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P ile Driv ing B as ic s



H ousek eeping

A f t e r n o o n  W o r k s h o p s

• T r a c k  A  - B r i d g e  Q C / Q A  

⚬ D o w n s t a i r s  ( e l e v a t o r  

a v a i l a b l e )

• T r a c k  B  - S c o u r

⚬ S a m e  R o o m



H ousek eeping

C e r t i f i c a t e  o f  A t t e n d a n c e

• I n - p e r s o n  

⚬ S i g n  i n  s h e e t  a t  

r e g i s t r a t i o n  t a b l e

• O n l i n e  A t t e n d e e s

⚬ S u r v e y M o n k e y  a t  

e n d  o f  d a y



H ousek eeping

• Z o o m  C l o s e d  C a p t i o n

• S l i d e s  a r e  a v a i l a b l e

• V e v o x  f o r  I n t e r a c t i o n



Vevox Dem o 





P oll Ques tion
W hat are you ex pecting to 

learn today?



What are you expecting to learn from today's 
presentation?
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What are you expecting to learn from today's 
presentation?
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W ha t  w e a r e not
cover ing toda y

• Design of  dr iven piles

• Sheet  piling insta lla t ion

• Sheet  piling design

• W W E m oves



W ha t  w e a r e cover ing toda y

Pile B a s ics

B r ea k

W ha t  ha ppens  befor e you go onsite

B r ea k

W ha t  ha ppens  w hen you'r e ons ite



P oll Ques tion
W hat is  your role?



What best describes your role
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0%

Design Engineer
0%

Field Engineer
0%
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What best describes your role
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P oll Ques tion
W hat’s  your agency?



What best describes your organization/agency
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What best describes your organization/agency

##/## Results slideJoin at: vevox.app ID: 176-643-191

Federal
##.##%

State
##.##%

County
##.##%

City/Village/Township
##.##%

Consultant
##.##%

RESULTS SLIDE



W hy does  th is  
m a tter ?

What's the worst that can 
happen?



B r idge B a s ics



H idden Depths

S uperstruc ture

S ubstruc ture



Pa vem ent  
Pr oject  R isk



Constr u ct ion 
inspect ion

Dir ect ing w or k ?
Com plia nce?

Docu m ent ing?
Au thor ity?

Cha nged condit ions?

Constr u ct ion 
obser va t ion



P oll Ques tion
H ave you obs erved driven piles  ?



Have you observed pile driving? (watching installation, 
but not responsible for any decisions or documentation)
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Yes
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Have you observed pile driving? (watching installation, 
but not responsible for any decisions or documentation)
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P oll Ques tion
H ave you ins pected driven piles  ?



Have you inspected driven piles? (documenting 
conditions and had authority to determine end of drive)
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I don't know
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Have you inspected driven piles? (documenting 
conditions and had authority to determine end of drive)
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Sha r ed R isk



R oles

M DOT B r idge Ow ner Contr a ctor



H ow  w e 
a r e t r a ined

• O u r  ex per iences
• You r  ex per iences



P oll Ques tion
H ow were you trained to ins pect piles ?  

Did you f eel prepared?



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?
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P oll Ques tion
W hen was  the las t time you 

ins pected pile driving?



When was the last time you inspected pile driving?
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When was the last time you inspected pile driving?
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Train 
the 

Trainer



Assumed 
K nowledge

&
Assumed 

E xperienc e



W ha t  do 
piles  do?

H old stu ff  u p!



W ha t  a r e piles  used for ?

B r idges R eta ining W a lls B uildings



Cost  
vs  
Conser va t ive 
Design

Driving piles deeper 
than necessary is a 
waste of money

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



P oll Ques tion
W ho is  doing your pile 

ins pection at your agency?



Who is doing pile inspections at your agency? (You can 
select multiple)
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Who is doing pile inspections at your agency? (You can 
select multiple)
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P oll Ques tion
W ho determines  when driving 

is  complete?



Who determines when pile driving is complete?
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Who determines when pile driving is complete?
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How many pile driving projects do you have scheduled this summer?

Ask  Tony



W hen do w e stop 
dr iving? 
Who determines "End of Drive"? 



End bea r ing piles

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

H ow  do 
piles  
w or k ?
And w hy do w e 

ha ve dif fer ent  

k inds?

Fr ict ion piles

The soil around the pile resists the 

pile moving up and down

La ter a l piles

The size or angle of the pile resists 

a sideways force



End B ea r ing 
Piles
End bearing piles sit on top of 
a sturdy layer of soil or rock



Friction piles use the 
fr iction between the 

pile surface and the 

soil around the pile to 

resist forces moving 

the pile up or down 

Fr ict ion 
Piles



La ter a l P iles
Lateral piles resist sideways 
forces that are applied to the 
piles. Sometimes these piles 
are installed at an angle 
(battered piles)



Com m on 
Pile M a ter ia ls
In  M ichiga n



CIP Piles

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

P ile  
M a ter ia ls

H  Piles

H piles are a steel section that is 

shaped like a letter H

Tim ber  Piles

Timber piles are a solid piece of 

wood and they can be rectangular 

or round



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

Ask  Tony



H  Piles

Web

Flange

Don’t  
assume 

knowledge





11.80 =

= 0.435

= 0.435

b = 

12.00



P oll Ques tion
W hat k ind of  pile cannot be 

s pliced?  



What kind of piles cannot be spliced?
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What kind of piles cannot be spliced?
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P oll Ques tion
C an piles  be driven too deep?



Can piles be driven too deep?

##/## Question slideJoin at: vevox.app ID: 176-643-191

Yes
0%

No
0%

I don't know
0%



Can piles be driven too deep?

##/## Results slideJoin at: vevox.app ID: 176-643-191

Yes
##.##%

No
##.##%

I don't know
##.##%

RESULTS SLIDE



Em bedm ent

Minimum embedment 
- stability

Maximum embedment 

- avoiding undesirable 

conditions



Pile Dr iving 
Equipm ent



• Air Hammer
• Hydraulic Hammer
• Vibratory Hammer
• Drop Hammer
• Diesel Hammer

⚬ C losed

⚬ Open-ended

• MC  Hammer

S top,

H ammer Time!



Types  of  
ha m m er s

Piles are installed by 
vibrating (shaking) 
into the ground

Vibr a tor y  
H a m m er s

P iles  are installed by 
a large weight (ram) 
hitting them 
inc rementally

Im pa ct  H a m m er s



Diesel Im pa ct  
H a m m er



O pen-ended Diesel H a m m er



Diesel Im pa ct  
H a m m er

Closed 
• Explosion shoots the ram up

• Air compresses against to 

the top and accelerates the 

ram down

• Gravity also pulls the ram 

down

• Energy is transferred to the 

pile



P oll Ques tion
W hat is  a f actor that could 

ef f ect the ef f ic iency of  a 
hammer?



What is a factor that could effect hammer efficiency? 

##/## Question slideJoin at: vevox.app ID: 176-643-191



What is a factor that could effect hammer efficiency? 
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H a m m er  Size &  

Sett ings

H a m m er  Select ion

Pile Size &  

R equir ed Ca pa city

Pile Dr iving Cha r t



Too big

Pile damage during driving
H a m m er  
Sizing

Too sm a ll

Unable to achieve required 

resistance or depth

Just  r ight

Able to drive pile without damage



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

Ask  Tony



H a m m er  
Select ion
Hammer energy is 
the combination of 

two things: 

• Hammer 

weight

• Hammer 

stroke



W ha t  is  
s t r ok e?



O pen-ended Diesel H a m m er



Too la r ge

Too much energy transferred

Too sm a ll

Not enough energy transferred

Just  r ight

C orrec t energy transferred as  

res istanc e inc reases

St r ok e



Things  
tha t  
ef fect  
s t r ok e

Under or oversized 
hammers  for  that s ize pile 

H ammer vs  P ile s ize

Harder c onditions  -
more bounc e

S oil c ondit ions

More fuel - more 
energy

Fuel sett ings



H ow  is  
s t r ok e 
a dju sted?



I f  they'r e r unning, 
you should a lso be 
r unning

Hammer gap



M a nua lly  
stopping the 
ha m m er

The hammer will continue to 
drive until the fuel is no 

longer available



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?

Ask  Tony



P oll Ques tion
W hat els e can be us ed to 

prevent damage to the pile and 
evenly dis tribute the hammer 

energy?



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

##/## Question slideJoin at: vevox.app ID: 176-643-191



What else can be used to prevent damage to the pile and 
evenly distribute the hammer energy?
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H a m m er  
Cushions



W ha t  
to 
br ing

Constr uct ion 
docum ents

&  For m s

Inspect ion Tools

PPE



What to 
bring

E quipment

Clipboard for your forms

Forms

S aximeter, s topwatc h

Measuring tape, level, plumb bob

Mirror, f lashlight



H ea r ing 
pr otect ion

Pile driving is LO U D.

You may need double 

hearing protection 

depending on how 

close you are to the 

hammer.



P oll Ques tion
W hat are s ome other things  to 

bring with you f or pile 
ins pection?



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?
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Pla ns

Specif ica t ions

R epor ts

Constr uct ion M a nua l

Constr uction 
Docum ents
&  For m s



Geotech 
R epor t  or  
Soil B or ings

You don't  need to be 

a  geologist  - but  

should get  a  sense of  

the soil types



W her e a r e 
your  
bor ings?



What are some common questions you get about the forms?

Ask  Tony



Measure to 
confirm 

length and 

size

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



B a tter ed 
Piles
Lateral support



P oll Ques tion

H ow do you meas ure batter?



How do you measure batter?
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How do you measure batter?
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P oll Ques tion

W hat is  a reas on that a pile 
might be rejected?



What are some reasons that a pile might be rejected?
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What are some reasons that a pile might be rejected?
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Pile Loca t ion 
Accur a cy



U sing a  
tem pla te 



Pile 
Da m a ge

B efor e dr iving

Mishandling of piles

Dur ing dr iving

Overdriving piles

After  dr iving

Struck by equipment



How much deformation is too much deformation?

Ask  Tony



Pile surface is dirty1

Pile cutoff is  incorrect2

Pile splitting (timber)4

Pile heave3

Pile welding5

Other  Potent ia l 
P ile Insta lla t ion 
Pr oblem s



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

Ask  Tony



Pla cing 
Concr ete

Concrete may not be placed so that there are cold joints



P oll Ques tion
H ow clos e to a f res hly poured 

C IP  pile can you drive a new 
pile?



How close to a 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?
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Splicing

Welding CIP or H Piles
* Remember that you 
cannot splice timber 
piles



Splicing Piles
Welding considerations



P oll Ques tion

W hat is  the max imum number 
of  s plices  per pile?



What is the maximum number of splices?
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1
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3
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4
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What is the maximum number of splices?
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Who inspects pile splice welds? 

Ask  Tony



Pile M ar k ing
• Piles should be 

marked with a 
template for 
accuracy

• Piles should be 
marked so that the 
markings are 
visible during 
driving



Pile M a r k ing



Pay attention to your 
surroundings!

Site Sa fety



• P ic k a referenc e point for  

pile markings

• Try  not to stay  in the same 

spot while an indiv idual pile 

is  being dr iven

⚬ E spec ially  moving your  

line of  s ight up and down

W her e to sta nd



W her e to 
sta nd to be 

sa fe (the 
dur ing the 

w hole dr ive)

W her e 
you  

shou ld 
sta nd

W her e to 
sta nd so the 

pile m a r k ings  
a r e vis ible

Where to 
stand and not 
get covered in 

diesel spray



H ow  do w e 
k now  w hen 
w e a r e 
done 
dr iving?
Determining nominal pile 
resistance



R esista nce 
Deter m ina t ion 
M ethod

Based on the 
cost of the pile 

installation 

portion of the 

project



Interpreting the pile driving 
chart

P ile  
Dr iving 
Cha r t



Let's look at one in depth

Inter pr et ing 
a  Pile Cha r t



P oll Ques tion

P ile C hart Interpretation



O nly 
va lid if  
nothing 
cha nges

If anything changes, contact 
MDOT Geotechnical Services



Pile Dr iving 
Ana lyzer  
(PDA)

Specialized Contractor



Test  Pile
May or may not be a production pile



Least common method

Sta t ic 
Loa d Test



P oll Ques tion

H ave you s een a s tatic  load 
tes t?



Have you seen a static load test?
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I don't know
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Have you seen a static load test?
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P oll Ques tion

H ave you us ed a s ax imeter 
bef ore?



Have you ever used a saximeter?
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Have you ever used a saximeter?
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Output

Sa x im eter



W ha t  is  a  
sa x im eter ?

Records blow count and hammer energy



You input  ha m m er  &  pile 
infor m a t ion

Sa x im eter  lis tens  for  blow s

You input  ea ch foot  of  
penetr a t ion

Sa x im eter  ca lcula tes  
ha m m er  ener gy

How does it  
do that?



Inputs

Sa x im eter



How do I get a saximeter for my project?

Ask  Tony



I 'm  not  going to 
r em em ber  th is . . .

Joe Fox  (M DO T Geotech Ser vices) ha s  you cover ed!



M a nua l m ode

Should automatically register each 
blow, if not it's in Manual mode

Tr ou bleshoot ing 
a  Sa x im eter

Cold tem ps

The screen is liquid crystal and can 

get sluggish in the cold

M icr ophone sensit ivity

Too loud - double counted blows

Too quiet - missing blows



Fou nda t ion 
Pile 
Insta lla t ion

La yout

Are the piles in the correct locations? And 
correct orientations? And the correct 

batter?

Eleva t ion

Is there a minimum tip elevation? Is there a 

maximum tip elevation?

Cutoff  Eleva t ion

Check plans for requirements



Pile Record Forms
1157L  - Test Pile Record

1161L Foundation Piling Record

1956L Pile and Driving Equipment Data

For m s



Document Cam



CIP (furnished and driven)1

Steel (furnished and driven)2

Treated timber (driven)4

Treated timber (furnished)3

Preboring5

Pa y Item s 
Pa id 
Per  Foot



O ther  Pa y Item s 01 Pile Driving Equipment 
(lump sum)

02 Test piles (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)



Do not pay for piling 
cutoff from previous 

sections or for the length 

of the pile tips

Cutoff  
Eleva t ion



Cha nge 
to cu toff  
eleva t ion

2020  Specif ica t ion 2012  Specif ica t ion



Tr em ie Pour



Pu tt ing it  a ll together



Sa x im eter  
Dem onstr a t ion



Pile Dr iving 
Ex a m ple



ctt@mtu.edu
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