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Application of the Pile Toe Test to
Cast-in-Place and Precast Piles

This translation is published
with the permission of the
Japanese Geotechnical Society,
Tokyo, Japan.

A Note from Jorj
Osterberg

Some explanation is needed
for the readers who are not
familiar with Japanese methods,
terminology, and requirements,
which are different than in the
United States. The conventional
load test in which the load is
applied from the top, pushing
the pile down is called a “head
load test”. When the pile is
pushed up from the bottom with
the Osterberg Load Cell, it is
called a “toe load test”. The load
cell is most often called a “jack”.
In Japan and in most of the rest
of the world, cast-in-place con-
crete piles and driven piles are
both called “piles” and are dis-
tinguished from each other as
“bored” piles and “driven” piles.
However, in Japan driven piles
are virtually banned due to noise
pollution. Precast prestressed
concrete piles are installed in
pre-bored holes which are grout-
ed. Piles are tested using the
Japanese Geotechnical Society
Standard which requires that the
load test be made by using suc-
cessively increasing loads with a
minimum of four cycles as seen
in Figure Three.

The purpose of the tests
described in this article is to
determine whether using toe
load tests give the same results
as the head load tests. The first
series of tests were made on
drilled shafts which were trem-
ied. A test was made on a shaft
were the side friction was known
to be smaller than the end bear-
ing capacity by pushing up from
the bottom until ultimate resis-

tance in friction was reached. A
reaction frame was then used to
hold the top of the shaft fixed
while the load cell pressure was
increased until failure was
obtained in end bearing. In the
head load test on an adjacent
shaft, the shaft was tested to ulti-
mate load and the end bearing
was calculated using readings
from strain gages placed in the
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ed by Jorj Osterberg, and has
been applied to more then forty
load tests in the USA*, including
cast-in-place  concrete  piles
(drilled shafts) and steel pipe piles.
Some of the test exarmples have
been described in a paper by
Osterberg, “A New Load Testing
Device Tests Driven and Bored
Piles by Pushing up from the
Bottom”. In this article, the writers

The pile toe test method has the merit of doing away with reac-
tion piles and loading frames. This results in economy due to
the drastic reduction in the time required to set up the load test.
For this reason the pile toe test is considered to be expedient
and promising for quality control in pile foundations.

shaft. The load-settlement
curves for end bearing from the
two tests are shown in Figure
Four and load-settlement curves
for the top of the pile (measured
in the top loaded test and calcu-
lated from the bottom loaded
test) in Figure Five.

In another series of tests on
grouted precast concrete piles, a
load cell placed at the top and
another at the toe, with the top of
the pile held fixed while the toe
cell tested the end resistance.
Then in another test nearby at
the same site, the pile was top
loaded, pushing the pile down to
measure the side friction. The
results are shown in Figures
Seven and Eight.

The tests show that the side
friction is virtually the same
whether loaded from the top or
bottomn. (Jorg Osterberg)

Introduction

The pile toe test uses a special-
ly designed hydraulic jack (Figure
One), usually installed near the
pile toe such that the end bearing
and shaft friction mutually provide
the reaction needed for load appli-
cation. The technique was invent-

* The number of load tests that
the technique has been applied
to has increased to 150 since this
article was originally published.
(continued on page 24}
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of the ground above the pile dur-
ing tesling. As the shaft friction and the
end bearing mutually provide the reac-
tion needed for the load application, the
reaction frame or the reaclion piles gen-
erally seen in conventional load tests are
not required by this load test method.

will give summaries of sixteen
tests made in Japan on cast-in-
place piles, caisson type piles, and
precast piles. Some aspects of the
test will be discussed in detail.

The Pile Toe Load Test

The conventional load test
involves the use of reaction piles,
load frames and dead loads to
provide a downward load to pile
head (top of pile}, which will be
referred to as the “pile head load
test”. The pile toe test method
has the merit of doing away with
reaction piles and loading
frames. This results in economy
due to the drastic reduction in the
time required to set up the load
test. For this reason the pile toe
test is considered to be expedient
and promising for quality control
in pile foundations. The writers
were involved in the Research
Comumittee for the Study of a
Simplified Load Test Method,
established by the Japan Asso-
ciation for Building Research
Promotion to carry out basic
studies of the advantages and
disadvantages of the pile toe load
test method.

In the pile head load test (con-
ventional load test), the major
part of the load applied to the top
of the pile is resisted by shaft fric-
tion. As a result, it is very difficult
to apply sufficient load at the pile
toe to mobilize end bearing. This
is an advantage with the pile toe
load test method because the
load is applied directly to the pile
toe, making it possible to obtain
a clear understanding of end
bearing conditions.

Disadvantages of the pile toe
test method are:

* The maximum load which can
be applied is limited to ultimate
shaft friction resistance or the
ultimate end bearing resis-
tance, whichever is smaller.

* The load-displacement curve
at the top of the pile is not
obtained directly.

¢ The direction of shaft friction is
in a downward direction, while
in the conventional test, the
direction of the shatft friction is
in an upward direction.
Explanations and possible

countermeasures of these disad-

vantages will be discussed.

Application to Cast-in-
Place Concrete Piles

Table One shows the results of
tests on cast-in-place concrete
piles. The hydraulic jacks
(Osterberg load cells) used in
test one and two were imported
from the United States, and were
based on the original design by
Osterberg. The jacks used in the
last four tests were redesigned
and manufactured in Japan. The
hydraulic jacks attached to the
reinforcement cages  were
installed after underwater place-
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Month Locotion Insta- Test pile Soil lype Max. ol loe Shall | Upwaord Olhet Rete-
MNo. and of llation | Dia. [lengihl ciound | Load | Setllem- | Iriction {Movement|  Iypes ence
year pile load test melhod} {m} | [m) pile toe | {MN} [en! {mm])] {MN] {mmj of test | repotls
| |Dec. 1991 |Osaka RCD | 1.2 | 385 [Ffinesand| 8.2 104 8.2{+} 42 Pile head | [2]. (3}
2 (Dec. 199t |Osaka RCD | V.2 385 |finesand) 70 100 7.0(+} 3.0 pull-out |ond {4}
3 [Jut. 1993 [lokyo, Minato-ku ED 1.2 | 470 |Finesond| 5.0 183 5.0{+) 6.9 - (5]
4 {Sep. 1993 [Tokyo. Kalsushika-ku| RCD 1.2 | 38.0 [finesand] 10.4 400 B {74) - 16l
S {Ocl. 1993 |[Tokyo. Chuo-ku ED 1.2 | 26.5 {Finesondj 8.1 300 57 {70} Pile head | {7} oand
6 |Ocl. 1993 [Tokyo, Chuo-ku ED 1.2 | 302 |finesond| 9.2 300 7.1 {50} Horizonlal 18]
RCD : Revetse Circulalion Drill
ED :Eorth Diilt

ment of motar (cement sand
mortar with admixtures to make
it resistant to segregation). The
underwater placement was car-
ried out by lowering a mortar
filled cylinder with a hopper at
the lower end which is designed
to open as it hits the hole bot-
tom. Of the six installations
(Table One), results of test five
are presented to show a compar-
ison with the conventional test.
The soil profile is shown in
Figure Two. Before the test, the
shaft friction was estimated to be
insufficient to provide enough
reaction to fully mobilize end
bearing. For this reason, the
additional reaction needed was
provided by a reaction frame.
This arrangement can be con-
sidered as one of the possible
methods to overcome the first
disadvantage mentioned above.

Figure Three shows the rela-
tionship between the pile toe set-
tlement Pp and Sp were 8.1 MN
(890 tons) and 300 mm (12
inches) respectively. At a value
of Sp equal to 10 percent of the
pile diameter, the value of Spwas
5.8 MN (640 tons). The shaft
frictional resistance reached an
ultimate value of Pp = 5.7 MN
(627 tons), after which the
upward displacement of the top
of the jack increased very rapid-
ly together with a reduction in
frictional resistance of the pile

(continued on page 25)
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shaft. At this point, provision for
supplementary reaction frame
was utilized to support the top of
the pile against upward move-
ment. The residual frictional
resistance of the pile shaft just
before the use of the reaction
frame was 4.9 MN (540 tons).

Figure Four compares the Pp-
Sp relationship obtained from the
pile head load test with that
directly measured in the pile toe
load test. The end bearing resis-
tance Pp in the one head load
test was obtained from strain
measurements. The Pp-Sp rela-
tionships from the two methods
are seen to be practically the
same. Similar agreements were
observed in tests one and two in
Table One.

Figure Five shows the com-
parison of pile head load-settle-
ment (Po-So) relationship ob-
tained from pile head and pile
toe load tests. The Py-So rela-
tionship for the pile toe test was
obtained by load transfer analy-
sis! considering the Pp-Sp rela-
tionship and the variation of
shaft frictional resistance with

upward movement measured -

directly during the test. As seen
from the comparison, it is possi-
ble to obtain a pile head load-
displacement curve from the
results of a pile toe load test
which is in close agreement with
the measured load-displacement
curve from the pile head load
test. This provides a solution to

the second disadvantage men-
tioned earlier.

It is understood from the
above discussion that in addition
to being much simpler to use,
the pile toe load test is capable
of providing the data equivalent
to the pile head load test.

Application to
Caisson Type Piles

Table Two shows the results of
pile toe tests on a caisson type of
pile (which is distinguished from
a cast-in-place concrete pile in
that the excavated hole is dry
and is of comparatively larger
diameter, permitting the installa-
tion of the jack for the pile toe
load test by workers descending
to the bottom of the hole). The
first two tests (number one and
number two) consist of cases
where the diameter of the end
bearing jack (load cell) used in
the pile toe load test was less
than half the diameter of the pile
shaft. From this arrangement, it
was possible to determine the
capacity of the end bearing layer
even in a situation where the end
bearing resistance is small com-
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pared to the shatft frictional resis-
tance. This is another method of
overcoming the first of the disad-
vantages listed above.

Application to
Precast Piles

The pile toe load test can also
be wused on precast piles.
Osterberg? has reported the use
of the pile toe load test on steel
pipe piles and Fujioka3 on pre-
stressed high strength concrete
(PHC) piles. Reported here are

(continued on page 26)

1 H. Kishida and Y. Tsubakihara:
An Analytical Method for Pre-
dicting the Displacement of a Pile
and Soil Layers, 11th SE Asian
Geotechnical Conference, 1993.

2 ). O. Osterberg: A New Load
Testing Device Tests Driven and
Bored Piles by Pushing up From
the Bottom, Kiso-ko, Vol. 19, No.
8, pp. 114-119,1991.

3 T. Fujioka, K. Arai, H. Kato, H.
Aocki and K. Yamada: The
Principle and Application of a
New Simplified Load Testing
Method of a Pile, Symposium on
the Vertical Pile Load Test and the
Method of Bearing of Capacity
Determination, pp. 7-14, 1991,

Table 2 : Summary of Resulls from Application to Caisson Type Pile

Maonlh tocalion Tes! pile Toe Soil type Max. at loe Max. al shaft side Other Rele-
Mo. and ol Dia. | Length{ Dia. around Load | Settiem- | Friction (Movemenl| types rence
year pile load lest | {m} {m) {m} pile loe {MN) |enl [mm)| (MN]} {mm} of test reporls
1 |Ocl. 1992 [Kogane Cily V.6 | 115 | 1.2 | Sandy gravel | 9.2 125 4.4 100 Pile head | |10}, {li]
2 |Dec. 1993 |Kogane Cily 1.2 10.3 | 0.5 | Sondy gravel | 2.4 70 2.4 20 - [12]
3 |Dec. 1993 |Kogane Cily 1.2 10.3 | 0.3 | Sandygravel { 1.0 55 1.0{+} 0.6 - (12|
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Table 3 : summary of Resulls from Applicalion to PHC Nodular Pile

Figure 6: Ground Condition
(Test No.4 of Table 3)

to limit the load to prevent the
pile section between the nodules
from crushing, thus limiting the
end bearing resistance which
can be mobilized. The pile toe
load test technique can be very
effective in this case.

The resuits of test four in Table
Three are shown in Figures
Seven and Eight. The soil profile
is shown in Figure Six. In this
case, the pile toe load test
arrangement in combination
with pile head load test arrange-
ment was utilized to carry out a
“pile toe resistance test” and a
“frictional resistance test”. The
former involves a test on the end
bearing soil layer, while holding
the shaft of the pile fixed to keep

(continued on page 27)

ng lowered into the bored hole. The

Jjack was installed after underwater placement of cement mortar (with admixtures lo
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Monih Localion Tesl pile Joe | Soil type Mox. ol loe Max. af shoft side Other Refe-
No and of Nodule |Llength| Dia.{ around | Load | Settlem- | Friclion [Movemenl| types rence
year pile load test } Dia. (m)| (m) Im) pile toe (MN} [en! (mm]| {MN} {mm)] ol lest repoils
I [Jun. 1991 {Sokai City 0.5 100 | 0.5 Clay 1.10 60 1.10(+} 1.5 Pite heod [v4]
2 [Jun. 1991 |sakai City 0.5 100 | 0.4 Clay 0.86 143 | 0.86(4) 1.3
3 {Nov. 1993 [Kyolo City 0.5 155 | 0.5 Clay 1.22 83 1.43 70 Pile head
4 |Apr. 1994 [Miyozoki City 0.5 9.2 0.5 | Finesand | 0.81 40 1.43 48 Pile head
5 {Jun. 1994 |Kagoshima 0.5 20.0 | 0.5 Fine sand | 1.00 24 3.05 75 Pile head
6 |Jul. 1994  [Kagoshima 0.5 200 | 0.5 | Fine sand | 0.87 99 3.26 62 Pull out
7 [Aug. 1994 [Kagoshimo 0.5 6.0 ) 0.5 | Finesand | 0.28 73 0.71 65 Dig ou!
the results of pile toe load tests on Compared to its large friction-
PHC nodular piles (Table Three). al resistance, the material
Nodular piles consist of nodules strength of PHC nodular pile at
at regular intervals (Figure Five) the cross sectional area of the
meant to enhance shaft frictional pile axis (and not the cross-sec-
resistance, and have been in use tional area at the nodules, where
in Japan for more than sixty the area is larger) is compara-
years. When installed by driving, tively small. As a result, it is
a heap of gravel is maintained common in pile head load tests
around the pile such that the s
space between the pile axis and
the larger hole diameter is pro-
gressively filled by the gravel
pushed down by successive nod-
ules. The porous interface thus
formed around the pile is report-
ed to be effective in releasing the
excess pore water pressure that
may develop during earthquakes
on liquefiable ground, thus pre-
venting the collapse of the pile.
The trade name of this type of
nodular is HC-Top pile.
N-vatue
0 20 O 4
0 T ;
Fil PHC nodular
— [4 pile 4 N
4= l The jack logether with the reinforcement cage is bei
1 Ciay
] l mabke it resistant to segregation) at the bottom of the hole.
F = |\
- End Bearing load P, (kN)
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it from developing frictional
resistance. This was done by uti-
lizing two jacks with one at the
pile head and the other at the
pile toe. The later test consists of
load application to the pile head
after completion of the “toe

G Te tact” with th
resistance test” with the pressure

released in the jack at the pile
toe (Pp = 0). The “frictional resis-
tance test” was designed to
directly measure the side friction
in the direction of conventional
loading condition, and is consid-
ered as a way of verifying the
effect of directionality in side
friction as mentioned in the third
disadvantage listed earlier.
Figures Seven and Fight show
the comparison of the results of
the “toe resistance test' and

AAAAAAAAAAAAAAAA e

IHLUU“GI !C)Ibldllkc l.CbL Wlt.h
the results of the pile head load
test undertaken at the same site.
There is a siight difference
between the shaft fraction PpSo
relationship measured by the
two methods (Figure Eight). The
tests were made at the same
site, but not the same exact

location. However, the P;S;; rela-
tionship is very similar (Figure
Seven). From these compar-
isons, it can be concluded that
the “toe resistance test” and
“frictional resistance test” give
results similar to the convention-
ai ylle head load test.

Recently, there has been much
discussion in Japan regarding the
adoption of the limit state method
in foundation design. For a ratio-
nal approach to the design of pile
foundations, simple methods are
needed. The pile toe load test can
be considered a development in
this direction. To develop this
technique to its full potential (in
Japan), it will be necessary to
standardize the hardware aspects
such as the method of jack (load
cell) installation. Similarly it is
important to streamline the soft-
ware aspects involved, including
the compilation of a test manual
explaining all aspects of the
method. The Committee for the
Preparation of a Pile Toe Load Test
Manual formed under the aus-

{continued on page 28)

A lumcal Jack used on a Pile Toe Load

Test. The_{ack in this picture, has an out-
side diamelter of 32 inches, an end bear-
ing diameler of 41 inches and a design

stroke of 18.7 inches.
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A guide and alignment system
for bar reinforcement positioning
within caissons, drilled shafts,
slurry walls, and other geotech-
nical construction applications.
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pices of the Japanese Association for
Building Research Promotion is
actively involved in this process.
Such activities coupled with the accu-
mulation of experience through appli-
cation examples will establish the pile
toe load test method as a simple
means of quality management in pile
foundations.

Finally, the authors would like to
acknowledge the guidance of Dr. J.
Q. Osterberg, Dr. Y. Yoshimi, mem-
bers of the two committees concern-
ing pile toe load tests established

under the Japanese Association for
Building Research Promotion, and
Dr. Y. Tsubakihara of Takenaka
Corporation (formerly a research
associate, Tokyo Institute of Tech-
nology) during the course of the
preparation of this report. The
authors also acknowledge the sup-
port of Mr. T. Suzuki of Mitsubishi
Estate, Mr. T. Kaino of JRE Con-
sultants, Mr. T. Inamura of Toyo
Techno Corporation and Mr. S.
Yamamouri of Yamamouri Jacks,
Inc. during installation and testing. (J
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See feature page 8.
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ADSC's 1995 Slurry School graduating class.
See feature page 13.
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ADSC Contractor Member Kulchin-Condon & Associates, Inc. is lackling a variety of
drilted shaft and anchored earth retention projects in the Seattle area.
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and Central Artery Project Inspectors Workshop

The ADSC conducted lwo of its national training programs in the Boston area. One
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A Japanese researcher employs the Osterberg Load Cell (o test the performance of
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Introduced

At the ADSC Annual Meeting in New Orleans, the ADSC membership will be electing
six new members to serve on its Board of Direclors. Read all about the nominees before
the election.
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Seattle provides the backdrop for multifaceted overflow sewer project at Alki. See page 8.



