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Overview of Pile
Dynamics

Background and the
Dynamic Formulae

Development of the
Wave Equation

Application of the
Wave Equation to Piles

Use of the Wave
Equation in field
monitoring

Statnamic Testing
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Dynamic Formulae

 The original

method of
Mass of hammer estimating the
( Penetration resistance relationship
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Q%9 = €5 * 95 €% "985 5 buchin, 95%%ae count of the
,-,/-:,g 05 Re hammer and the
Eﬂ:ffge hw @‘Ff:ﬁ':'c compression "('?apaCIty" onliig
! of sodl, cushﬁn and pile |
Sl « Use Newtonian
| t mechanics
—_— @ h 9@ (';-I;Lfm:ﬁﬂi:nfaf mpac cclie
(W] +~ hEZP restctudion
{:J’(}"" "F)
Hﬂ:faf F Mass of

hammer Ft.l‘" -



Engineering News

Formula
® Variables
2E.
P = ® E = Rated striking
 s+0.1 energy of the hammer,
ft-kips
e Developed by ® s = set of the hammer
A.M. Wellington in oer blow, in.

1888

e The most common
dynamic formula

e Assumes a factor
of safety of 6

® P_=allowable pile
capacity, Kips



ther Dynamic Formulae

(after Parola

Table A.1
TABULATION OF PILE ENERGY FORMULAS
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Table A.1 (continued)

Cenadien National Building Code:

_— 12 ep &y Er
u s + ef2
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Table A.1 (continued)

W+ 0.5n° W

= L . .
e‘1 = T Point Bearing Piles
1 p
R -
Z -2l
e =3° (55~ + 0.0001)

19. BStatistical Adjustments of Gates Formula (Olson and Flaate, 1967):

R =Cy -/ef E_ log(10/s) - C,

Key: R, ultimate pile capacity (1lbs)
Er reted hammer energy {ft-lbs)
s set (ih.)
z temporary set representing losses (in.)
WP weight of the pile (1bs)
Wy weight of the ram (ibs)
h height of ram fall (ft)
A cross-sectional ares of pile (in.z)
E Young's modulus of pile (psi)
- L length of pile (ft)
i length of pile, measured. from head to center of driving resistence
resistance (ft)
ep hammer efficiency (%)
AP effective area of piston {in.?)
P mean pressure of steem or air (psi)



Weaknesses of Dynamic
Formulae

Does not take into consideration the elasticity of the
pile, which is distributed with the mass

No really accurate model of the cushion and cap
system between the hammer and the pile

Newtonian impact mechanics not applicable since
the pile is in constant contact with the soill

No abllity to estimate or calculate tensile stresses in
the pile



The Wave Equation

O’u I O°u

9.3 O = — V derived from the “Wave Equation”:

where O =  stress
E = Young’s modulus I
C wave propagation speed c= |=
v = particle velocity P
e When applied to piling, must e \Variables

be expanded to include

e U =displacement, m
dampening and spring of shaft P

e X = distance along the

Restance length of the rod, m
e Closed form solution possible e t=time, seconds
but limited in application e Hyperbolic, second
e Solved numerically for real order dlfferentlal
eqgquation

piling problems




Semi-Infinite Pile Theory

e From this, Ut * Assumes pile:
Ux= c 0 Has no resistance of any kind
_ _ _ along pile shaft
* This re_lates p_”e particle o Starts at x = 0 and goes to
velocity to pile infinity
displacement o Has no reflections back to the
_ o pile head
* Define pile impedance: For semi-infinite piles,
E,A GA=F=Z,v
(94) ZP _ p<ip (9.5) A=F=Z7,v,
Cp M h 2 il crosssetion e
F = force in the pile
Zp = pile impedance
. . vp -= pile particle velocity
where Zp, = pile impedance
Ep = Young’s modulus of the pile material
Ap = pile cross section area

cp = wave propagation speed (= speed of sound in the pile)



Modeling the Pile
Hammer

o With semi-infinite pile
theory, pile is modeled
as a dashpot

« Ram and pile top
motion solved using
methods from dynamics
and vibrations

e For cushionless ram:
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Closed Form Solution
Finite Undamped Pile

l Rom  Moss e Simple hammer-pile-soil
% K  Hammer Cushion system
m  PileCap « We will use this to

analyze the effect of

Pile:

Uniform Cross Sectiondl Area the variation of the pile
Uniform Density and Elasticity
Zero Initial Velocity, Displacement toe

* Pile toe spring stiffness
can vary from zero (free
end) to infinite (fixed
end) and an
iIntermediate condition

% Ko Pile Toe Spring

. . L
Pile Period:  Tp=—



Fixed End
e Re SUltS

Pile Stresses, 0 < t < 4L/c

Pile Displacements, 00 < t < 4L/¢




Intermediate Case Results

Pile Displacements, 0 < t < 4L/¢c
00354

Pile Stresses. 0 <

< 4Li¢c
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Numerical Solutions

e Subsequent e First developed at
Solutions Raymond
o FI (Texa§t . Concrete Pile by
ransportation A L. '
Institute) — late 1960's A L. Smith (1.960)
e Very similar to Smith's e Solution was first
solution done manually,
e GRL/Case - 1970's then computers
anA% (}9(?03 t were involved
o ed adequale .
modeling of diese e One of the first
hammers | applications of
g ©C convenience computers to civil

e TNO engineering



Necessity for Numerical
Solution

Non-uniformity of the pile cross
section along the length of the
pile, and in some cases the pile
changes materials.

Slack conditions in the pile. These
are created by splices in the pile
and also pile defects.

With diesel hammers, the force-
time characteristics during
combustion are difficult to simulate
in closed form. (It actually took
around fifteen years, until the first
version of WEAP was released, to
do a proper job numerically.)

Unusual driving conditions, such as
driving from the bottom of the pile
or use of a long follower between

the hammer and the pile head.

Existence of dampening, both at the
toe, along the shaft, and in all of the
physical components of the system. In
theory, inclusion of distributed spring
constant and dampening along the
shaft could be simulated using the
Telegrapher’s wave equation, but
o][her factors make this impractical
also.

Non-linear force-displacements along
the toe and shaft, and in the cushion
material. Exceeding the “elastic limit”
of the soil is in fact one of the central
objects of pile driving.

Non-uniformity of soils along the pile
shaft, both in type of soil and in the
intensity of the resistance.

Inextensibiliity of many of the interfaces
of the system, including all interfaces of
the hammer-cushion-pile system and
the pile toe itself.



Wave Equation for Piles
in Practical Solution

(a) Schematic of System  (b) Model

Diesel

Air/Steam/Hydraulic

Il

Assembly

(c) Soil Model

-7 TR RS

Soil
(d) Representation of — —
Soil Model 1
Dynamic Static
Resislance Resistance
d R, z2  Hammer Cushion @ Elastic Connection
Nesss§ Helmet 7N Vibrator and Jaws
& Pile Cushion Vibration Isolator

Velocily

q Displacement




“Bearing
Graph”
Result of
Wave

Equation

19-Oct-2015

GRLWEAP Version 2010
=0t =0t VULCAN 5110
E Stroke 151 m
= 160 160 P Fam Weight 43950 kM
E F | = Efficiency 0.670
= @ Helmet Weight 17526 kM
w120 120 & :
- = Hammer Cushion 1516 EMN/mm
= c COR of H.C. 1.000
= g 2 Skin Quake 2500 mm
E = Toe Quake 10.160 mm
i | Skin Damping 0.350 sec'm
%E._ S S R S S i Toe Damping 0.500 sec/m
File Length 12733 m
File Penetration T3T73 m
0 Q File Top Area 1624 20 cm2
E0000
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Table 9-11. Maximum allowable stresses in pile for top driven piles (after AASHTO, 2002;

FHWA, 2006a)

Maximum Allowable Stresses
Pile Type (fy = yield stress of steel; f'. = 28-day compressive strength of concrete: fi,. = pile

prestress)

Design Stress

0.25

0.33 f If damage is unlikely, and confirming static and/or dynamic load tests
Steel H-Piles are performed and evaluated by engineer.

Driving Stress

0.9 f,

32.4 ksi (223 MPa) for ASTM A-36 (f; = 36 ksi: 248 MPa)
45.0 ksi (310 MPa) for ASTM A-572 or A-690, (f, = 50 ksi; 345 MPa)

Design Stress
0251,

0.33 \ If damage is unlikely, and confirming static and/or dynamic load tests
are performed and evaluated by engineer.

Driving Stress
09f,

Unfilled Steel
Pipe Piles

27.0 ksi (186 MPa) for ASTM A-252, Grade 1 (f, = 30 ksi; 207 MPa)
31.5ksi (217 MPa) for ASTM A-252, Grade 2 (f, = 35 ksi; 241 MPa)

40.5 ksi (279 MPa) for ASTM A-252, Grade 3 (f, = 45 ksi ; 310 MPa)
Design Stress
0.25 f; (on steel arca) plus 0.40 f. (on concrete area)

Concrete filled | Driving Stress

steel pipe piles 0.9 f,

o 27.0 ksi (186 MPa) for ASTM A-252, Grade 1 (f, = 30 ksi; 207 MPa)
31.5 ksi (217 MPa) for ASTM A-252, Grade 2 (f, = 35 ksi; 241 MPa)
X 1 a 40.5 ksi (279 MPa) for ASTM A-252, Grade 3 (f; = 45 ksi : 310 MPa)

Design Stress
0.33 f. - 0.27 f;,. (on gross concrete area) ; f'. minimum of 5.0 ksi (34.5 MPa)

fpe generally > 0.7 ksi (5 MPa)

[ )
Precast Driving Stress
re E ; f ; e E ; 1 I l PI'CSU'CSSﬁd_ Compression Limit< 0.85 f - f. (on gross concrete area)
Concrete Piles Tension Limit (1) < 3 (f,)"? +e (on gross concrete areca) US Units*

< 025(f)" +f},e (on gross concrete areca) SI Units *
Tension Limit (2) <fj. (on gross concrete arca)
(1) - Normal Environments ; (2) - Severe Corrosive Environments

[ ) ([ )
rl ‘ ’ en P 1 1 e S *Note: f'; and f,. must be in psi and MPa for US and SI equations, respectively.
Conventionally Design Stress

0.33 ¢ (on gross concrete area) ; . minimum of 5.0 ksi (34.5 MPa)

reinforced

. Driving Stress
concrete piles

Compression Limit < 0.85 . ; Tension Limit <0.70 f; (of steel reinforcement)

Design Stress
0.8 to 1.2 ksi (5.5 to 8.3 MPa) for pile toe arca depending upon species

Timber Pile Driving Stress

Compression Limit <3 g,

o Tension Limit <30,

o, - AASHTO allowable working stress




TAMWAVE

* Originally developed in 2005;
recently extensively revised

o With simple soil and pile input,

capable of the following for
single piles:
— Axial load-deflection analysis
— Lateral load-deflection analysis

— Wave Equation Drivability
Analysis

Uses method presented earlier
to estimate static capacity

Uses ALP method for axial
load-deflection analysis

Uses CLM 2 method for lateral
load-deflection analysis

Hammer database (in ascending
energy order) and initial
hammer selection estimate
available

Includes estimate of soil set-up
In clays



6" Concrete Pile
Example

General Output for Wave Equation Analysis

2018-04-08T17:02:24-04:00 Hesd g S o S
[Time Step, msec | 0.04024 Red Line = Pile Head Impedance*Velocity
: : - Vertical grid spacing from left to right is L./, may not be complete for last spacing.
rP1le Weight, lbs. | 16,000 Plot Limits:
FPile Stiffness, Ib/ ft | 1,777,778 ymsgjg?gggsg ttg Séé?io?.g5
lPile Impedance, lb-sec/ ft | 103,000.1
[L/c, msec | 482813
IPile Toe Element Number | 62
ILength of Pile Segments, {t. | 1
II—Iamrner Manufacturer and Size |VU'LCAN O30
r[{ammer Fated Striking Energy, ft-1bs | 90000
II—Iamrner Efficiency, percent | 67
ILength of Hammer Cushion Stack, in. | 25
|Soil Resistance to Driving (SRD) for detailed results only, kips| 637.8
IPercent atToe | 56.70
IToe Quake, in. | 0.320
IToe Damping, sec/ ft | 0.05




16” Concrete Pile
Example

Element
Element of of
Sail Permanent  Blowsper =~ Maximum =~ Maximum  Maximum Maximum
Resistance,  Set of Pile Footof  Compressive Compressive Tensile = Tensile Number of
kips Toe, inches = Penetration = Stress, ksi Stress  Stress, ksi Stress  lterations
127.6 2.335 3.1 2.01 3 0.55 10 1200
255.1 1.114 10.8 2.1 3 0.05 5 1200
2.1 0.67 17.9 2.1 33 0 b2 1048
5310.2 0.352 M 2.4 3 0 62 764
637.8 0.135 88.8 2.53 3 0 b2 636
7654 0.009 1381 2.58 32 0 b2 609



6" Concrete Pile
Example

SRD, kil

900 3
800 |
4 25
700 //
600 | — 12
500 1
115
400 -
300 | 11
200
los
100 |
O i i i i i i i O
0 20 40 60 80 100 120 140 160 180 200

Blows per Foot of Penetration

Soil Resistance, Kips == Maximum Compressive Stress, kSi == Maximum Tensile Stress, ksi

Stress, |




Basic Steps in Wave
Equation Analysis

e Gather information « Construct Analysis
: 0 Run static capacity analysis on
2 garn.r(];r?rdtg!?ae’er?cm weight, pile as pile driving resistance
“ B ' o Apply setup factor (if necessary)
o Suggested trial energy shown on static capacity
in chart below (included in o Input data for hammer, pile and
program) soil resistance profile into wave
o Pile data, including length, equation analysis
material, etc. e Run program
o Soil data; layers, soil types, o Run wave equation analysis for
properties different soil resistances _
10,0001+ 57— | (factoring original static analysis)
ECT T e IR (e i = S8 2 and (for some wave equation
8 el i e e programs) different depths of
& | e akin driving
E ool IO IR et N B 1l : Analyse RGSUltS
5 [RIREN RESERN WO 7 AR il N o Blow counts, tension and
E R (== = e e compression stresses, driving
= R4 time
E zo.ouuf 7 : T
0 . 1ﬁ0 200 300 400 Sllil)
Py Ultimate Soil Resistance - Tons °®

Figure 9-44. Suggested trial hammer energy for wave equation analysis.



Soil Resistance to Drivin

A static analysis should also be used to calculate the soil resistance to driving, SRD, that must
be overcome to reach the estimated pile penetration depth necessary to develop the ultimate
capacity. This information is necessary for the designer to select a pile section with the
driveability to overcome the anticipated soil resistance and for the contractor to properly size
equipment. Driveability aspects of design are discussed in Section 9.9.

In the SRD calculation, a factor of safety is not used. The soil resistance to driving is the sum of

the soil resistances from the scour susceptible and unsuitable layers plus the soil resistance in the
suitable support materials to the estimated penetration depth.

SRD = Rs] +R52 + R53 + Rt

Soil resistances in this calculation should be the resistance at the time of driving. Hence time
dependent changes in soil strengths due to soil setup or relaxation should be considered (sce
Table 5-8 in Chapter 5 for brief explanation of these terms and Section 9.5.5 for more
discussion). For the example presented in Figure 9-5, the driving resistance from the unsuitable
clay layer would be reduced by the sensitivity of the clay. Therefore, Ry would be Rx / 2 for a
clay with a sensitivity of 2. The soil resistance to driving to depth D would then be as follows

SRD =Ry tR»/2 + Rs + Ry

This example problem considers only the driving resistance at the final pile penetration depth. In
cases where piles are driven through hard or dense layers above the estimated pile penetration
depth, the soil resistance to penetrate these layers should also be calculated. Additional
information on the calculation of time dependent soil strength changes is provided in Section 9.9
of this chapter.

Layer 1

SAND
(subject to scour)

Layer 2
SOFT CLAY
(unsuitable)

Embedded
Pile
Length, D

Layer 3
SUITABLE
SUPPORT

MATERIALS

¥




Pile Setup in

Clays

Soil setup factors (after FHWA, 1996)

Maximum Load Capacity

]]]]]

1 Month

Table 9-8

LLLLLL

Predominant Soil Range in Recommended Number of Sites
Type Along Pile Soil Set-up Soil Set-up and (Percentage
Shaft Factor Factors* of Data Base)
Clay 12-55 2.0 7 (15%)
Silt - Clay 1.0-2.0 1.0 10 (22%)
Silt 1.5-50 1.5 2 (4%)
Sand - Clay 1.0-6.0 1.5 13 (28%)
Sand - Silt 12-20 1.2 8 (18%)
Fine Sand 1.2-20 1.2 2 (4%)
Sand 0.8-20 1.0 3 (7%)
Sand - Gravel 1.2-2.0 1.0 1 (2%)

* Confirmation with local experience recommended

soil setup factor: the failure load from a static load test divided by
the end-of-drive wave equation capacity




Pile Resistance Example

Example 9-1:  Find the ultimate capacity and driving capacity for the pile from the data listed
in the profile. The hydraulic specialist determined that the sand layer is
susceptible to scour. The geotechnical specialist determined that the soft clay
layer is unsuitable for providing resistance.

Sand R = 20 tons
Soft Clay R, =20 tons
? Sensitivity =4
/ Gravel R¢; = 60 tons
4 R =40 tons
Solution:
Ultimate capacity =Ry + R
= 60 tons + 40 tons = 100 tons
Driving capacity = Rq; + (Ry/Sensitivity) + Rgs + Ry
2
=20tons + Otons + 60tons + 40tons =125 tons




Dynamic

Pile Testing

strain

9%9% ) v(t)

=

accelerometer




The Pile Driving Analyser

e For Dynamic Pile e For Dynamic Load
Monitoring: Test:
e Stresses . .
e o Bea_mng Capa_cnty
Performance at time of testing
e Pile Integrity e Separating

Dynamic from Total
(Static + Dynamic)
Soil Resistance
e Case Method
e CAPWAP-C




Dynamic Pile

Testing

Isolation of the static pile resistance from the total pile

response is the key challenge in the interpretation of
dynamic pile testing methods.

Simple closed-form solution which can be
o Icomputed in real time on site, but needs a
damping factor to be estimated.

The mechanics of the pile and soil behavior is
— o modelled. The model is adjusted to match the
measured and computed responses.




CAPWAP Modeling of Pile
Response and Capacity

Force Computed, F,
Force Measured, F

Acceleration Measured, a,

e

4,
4 s,
4R,
4 r,
4R,
4R,
iR,

r Hshalt

HEEEREREERE

fa.

.

Field Condition Model

1. Measure Fp,, ay
2.Compute F.=Fc(am, Rs, R
3.Compare Fp - F.
4.Correct Rq, R

5. lterate (go to 2)

Force Measured
Force Computed

Capacity 2187 kN
Adjust Soil Unloading
MQ 1.75

L
Ve e S m =

Capacity 2187 kN
Adjust Toe Model of
Quake, Gap, and Plug
MQ 4.18

—_—
.‘\

e S A
Lo

Capacity 2187 kN
28% Shaft; 72% Toe
MQ 6.01

-,
-7, e e

Capacity 1667 kN
37% Shaft; 63% Toe
Increase Damping
MQ 6.98

‘W

~A~

Capacity 1667 kN
80% Shaft; 30% Toe
MQ 21.87




Case Method for Pile
Analy81s

« Governing Equation:

Q
Q

O

O

_rie FI+F2 ,V1-V2

F1 = pile head force at the peak
force of impact (or other time,) N

F2 = pile head force at a time 2L/c
later than F1, N

V1 = pile head velocity at the peak
force of impact (or other time,) N

f:)lle head velocﬂy at a time
2L/c: ater than F1,

« Dynamic Rems’rcmce

Q
Q

Q

RD=J(F1+ZV1-RTL)

EID = dynamic resistance of the pile,

J = Case Damping Constant,
dimensionless

« Stafic Resistance

Q

RS=

Fl +F2+ZE(V 1-V2) iy Fl _F2+ZE(V 1+V2)

RS = static resistance of the pile, N

 Simple Method for
Estimating Pile Capacity
from Dynamic Results

Assumptions:

o The pile resistance is
concentrated at the pile toe, as
was the case with the closed
form solutions above.

o0 The static toe resistance is
completely plastic, as opposed
to the purely elastic resistance
modelled above. (Both the
wave equation numerical
analysis and CAPWAP assume
an elasto-plastic model for the
static component of the
resistance.



Case Method Example

e Find e Given
o Case Method ultimate o Pile with impedance of 381 kN-
capacity for the RSP and RMX sec/m
methods. o Force-time history as shown at
the left
e » FT1 =1486 kN
e FT2 =819 kN

 VT1 = 3.93 m/sec
(Z-VT1 = (381)(3.93) =
1497.33 kN)

e VT2 =1.07 m/sec
(Z:VT2 = (381)(1.07) =
407.67 kN)




Notes About Case Method Example

RSP Solutlon

There are two curves, both at the
pile top. The first “F” curve (solid
line) is the force-time history of the
impact blow. The “V” curve
(dashed line) is the velocity-time
history. Generally speaking, the
velocity history is multiplied by the
pile impedance, as is the case
here. This is not only to make the
two quantities scale properly on
one graph; as noted eatrlier, if the
pile were semi-infinite, the two
curves would be identical. Thisisin
fact the case in the early portion of
the impact; neither pile movement
relative to the soil nor reflections
from the shaft are a factor until
later.

Case Method results can be
interpreted in several ways.
The method shown in the
graph is the RSP method, best
used for piles with low
displacements and high shaft
resistances. The tl for the RSP
method is the first peak point in
the force-time curve; the time
t2 is time 2L/c after that. The
time tl1 is not the same as the
time t =0 in the closed form
solution, or the very beginning
of impact.

A Case damping constant J =
0.4 is assumed.

1486+819+381(3.93-1.
o 14864819 38 (393-1.07)

1486— 819+381(3 93+1.07)
0.4 5 o
=1697-51 4=1183 kN




Case Method Exampler

RMX Solution

The time tl is now the peak initial
force plus a time shift, generally 30
msec with the RMX method (Fellenius
(2009).) The time t2is still t1 + 2L/c.
This time shift is to account for the
delay caused by the elasticity of the
soil. (Itis worth repeating that one of
the implicit assumptions of the Case
Method is that the soil resistance is
perfectly plastic.)

The RMX method is best for piles with
large toe resistances and large
displacement piles with the large toe
guakes that accompany them. The
guake of the soil is the distance from
initial position of the soil-pile interface
at which the deformation changes
from elastic to plastic, see variable
“Q”. The toe quake is proportional to
the size of the pile at the toe.

The Case damping constant for the
RMX method is generally greater
than the one used for RSP, typically
by +0.2, and should be at least 0.4. In
this case we will assume J =0.7.

"

Tima Shift I' """
(typ. 30 ms)

670 kN
175 mis

 FT1 =819 kN
o FT2 =1486 kN

e VI1=192m/sec (ZVT1l =
(381)(1.92) = 731.52 kN)

e VI2=0m/sec (VT2 = (381)(0)
= 0 kN)

819+1486+381(1.92-0)

RMX=

2
819-1486+381(1.92+0)
-0.7 5

=1518-22=1496 kN




Determining Case
Damping Constant

Soll Type at File Toe

Original Case Damping
Correlation Range
Goble et al. (1975)

Updated Case
Damping Ranges
Pile Dynamics (1996)

Clean Sand

Silty Sand, Sand Silt

Silt

Silty Clay, Clayey Silt
Clay

0.05t00.20
0.1510 0.30
0.20 to 0.45

0.40t0 0.70
0.60to 1.10

0.10t00.15
0.15t00.25
0.25t00.40
0.40100.70
0.70 or higher

The reality is that the Case damping constant is a “job-specific” quantity
which can and will change with changes of solil, pile and even pile
hammer. These require calibration, either with CAPWAP or theoretically
with the wave equation program. The Case Method requires a great deal of
experience and judgment in its application to actual pile driving situations.




Interpreting Force-T1ime
Curves

1000 kN

—— Minimal Shaft or

Toe Resistance

1000 kN

Large Toe

Resistance

1000 kN

Large Shaft

Resistance




Dynamic Pile Testing
Critique

Static capacity Is interpreted rather than
measured directly

Requires experience for correct
Interpretation



Finite Element Solution of
Wave Equation



Detlection Curves

Displacement, rm

L/c

File Head Deflection, mm WPile Middle Deflection, mm &File Toe Deflection, mm




Displacement-Time
Relationshir

Pl Ie H ead y-displacement_mm

. 1.537e+01
14

£.8.038e-04

&y
‘7 ¥

Pile Toe Time from Impact—




Stress-Time Relationship

Pile Head

Pile Toe Time from Impact—



Pile Integrity Testing

Hammer:
Instrumented Accelerometer
for TRM
PILE INTEGRITY TESTER 'm i a

Pulse Echo:

Velocity vs Time
Transient Response:
Mobility vs Frequency




Pile Integrity Testing

oF record selection use PITPLOT
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Command Echo
116+

Fast, Inexpensive

Mobile equipment,
minimum site
support

Test many or even
all piles on site

No advance
planning required
Minimal pile surface
preparation

Finds major defects .,
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Good Pile




Crosshole Methods

Crosshole Acoustic Logging Crosshole Tomography

Access Tube
Longitudinal Rebar
Shaft Wall

Zone Tested

Shaft with Four Access Tubes

Figure 20-1 Diagram of Crosshole Acoustic Logging System (modified after Weltman, 1977)
Figure 20-4  Crosshole Tomography Test (after Hollema and Olson, 2002)

straight
-and parallel

End caps
. P aa e s

Figure 20-3 Reinforcing Cage with Steel Access Tubes for CSL Testing

Figure 20-5 2-D Tomograms for a Shaft with Four Access Tubes (Hollema and Olson, 2002)



Statnamic
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Statnamic Device and
Pr1nc1ples

.
o

REACTIDN MASS

SILENCER

VENT CONE

CYLINDER

REACTIDN NASS
FLANGE

FUEL BASKET
PISTON
LOAD CELL

LASER WINODOW
LASER SENSUOR

Controlled explosion
detonated; loads the
pile over longer
period of time than
Impact dynamic
testing

Upward thrust
transferred to
reaction weights

Laser sensor records
deflections:; load cell
records loads



Typical Statnamic Force-
Time Curves

Deflection (m)




0.010

-0.010

-0.020

-0.030

-0.040

-0.050

-0.060

Typical Statnamic Load-
Detlection Curves

50 0 -50 -100 -150 -200 -250
0.000 ¢ f | . . | _;HL
Static
Force
1\
— - \; Total
K Force
Unloading Point less

-0.070

inertial
force

Load (kN)

(w) 1uswieoe|dSsIg



Statnamic Advantages and

Disadvantages
e Advantages e Disadvantages

e Much faster and e Does not give a
simpler than static clear picture of the
oad testing distribution of

O D_oes not require a capacity between
pile hammer as the shaft and the
nigh-strain dynamic o
testing does

e Especially e Technigue not
applicable to entirely developed
driled shafts and for clay (high

other bored piles dampening) soils



Questions
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