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ABSTRACT: For BAP IV, one of the authors (NeSmith, 2003) presented a paper in which the concept of Installation
Effort (IE) was introduced, and the potential uses of IE as an indicator of stratigraphy and displacement screw pile ca-
pacity were described. Since that time, there have been a number of developments in this field including: improvements
in the acquisition of data required to calculate IE; the real time presentation of IE data during pile installation; modifica-
tions to the calculation of IE and Cumulative IE; and refinements in the relationship between Cumulative IE and pile
capacity. These developments have facilitated the application of IE as a practical tool for design, and for control of
production pile installation. This paper describes these developments, provides an overview of the database of Installa-
tion Effort vs. Capacity collected by the authors, and demonstrates the calculation, presentation and use of IE and Cu-
mulative IE on recent foundation construction projects in the U.S.

Updated Acquisition of Data

The data acquisition system used by Berkel in 2003
was an analog system with a limited number of
available signal inputs. Recording grout pressure for
quality assurance during pile casting used one of the
available inputs, leaving two remaining inputs for
data recorded during drilling tool penetration. These
were used for recording of stem depth and KDK
pressure (the hydraulic fluid pressure applied to the
rotary head). Since then, this system has been re-
placed by a digital system which allows for greater
flexibility in the number of inputs that can be ac-
quired and recorded. Two primary additional inputs
have been added. The first was the measurement of
grout volume during pile casting by means of a flow
meter. More recently, the recording of drill stem ro-
tation during pile penetration has been recorded as
well. Figure 1 shows a typical drilling platform and
the location of these sensors. A detailed description
of the data acquisition system can be found in the
2002 paper by the authors.

More importantly, the switch to the digital acquisi-
tion system increased the flexibility of the presenta-
tion of recorded data, allowing for real time display
of data as well as real-time calculation and display
of the Installation Effort described herein. This led
to improvements in data display for both the drilling
platform operator and the piling inspector. The re-
sults of these improvements to the data acquisition
system are discussed in the following sections.

Calculation of IE and Real Time Display of
Installation Data

The method of calculating Installation Effort as a
function of drilling tool penetration rate and torque
(as estimated from the KDK Pressure) was de-
scribed in the previous paper. This calculation
method is still in use. IE values are calculated at
every l-second recording interval based on the
KDK Pressure and Penetration Rate recorded at that
interval. Plots of IE vs. depth are produced in real-
time in the field and continue to provide excellent
agreement with stratigraphic representations from
Cone Penetration Tests. This agreement has extend-
ed beyond the original database to a variety of geol-
ogies.

Berkel incorporated a larger monitor for the pile in-
spector to increase the amount of data displayed
during pile production (Figure 2). In addition, this
remote monitor communicates with the computer on
the drilling platform wirelessly, doing away with
the need for the inspector to move the monitor with
the drilling platform. More recently, the on-board
system has been modified so that the remote data
can be viewed on a standard laptop computer rather
than a dedicated monitor.

Figure 3 shows the main screen and engineering
screen as viewed on the wireless monitor or laptop.
The main screen includes general pile information
such as date and time, pile number, current depth,
etc. as well as graphical representations of KDK
and grout pressures.



The engineering screen shows plots of KDK Pres-
sure, Penetration Rate, Installation Effort and Cu-
mulative Installation Effort vs. depth as drilling tool
penetration occurs. This real-time display allows the
inspector to observe the stratigraphy at the pile loca-
tion and adjust the pile toe level as appropriate. It
also allows the inspector to view Cumulative IE as
it is developed to verify that the effort required for
pile installation meets the specifications developed
during the design and load test phases of the project.

Updated Calculation of Cumulative Installation
Effort

In the 2003 paper, the term SumIE was introduced.
As the name would indicate, this was an estimate of
the total Installation Effort as the sum of the IE val-
ues recorded at 1-second intervals during penetra-
tion of the drilling tool. The consistent relationship
between SumlE and Capacity was also demonstrat-
ed; however this relationship could not be extended
to shaft capacity or toe capacity. A study of the To-
tal IE developed during pile penetration (SumlIE vs.
Depth) indicated that the SumlIE was heavily
weighted by dense and hard layers and subsequently
underestimated the contribution to capacity of loose
or soft layers while severely overestimating the con-
tribution to capacity of hard or dense layers. This
also resulted in difficulty when trying to use IE to
predict the capacity of variable pile lengths.

Drilling data is recorded and IE is calculated at 1-
second intervals. When the drilling tool encounters
a hard or dense layer, the SumlIE calculation is af-
fected in two ways. First, the individual IE values
calculated in that strata increase (as one would ex-
pect with an increase in density). Second, because
drilling slows down in these layers and because
these calculations are performed on a time interval,
more IE values are recorded per unit length in these
layers than in softer or looser layers. These addi-
tional recordings per unit length of penetration are
what produce the exaggerated SumlE in dense and
hard materials. An example of this calculation from
an IE vs. Capacity profile is shown in Figure 4.

Cumulative IE was proposed as an alternative esti-
mation of the total effort during pile penetration. In-
stead of a straight summation of recorded Installa-
tion Effort values, each value is weighted according
to the length from the previous calculation depth; in
effect an integration, rather than a summation, of
the IE vs. Depth plot. The result is a much smoother
Cumulative IE vs. Depth plot which does not exag-
gerate the influence of hard or dense layers (Fig. 4).
Additionally, Cumulative IE shows a good correla-
tion with shaft capacity, as one might expect con-
sidering that IE is calculated at 1-second intervals
along the shaft of the pile.

Cumulative IE Database

In 2002, Berkel’s database of Installation Effort vs.
Capacity consisted of 15 test piles from 9 project
sites. The current database consists of 111 load tests
from 48 project sites (Figure 5). The mean relation-
ship and plus/minus one standard deviation are also
shown.

Figure 5 also includes an example of load test re-
sults from two example projects and the resulting
design Cumulative IE vs. Capacity line for Example
A. This is typical of Berkel’s current design pro-
cess; the load test results from a project site are
plotted on the entire database and the mean relation-
ship is adjusted to fit the load test results for that
particular site and to develop the relationship for
use in final design of production piles on that pro-
ject.

Typically, displacement piles in loose and medium
dense sands have Cumulative IE and capacity rela-
tionships that fall within the plus/minus one stand-
ard deviation range of the database shown. As fines
contents increase and density decreases, the rela-
tionship tends to move to below the minus one
standard deviation line. This is due to the decrease
in shaft resistance developed in these materials for
the same amount of effort expended by the drilling
platform AND the lower toe capacities developed
by piles in these materials as well. Example B on
Figure 5 shows four load tests from a project site
with two load tests with the entire shaft and toe in a
sandy silt; one load test with the shaft in this silt and
the toe in a slightly cleaner sand; and one load test
with the bottom of the shaft as well as the toe in
cleaner sandy material. The movement of the Cu-
mulative IE — Capacity relationship from below the
minus one standard deviation line to about the mean
relationship as soil type and density change is illus-
trated in this example. Piles installed in denser and
cleaner sands tend to have an IE — Capacity rela-
tionship that falls towards the plus one standard de-
viation line. Piles that fall well above this line have
typically been installed with the pile toe in dense
cemented sands or gravels resulting in toe capacities
in excess of what is developed in the majority of the
displacement screw piles installed in North Ameri-
ca.



Use of Cumulative IE

The development of the calculation of Cumulative
IE vs. depth and the expansion of the IE — Capacity
database are significant tools in the design of dis-
placement screw piles. The database can be used to
set final test pile depths based on the Cumulative IE
developed by probe and reaction piles installed pri-
or to test pile installation. IE — Capacity relation-
ships from the test pile program can be used to set
Cumulative IE values for pile termination during
production. This is becoming a more common pile
termination criterion as the database has expanded.

In addition, Berkel often uses the Cumulative IE vs.
Depth curve (Fig. 4) to evaluate the segmental ca-
pacity of pile shafts and to adjust production pile IE
or depth requirements based on these segmental ca-
pacities. The most common application of this is on
projects with deep excavations in some areas of the
project site — for elevator pits or shear walls for ex-
ample. Typically, an adjusted pile capacity is devel-
oped considering the loss of Cumulative IE from the
material that will be excavated and the final Cumu-
lative IE required for these piles is adjusted if nec-
essary. This has often eliminated the need for pro-
duction piles to be extended by a length equal to the
depth of excavation, as is a common solution to the
problem above. Instead, production piles need only
be extended to compensate for the IE developed in
the excavated material. As production piles often
bear in denser materials than are in place nearer the
ground surface, this typically results in shorter pro-
duction piles than might be required if the Cumula-
tive IE data was not available. In fact, Cumulative
IE is much better suited to setting production pile
lengths based on the conditions at each pile location
than the historically used approach of using a re-
quired effective pile length for all production piles.
The result is a more efficient and economical devel-
opment of pile toe elevations across the project site.

Future Research

Currently Installation Effort is calculated as a func-
tion of KDK Pressure and Penetration Rate. When
this relationship was developed, it produced a typi-
cally operator-independent IE calculation. However,
there have been recent improvements in the effi-
ciency with which hydraulic fluid pressure (KDK
Pressure) is applied to the rotation head of the drill-
ing tool. The result is that the manner in which an
operator installs piles (aggressively vs. passively for
example) can have a more pronounced effect on the
IE calculated during pile installation.

It is considered that revising the IE calculation to
include rotation rate (a more recent) in conjunction
with KDK Pressure, and thus using a more accurate

reflection of torque than KDK pressure alone, may
alleviate this issue. The addition of rotations as a
parameter monitored and recorded by Berkel’s data
acquisition system will provide data to evaluate this
matter.

Berkel also installs Partial Displacement Screw
Piles that utilize a continuous flight auger with a
large diameter drilling stem with the same installa-
tion platforms used to install Displacement Screw
Piles. Typically, the IE — Capacity relationship for
Partial Displacement Screw Piles plots significantly
lower than the minus one standard deviation line
shown on Figure 5. However, early research indi-
cates that the overall IE - Capacity relationship of
these piles conforms to the trend exhibited by the
Displacement Pile database, but producing lower
capacities at similar installation efforts. Currently,
Berkel typically plots Partial Displacement test pile
results on the Displacement Pile database and ad-
justs the mean line to the test pile results, similar to
the example application for Displacement Piles dis-
cussed previously. As more Partial Displacement
Pile load tests are performed, a new database will be
developed specific to partial displacement piles for
comparison to the current database.

Berkel has recently installed automated monitoring
equipment similar to that described in the forgoing
on crane mounted (non-fixed mast) drilling plat-
forms for continuous flight auger piles. Very little
data is currently available for crane-mounted drill-
ing platforms but early results clearly indicate the
need to incorporate rotation rate and total rotations
(as one would probably expect) to any estimation of
effort expended during penetration and the relating
of this effort to pile capacity.

References

NeSmith, W.M. (2002). “Static Capacity Analysis of Au-
gered, Pressure-Injected Displacement Piles”. ASCE Geotech-
nical Special Publication No. 116, Proceedings from DEEP
FOUNDATIONS 2002. Orlando, FL. pp. 1174-1186

NeSmith, W.M. (2003). “Installation Effort as an Indicator
of Displacement Screw Pile Capacity” Proceedings of the 4™
International Conference on Bored and Augered Piles (BAP
IV). Ghent, Belgium. June 2003.

NeSmith, W. M. and NeSmith, W.M. (2006). “Anatomy of
a Data Acquisition System for Drilled Displacement Piles”.
Proceedings of the the American Society of Civil Engineers
GeoCongress 2006. Atlanta GA USA. 26 February — 01
March 2006.

NeSmith, W.M. and NeSmith W.M. (2006). “Application
of Data Acquired During Drilled Displacement Pile Installa-
tion.” Proceedings of the American Society of Civil Engineers
GeoCongress 2006. Atlanta GA USA. 26 February — 01
March 2006




i
Stem Rotation Proximitv Sensor ip

b

i)

|
| Grout Pressure Transducer

Main Wench Proximity

Sensor (Depth,

Inclinometer

(AR lzi
!

P_KDK:

Br PileNo.:78

P_Grout:

Digital
0.00

Depth:-37.32 ft P_KDK: 253bar _
FIGURE 2: Wireless Remote Monitor

lai|
RECORDING QN

FIGURE 3: Main and Engineering Screen of Wireless
Remote Monitor



Incremental IE Original SumIE New Cumulative IE
g e = 24 wl & 0O 200 400 600 800 1000 1200 1400 0 50 100 150 200 250
0 i o
\\\7/ //
5 \ 5 \ (Change in scale of
g \ estimation of total effort
10 Incremental TE < 10 10 \ 10 \
typically|indicative of fine
l grained soils
15 ) 15 15 \
- / E E
S 20 £ 20 £
> = o 20 More appropriate
a o (=} representation of
load distribution
25 ( 25 Exaggerated increase in 25 Wi t}i depth I(llim >
T ; [ : 2 ‘
> Increase in IE in denser \ R e \ g} )aelo1r111 (():urve VS
sandy bearing strata due to calculation method P
/ (straight summation|of IE \
M,
30 Y 30 \ 30 \
35 < 35 S 35 \\\
- I
40 40 40

FIGURE 4: Example Incremental IE Profile with Calculated SumlIE and Cumulative IE Profiles




n 100 200 300 And A0n &0n 7ono  !R0n ann 1000 1100 1200

500 ¥
450
[ H RS
ﬂ b T al r
400 - _ _ = Mean IE vs Capaciy
Three load tests mstallgd in Pll=T L1 @ L oiationshio with +/- 1
homogeneous sqll to Filfferent - - i standard ceviahion
depths to determine site |IE vs A —— ‘ .~
Capacity relationship - taken as ,f ‘_iil F o - T
350 -plus one Standard Deviation line 157 5 li"" -
for this project _‘_)ﬂ/‘ T vd =g
o 1 HT
) rﬁ T K ad Béz
- h’f ’ ’é’ sdil 3
S 300 RAiEPS it
S i
B af - ¥
L3y Lower shaft and . A ‘l
=] | toe in sand yields :jP L4 [ ,,r_' Cl
~d 250 | more "typical toe 11 T/ﬂt r_-' M Shaft in silt, toe in
E N cnmpqnent for e “: 3 + 2 silty sand yeilds
[ - capacity 1 47‘“" =———1—"slight" toe
'J: ‘f; S i o component for
.g 200 TV g’--q 8 capacity
— TV F
2 LV \
4 y g .
sdFANEi | Shaft and toe in silt
150 > P f‘r * yellds little to no toe
/ - M| & compaonent far
*Iﬂ " + capacity
F,
Jlle
100 Ly
4
y
{
30 ‘__ EXAMPLE PROJECT
A
e EXAMPLE FROJECT
i "\ E
D llIIIIIIIIIIIIIIII

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Cumulative IE

FIGURE 5: Database of Cumulative IE vs. Ultimate Load and Two Example Projects



