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Pile Driving Blow Counts Criteria or 100% Testing:

Advantages, Disadvantages, and Best Practices

Mohamad Hussein, P.E.

www.pile.com

Engineers, Inc.

Deep Foundation Testing & Analyses

R U Swelling
1t Soil

gt Stable
I




10/16/2023




a

and dozens of

e
-
%
%
%
=
2
L%
-
I
NORTH CAROLINA
DEPARTMENT OF ANSPORTATION
FLORIDA RALEIGH
DEPARTMENT
OF
TRANSPORTATION STANDARD SPECIFICATIONS
FOR
ROADS AND STRUCTURES
STANDARD SPECIFICATIONS

et

!

- gt

5

.
\

' There are many hammr manu

|

X

£

i

acturers,
hammer models.

FOR
ROAD AND BRIDGF
CONSTRUCTION

FY 2 4

MISSISSIPPI
STANDARD SPECIFICATIONS

FOR

Standard Specifications
Construction of

ROAD AND BRIDGE

CONSTRUCTION

ALDOT

Alabama Department of Transportation

Transportation Systems

2021

)\ TDOT

2020

Road and Bridge
Specifications

STANDARD e
SPECIFICATIONS
FOR STANDARD SPECIFICATIONS STRUCTURES MANUAL
FOR ROAD AND BRIDGE
DEPARTMENT OF TRANSPORTATION HIGHWAY CONSTRUCTION CONSTRUCTION
JACKSON Introduction - General Introduction
Januaryd 2021 Volume 1 - Structures Design Guidelines

Department of
Transportation

FLORIDA DEPARTMENT OF TRANSPORTATION

10/16/2023



10/16/2023

Driven Piles

Q Q

U.S. Department of Transportation Publication No. FHWA.NHL16.009 o e e S ation o SRR
Federal Highway Administration FINAGEC 61 ourae Fadorsi ighveay Aminioston Al “Yolumel
NHI Courses No. 132021 and 132022 NHI Courses No. 132021 and 132022
Design and Construction of Design and Construction of
Driven Pile Foundations — Volume | Driven Pile Foundations - Volume II
Deveoped folowng ‘Develped foloning;
SASHTOLRED o osn and assuroLeroBigge RASHTO LRFD Bridgn Design Spacificatons, 7 Edion, 2014ith 2015 Intorm.
with 2015 Interim. Editon, 2010, with 11, 12, 13, 14, AASHTO LRFD Bridge Consiruction Specifications, 3 Editon, 2010, with 4, 12, ‘13, 16, and 15
Intrims.

Acceptance Procedures for Structural

NATIONAL i i
ATIONA . Foundations of Transportation
HIGHWAY Structures

RESEARCH

PROGRAM FHWA Geotechnical Engineering Circular 015

SYNTHESIS 418

April 18,2022

Developing Production
Pile Driving Criteria
from Test Pile Data

e

US.Department

of Transportation
Federal Highway
Administration

Office of Infrastructure

A Synthesis of Highway Practice

FHWA-HIF-22-024
April 2022

TRANSPORTATION RESEARCH BOARD

OF THE NATIONAL ACADEMTS




10/16/2023

B
& JonNow @ Sinin Q

V2 Diccast/Prestessed
PCI Concrece Tsticute Design Resources  Projects Gertfation Education  Publicaions  Certfed Plants _ News & Events

Piles

Precast Piles

Precast, presiressed concrete pilings are often the preferred choice for permanent, durable, and economical foundations
especially in marine of bridge environments - due to their excellent adaptabilty and resistance to corrosion. Piles can be spliced
together (o create longer piles. They are used primarly where longer pies are required but transportation needs make the longer

lengtns more dificult or costly to handle due to escort needs and the need for specialized rigs.

Typical sizes: 1010 36 in. for builing projects, larger for bridges.

Typical shapes: 18-in -square (the most common), plus octagonal and round (cylindrical) in sizes as needed. Larger sizes may

have a void castinto them to save on the volume of concrete.

Finishes: They are castin a horizontal position, with an as-cast finish and rotated to theirfinal position at the jobsite by the

erection crew.

Design
% Load

' . How Precast Builds
4 About Precast
v’ Floors and Roofs.

Related Resources & Articles

% Precast Structural Systems

Architectural Resources.
Building Engineering
Resources.

Transportation Engineering
Resources.

Walls
Beams and Columns

> Pies

Transportation Components.
Modular Components.
Miscellaneous Components
Manufacturing

Design & Brand Standards
Guides and Manuals
Sustainability Resources
Research and Development

Free Resources

4
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The pile/foundation design
generally is not completely
finished until the piles are

successfully driven to the
required depth and load
bearing capacity.
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Dynamic Pile Driving
Resistance Bearing Capacity
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Dynamic Pile Driving Resistance - Static Load Bearing Capacity

Blows/Foot “ Tons

Blows/Foot = Tons

Blows/Foot
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Dynamic Pile Driving Resistance ‘ Static Load Bearing Capacity
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Wave Equation Analysis
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DELWAG D 36-02

Ram Weight 7.93 kips
Eficiency 0800
Pressure 1230 (100%) psi

Helmet Weight 200 kips
Hammer Cushion 40000 Kipsfin
COR0fHC. 0800

Skin Quake 0100 in

Toe Quake 0150 in
Skin Damping 0050 sfft
Toe Damping 0150 sift
Pile Length 10000
Pile Penetrafion 9000

File Top Area 2140 in

SHinFi Maximum Maximum

Fle ol ceed Ulimate  Compression Tension
Capacity Stress Stress

kips

100.0 22.80 0.00
2000 28.52 0.73

300.0 35.33 1.31
400.0 41.681 3.05
5000 4767 4.03

600.0 52.18 5.08

———— Stroke (M

5568 5.38
0

120

Blow Count (bI)

Res. Shaft=10%
(Proportional)

Preliminary Wave Equation Analysis Potential Sources of Errors:

Hammer: performance, efficiency
Cushions: stiffness, coefficient of restitution

Soil: static resistance to driving, resistance distribution, quake,
damping, predrilling or jetting effects, open-ended pipe pile plug

Stroke
ft

513
6.32
712
N
8.83
9.60

10.23
0

10/16/2023
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MEASURE (PDA)

7 AN

ANALYZE
Signal matching
CAPWAP

Refined wave
equation analysis

Driving Criteria

Blows/foot, stresses, etc.

Test Piles driving Program

11
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The main goals of Test Piles are
to establish:

- Production Piles Length
- Pile Driving Criteria

12
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Dynamic Pile Testing is measuring
Impact stress-wave traveling down
the pile Ien th and r Elec.ted Waves MEASURING STRAIN AND ACCELERATION

Dila Tan Daflantin

Internet
connection

u—i |
oY\
..\ " Engineer remotely monitors
T ~ : pile testing in real time.
<3 - 1

10/16/2023
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ANNUAL BOOK oF
ASTM STANDARDS

D 4945

EECIONIEOURIES
Construction

VOLUME 04.08
Soil and Rock (I): D 420-D 5779

qm}) Designation: D 4945

Standard Test Method for
High-Strain Dynamic Testing of Piles

10/16/2023
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P 2. 576.00in"2 S|
‘ g L 125.00 ft El
— " 1 S: 14,000.0 f/s J
(4 3X: Max Measured Compr. Stress EMX: Max Transferred Energy]|
" ¢ —- 3l:  Max F1 or F2 Compr. Stress RX5: Max Case Method Capa
! | 5X: Tension Stress Maximum RX2: Max Case Method Capa
v AX: Maximum Velocity RX4: Max Case Method Capa
= K:_O.E. Diesel Hammer Stroke
BL# depth BLC TYPE CSX CsI TSX VMX STK EMX RX5
d ft blAt ksi ksi ksi fis ft k-t kips
20 1.00 20 AV20 119 146 050 29 569 100 244
. 40 2.00 20 AV20 127 159 058 33 577 113 246
A\ 60 3.00 20 0 133 1.65 064 122 234
g een o anD Wl e A2 200
10¢ 0 (33 100 k'ﬂ ")3173
4 4 12 “ 99
P ; S 164
| ] Yy 387
' < el i
4 -"‘1:_37 505
o P AN
" i / 504
N ~\ _,—7 507
1 — 577
} 514
i 451
412
Ve 4 386
373
361
-/ g - 5
/r 300
{ -\\ l\ 292
y — L 303
‘ J_| 310
\ =1 4 =
7- ) )] o f 391
A 418
I 458
Q = 478
= é— 489
. o % 0 P - - 494
o 90 2 (] JIF ] |)351 9
i 597
o P v v eras 984
29 AV29 240 245 095 54 902 280 567
38 AV38 239 245 1.01 57 881 273 538
33 AV33 235 239 1.05 58 856 260 502
36 AV36 239 243 1.10 6.0 866 266 495

54 AV54 216 222 099 53 777 216 466
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Dynamic Pile Testing provides
information for evaluating:

Hammer System Performance.

Pile Driving Stresses and
Structural Integrity.

Soil Resistance and pile static
load bearing capacity.

16
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E:] «—— Potential Energy (PE)
rd

«———— Transferred Energy (EMX)

Work = Force x distance
=FX
EMX = /F d x
= /F d x (dt/dt)
=/Fvdt

MEAN =
STANDARD DE

FREQUENCY OF OCCURRENCE

10% 20% 30% 40% 50% 60% 70% 80%
TRANSFER RATIO, (EMX/PE)

Dynamic Pile Testing provides
information for evaluating:

Pile Driving Stresses and
Structural Integrity.

17
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Soil Resistance and
Pile capacity
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Ryt using Wave down and Wave up

/9\ Fy=545 kips
\

’l"ii’_lf.l“

Rigia = 545 + 273 = 818 kips

gy ity e

CAPWAP Method

10/16/2023

PDA/CAPWAP
Analysis Results

36
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Final Program eV 4
ATLANTA - S ) .
- Class-A Correlation of Static Load Testing
‘ CONGRESS 4and PDA/CAPWAP Dynamic Testing Results
2 0 0 6 FEBRUARY 26 - MARCH 1

Geotechnical Engineering in the Information Technology Age

3
¥

-
o

SENSING METHODS AND DEVICES

Settlement (mm)
&

N
o

—e&— Static Load Test
= CAPWAP

1000 2000 3000 4000 5000
Load (kN)

Florida State Road 528 over

Indian River Bridge

= 1

PDA testing & iCAP

B/

iICAP is a quick signal
matching program; it is
based on the automatic
routines of CAPWAP®

NIISEA

The quickness of iCAP
makes a signal matching
result available as the data
is being acquired, i.e.,
during pile driving

The results are independent
of user experience

19
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Pile Driving Criteria_Test Pile, then production piles
PDA testing, CAPWAP analysis, refined GRLWEAP

S

N\

Example: 96 ft long, 30-inch square voided PCP,
APE D80, Required capacity 1030 Kkips

“
~2

CAPWAP analysis
S

~

VAN,

A

PDA Dynamic testing of Test Pile.

‘o

Refined Wave Equation
Analysis of Test Pile data,
Driving Criteria.

N /TN
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200,k d Ultimate Pile Load

—— Force Msd —— Force Msd
— — Force Cot — — Velocity Msd g Capacity 1,030 kips

CSX (ksi)
Max Measured Compr.

CAPWAP SUMMARY RESULTS
Total CAPWAP Capacity: 1041.0; along shaft  222.5; at Toe  818.

Soil  Dist Depth Ru Force Unit

Sgmnt Below Below in Pile of Resist
No. Gages Grade (Depth)
£t £t kips i kips/£t

1041.
1041.
1041,
1032.
1012.
986.
952.
910.
876.
847.
818.

Avg. Shaft 22,

MR RN NN RN NN RN RN EEN NN NN NN RN R e

BN S B 9G9I R NN AR e IR e n R ARG NN e

Toe 818.

1.0
TS (ksi) ——— Soil Model Parameters/Extensions Toe

Tensicn Stress Maximun

Quake 0.500
LET7 1 - Template Elevation = +20.08
Case Damping Factor 0.280

Unloading Quake (% of loading suake) 120
Reloading Level (% of Ru) 100
Unloading Level (% of Ru)

Resistance Gap (included in Toe Quake) 0.170

CAPWAP match quality 2.76 (Wave Up Match) ; RSA - 0
Observed: final set = 0.108 in; blow eount 111 b/ft
computed: final set 0.108 in; blow count 111 b/ft

Capacity 1030.0 Kips.

Driving of the 30 inch square with 18-inches diameter void, 75 feet long production piles,
with capacity as specified in the project construction plans (i.e., 515 tons Nominal Bearing
Resistance), may be stopped if one of the following criteria is met:

Practical refusal (20 blows per inch with a 10 feet hammer stroke height)
is reached during driving and the minimum penetration requirements are
achieved.

The required blow count versus its respective hammer stroke is
achieved for two consecutive feet (with blow count increasing) and the
minimum penetration requirements are met. The blow count per foot
required for the respective strokes are as follows:

Stroke (ft) Blows/foot

8.50 118
8.75 110
9.00 100
9.25 80

21



Driving Criteria — page 2 of 2

Employ the same hammer equipment, means and methods used in the

Test Pile program to install the production piles.

If there is a change in the hammer driving system, or installation
methods, notify the project engineer to check/confirm the criteria.

Use a new 16-inch thick plywood cushion for each pile, change every
1700 blows, or as needed. Use it for 240 blows before applying criteria.

Start driving with hammer fuel pump setting #1, increase the setting to
next higher at 50 blows/foot, and decrease to the lower at 25 blows/foot.

Stop pile driving if the pile top is one foot above cut-off elevation
and notify the project engineer for a possible restrike test.

Pile Acceptance Based on Inspection

Is There a Minimum Tip
Elevation Specified in the
Plans ?

Have You Met the Driving Criteria
Specified by the
Geotechnical Engineer

Have You Reached the No
Minimum Penetration

Have You Reached —¥
Practical Refusal Is the Pile wlthlm
(10 or 20 Blowsfinch) 1 foot of the Pile

Have You Reached
Practical Refusal
(10 or 20 Blows/inch)

Stop for Setcheck Yes
Contact EOR

Cutoff Elevation

‘No

Stop- Contact
EOR
Keep
Driving

10/16/2023
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The distance between 80 and 85 feet is 6.25 feet!

23



PILE DRIVING INFORMATION
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The Bad

Missing blow counts ?

Final blow count ?

Hammer Stroke ?
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Construction
Training Qualifieation Pragram

CTQP FDOT

Pile Driving Inspector’s
Qualification Course
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Engineering, Construction, and Inspection
must work together for a successful project.

The two main (engineering) goals
of Test Piles are to establish:

- Production Piles Length
- Pile Driving Criteria

But ... it can be expensive,
time consuming,

not warranted,

or ineffective..

10/16/2023
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... alternatively, some projects drive production
piles without test piles and blow count criteria,
but with 100% PDA dynamic pile testing.

BENEFITS:

P -+ optimizes construction efficiency and economy.

+ Increases engineering reliability.

28
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Must determine production
piles length ahead of time ...

57

Interesting cases:

Case A

1,750 3,500 kips

L~

L LIV e B

120 240 bl/ft

58
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Case B

HP 14x89, D-30 Hammer

oo BLC (bUft) e IX (Kips]
Blow Count Maximum Case Method Capacity (JC)
s o 15 30 45 60 0 150 300 450 600
el %‘[" 20 | \ ! .
o =% 3
I : 2|
- H 20 |
H
3o
20 15
£
25 £
5z T 10
% : 5|
o 5 o]
o 0/
205
i ol 5
= 3070
2070
z 3070
3070 10 4
20 070
388
el 8 G 15
-20
Case C
Test Pile - SPT Boring
SPT N-values, blows/foot 18-inch Concrete : Pileco D30-32
Case Method Capacity, kips
25 050 100 150 200 250 300 0 100 200 300 400 600 700 800
25
T 35 \ 35 5
: 45
g . 45
& ] :kz
Bt g l| Lo =
i3 = g s> —
£E E 65 RS
— 5 g &5 [T
— s g K s
— 5] o ]
— 2 75 & ]
— 75 e
— r Y
—
o — 85 RS I
H— l 85 =
D — 95 ~ T
S — 7 \
— 95 5 -
—
—
— ====SPT Blow Count o 50 100 150 200 250 300
Blow Count, blows/foot

Case Method Capacity === Pile Driving Blowcount

100 tt long pile

60
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... some projects incorporate the best practices of
both Test Piles and 100% production piles testing.

SR 19 over Little Lake Harris Bridge Replacement

31
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MHussein@pile.com
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