Hammer
weight

e Hammer
stroke
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Open-ended Diesel Hammer



Stroke

Too large

Too much energy transferred

Too small

Not enough energy transferred

Just right

Correct energy transferred as
resistance increases

1l |
HI BE | CONSISTENT




Things
that
effect
stroke

Hammer vs Pile size

Under or oversized
hammers for that size pile

Soill conditions

Harder conditions -
more bounce

Fuel settings

More fuel - more
energy



How IS
stroke
adjusted?




If they're running,
you should also be
running

Hammer gap



¥
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Manually
stopping the
hammer

The hammer will continue to
drive until the fuel Is no
longer available



Ask Tony

What are some situations where you might stop the hammer before
you've reached the desired pile resistance?



Ask Tony

What are some considerations for when you resume driving the pile?



Poll Question

What else can be used to
prevent damage to the pile and
evenly distribute the hammer
energy”?
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What else can be used to prevent damage to the pile and
evenly distribute the hammer energy?
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What else can be used to prevent damage to the pile and
evenly distribute the hammer energy?
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Hammer
Cushions



What
to
bring

S
[l

42
x 57

53 A

S DETAIL B
2 2

8 HP 14 ?3

HANOLING HOLE = ; : 89

SPLICE DETAILS
FOR PILES IN HORIZONTAL POSITION

BACK GOUGE AND GRIND EDGE PREPARATION SMDDTH.

DRILL OR FLAME CUT CIRCULAR HANDLING HOLE. GRIND FLAME CUT HOLE TO MAKE CIRCU
AND REMOVE HARDENED EDCE OR CUT OFF SECTION OF PILE WITH FLAME CUT HOLE PRIOR
SPLICING DR CONCRETE PLACEMENT. HOLES IN FLANGES ARE PERMITTED FOR HANDLING O
IF THAT PORTION OF THE PILE IS CUT OFF PRIOR TO SPLICING DR EMBEDMENT INTO CON(

PREPARED BY
DESIGN DIVISION

construction

documents
& Forms

Inspection Tools

PPE



What to Equipment
b r | n g Clipboard for your forms

Forms
Saximeter, stopwatch
Measuring tape, level, plumb bob

Mirror, flashlight



Hearing
protection

Pile driving is LOUD.
You may need double
hearing protection
depending on how
close you are to the
hammer.




Poll Question

What are some other things to
bring with you for pile
Inspection?
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What are some things you should bring with you when
you go out to inspect a pile installation?
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What are some things you should bring with you when
you go out to inspect a pile installation?




Construction
Documents —
o o

Construction Manual




Geotech
Report or

You don't need to be
a geologist - but
should get a sense of
the soil types




Where are
your
borings?




Ask Tony

What are some common questions you get about the forms?
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Measure to
length and

s|ze

Confirm the
hammer on-
site matches
the
approved
equipment

Check for
material
stamps
indicating
the steel is
as approved

Make sure
you
understand
end of drive
criteria

Confirm
field
locations
match the
drawings



Battered
Piles

Lateral support

Positive batter pile Vertical pile Negative batter pile







S HH/H Join at; vevox.app ID: 176-643-191 Question slide

How do you measure batter?
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How do you measure batter?




Poll Question

What is a reason that a pile
might be rejected?
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What are some reasons that a pile might be rejected?
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What are some reasons that a pile might be rejected?




1le Location
Accuracy

P
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Using a
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Before driving

Mishandling of piles

During driving

Overdriving piles

After driving

Struck by equipment



Ask Tony

How much deformation is too much deformation?



Other Potential
Pile Installation
Problems

Pile surface Is dirty
Pile cutoff Is Incorrect
Pile heave

Pile splitting (timber)

Pile welding



Ask Tony

In your experience what is the most common reason piles are
rejected?



Placing
Concrete

.-1'_ A 'b‘




Poll Question

How close toa freshly poured
CIP pile can you drive a new
pile?
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How close to a freshly poured CIP pile can you drive a
new pile?

6 inches

ID: 176-643-191 Question slide

10 feet

20 feet

50 feet

100 ft

0%

0%

0%

0%

0%



S Hit/H

How close to a freshly poured CIP pile can you drive a
new pile?

6 inches

Join at: vevox.app ID: 176-643-191 Results slide

10 feet

20 feet

50 feet

100 ft

RESULTS SLIDE

Hi# H##%

Hi# H#HN

Hi# HH%

Hi# HH%

Hi# H#HHN



Splicing

Vil
o A Vel
| =~ Welding CIP or H Piles
| é" *Remember that you
*1, o= cannot splice timber

piles




Icing Piles

SP|

I0NS

INng considerat

Weld




Poll Question

What is the maximum number
of splices per pile?
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What is the maximum number of splices?

ID: 176-643-191 Question slide

0%

0%

0%

0%
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What is the maximum number of splices?

RESULTS SLIDE

Hi# H##%

Hi# H#HN

Hi# HH%

Hi# HH%



Ask Tony

Who inspects pile splice welds?



* Piles should be

ing

Pile Mark

marked with a
template for

accuracy
* Piles should be
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Pile Marking




Site Safety

Pay attention to your
surroundings!




Where to stand

 Pick areference point for
pile markings
 Try not to stay in the same
spot while an individual pile
IS being driven
o Especially movingyour
line of sight up and down




Where to Where Where to

stand to be
safe (the
during the

stand whole drive)

stand so the you

pile markings should
are visible

Where to
stand and not
get covered in

diesel spray




How do we
' know when
' we are
done
driving?

Determining nominal pile
resistance




Project
Driven
Pile Cost

Pile Certification
Method

Resistance
Factor(®@dyn)

) FHWA-Modified
<3300,000 | 5ates Formula
>$300.000

>5500,000

Dynamic Testing/
Signal Maiching
PDA Testing)
Static Load Test
with Dynamic
Testing/  Signal
Matching (PDA
Testing

0

Resistance
Determination
Method

Based on the
cost of the pile
Installation
portion of the
project



PILE DRIVING TABLE
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Pile
Driving
Chart

Interpreting the pile driving
chart



PILE DRIVING TABLE
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Interpreting
a Plle Chart

Let's look at one In depth



Poll Question

Pile Chart Interpretation




Only —
valid iIf CHANGE
changes

If anything changes, contact
MDOT Geotechnical Services




Pile Driving : 1o
Analyzer
(PDA)

Specialized Contractor



S 16"3 C.IP PILES | .
ESTIMATED LENGTH | PILE | ooy yrpe | e Tjr

FURKISHED & DRIVEN | FOINTS

ITL/ABUTMENT A OUTLINE

ITT@ 0

1" EXP JIT

MOTES,
()  DEMOTES VERTICAL PILES

DEMOTES YERTICAL TEST PILES

Test Pile

May or may not be a production pile



Static
Load Test

Least common method




Poll Question

Have you seen a static load
test?
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Have you seen a static load test?

Yes

] 0%
No

] 0%
| don't know

] 0%
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Have you seen a static load test?

Yes

[ IREE
No

| ez
| don't know

| Y

RESULTS SLIDE




Poll Question

Have you used a saximeter
before?
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Have you ever used a saximeter?

Yes

] 0%

No

] 0%
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Have you ever used a saximeter?

Yes
[ IREE

No
| ez

RESULTS SLIDE




| BREVORTB - Notepad

File Edit

20 .00 44

21 .00 52

22 .00 2
STOP:13:18
Total Bcocnt:

Saximeter

L 50.08ft
DT 2019-69-16, 11:55/12:09
Output PJ 119052A

OW PILE DYNAMICS

HN I19

Hd 4.02kips

START:11:55
PEN BN

+t

S8.00
9.00 28
190 .00 S P
11 .60 42
12.0680 41
13.00 46
14 .00 49
15 .90 51
16.0886 70
17 .06 73
18.080 72
19.0680 72
19.92 64

STOP:12:089

Total Bcnt: 640
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What Is a
saximeter?

I'Ei

O T
j \.“u
H e
iy Hurrml'llll'ﬂ'l'l i

Records blow count and hammer energy



How does it [FETREERE
do that?

Saximeter listens for blows

You input each foot of
penetration

Saximeter calculates
hammer energy




SAXIMETER

CEE NI Ly | -
'I'! LaET TOT AL

Saximeter - g

Inputs

Lo oy |




Ask Tony

How do | get a saximeter for my project?



e ——

\ SAXIMETER /&7

INSTRUCTIONS FOR
USING A SAXIMETER

I'm not going to
remember this...

Joe Fox (MDOT Geotech Services) has you covered!




Troubleshooting
a Saximeter

Manual mode

Should automatically register each
blow, If not it's In Manual mode

Cold temps

The screen is liquid crystal and can
get sluggish in the cold

Microphone sensitivity

Too loud - double counted blows
Too quiet - missing blows



Foundation -ayout

Are the piles in the correct locations? And
P | I e correct orientations? And the correct

_ batter?
Installation

Elevation

Is there a minimum tip elevation? Is there a
maximum tip elevation?

Cutoff Elevation

Check plans for requirements



1956 (02/20) LRFD PILE AND DRIVING Clear Form
EQUIPMENT DATA

DISTRIBUTION: ORIGINAL — Project/Resident/Delivery Engineer Files,
COPIES — Bureau of Bridges and Structures - Geotechnical Services Section, Bridge Construction

CONTROL SECTION FROJECT NO.
STRUCTURE NO. STRUCTURE LOCATION F O r m : ;

PRIME CONTRACTOR

PILING CONTRACTOR

ENGINEER INSPECTOR P i I e R e CO rd FO rm S
Manufacturer: Model: 1 1 5 7 L B Te St P i Ie R e CO rd
Manutacturars Masimmam Rated Energy: -~ {fba) : e
gtfgltl;a;i Maximum Rated Energy: —E(ﬂ}} 1 1 6 1 L FO u n d atl O n P I I I n g R e CO rd

Blow Count at Maximum Rated Energy: (blows/min)
Range in Operating Energy: to (ft-1b)

Modneatons, 0 ———— " 1956L Pile and Driving Equipment Data

Ram Weight: (Ibs)
Ram Length: (ft) (for diesel hammers)

Anvil Cross Sectional Area:
(With diesel hammers) Anvil Weight:

Hammer Material # 1 Material # 2
Cushion Mame: :

Area (in):

Mo. of Plates:

Thickness: (in):

Mod. of Elasticity - E: (psi)

Stiffness: (kips/in)

(Area*EM(Thickness)

Coefficient of Restitution - e:
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Helmet(Drive head) + Adapter (Pile Insert)
Weight: (lbs) + {lbs) =

File Material:
Cushion Area:
(Only for Mo. of Sheets: Thickness/Sheet:
Timber Total Thickness of Pile Cushion:
Piles) Mod. of Elasticity - E:
Coefficient of Restitution - e;

Diameter: (in) Wall Thickness:
Taper (if any):

Ordered Length:

Required Mominal Pile Driving Resistance (Rndr)
Description of Splice:

Tip Treatment/Pile Points/Plate Description:

Submit Data Sheet for Each Proposed Hammer and Unique Driving Condition.



Document Cam



Pay ltems
Paild
Per Foot

CIP (furnished and driven)
Steel (furnished and driven)
Treated timber (furnished)
Treated timber (driven)

Preboring



O t h er P ay | te M S B 01 Pile Driving Equipment

(lump sum)

M 02 Testpiles (any material -
paid as each)

03 Pile points (CIP or Steel -
paid as each)

04 Test pile (furnished
equipment for dynamic
analysis - paid as each)

05 Test pile (dynamic analysis -
paid as each)




Cutoft
Flevation

Do not pay for piling
cutoff from previous
sections or for the length

of the pile tips




Change
to cutoff
elevation

2020 Specification 2012 Specification
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Putting It all together



Saximeter
Demonstration







Thank you!
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