SITE VISIT REPORT

2017 年 5 月 24 日

AT JAPAN PILE TESTING SITE
~Belled Pile Construction~
文責

サワドゴ クリスティアン
Sawadogo Christian
修士 1 年

1.

Introduction

On May 24th 2017, I have got the chance to go to Tokyo to visit a pile testing site of the company Japan pile. The main
objective of my participation was to deepen my comprehension of the construction methods, and the in-situ conditions. The
testing site place located in Ibaraki prefecture. Fig 1 here below shows the location of the place.

Fig 1

2.

Japan Pile Testing Site location1)

Concept of bell out Piles

The concept of base-expanded pile has been developed to increase foundations mechanical resistance to heavy loads and to
some uplift forces. From Fig 2, and Fig 3, we can then notice that piles are likely to be subject to two kinds of loads. First, is
vertical load and second is an uplift load which the pile has to resist against to ensure superstructure stability. The expansion
at the basements has benefits for both loading cases. It increases the contact surface and consequently increase the vertical
load bearing capacity. And for the second case it helps to oppose resistance to pull-out forces. We have to notice that
investigation has been done on the values of ɸ = 12°, ɸ = 9°, and ɸ = 6° with values of d between the interval [1 to 5 m], D
varying between [0 to 5 m].

Fig 2

Building with belled pile foundation generate more resistance

Fig 3
3.

Belled pile parameters

Construction methods

On the testing site, I have got some explanation about piles construction methods. These methods depend on the size of the
pile, and the depth of the foundation.
3.1.
3.1.1.

Basic construction methods
Earth drilling method

In this first process, two heads are alternatively used. The first head is a soft ground digging head, as showed in Photo 1.
This is used to penetrate the ground. This head is made of heavy duty high carbon material; it will then easily crush the soil
elements. The second head in Photo 2 showed here beforehand, is the excavation head, which is used to take the crushed soil
in its bore. Its special cap fill bucket while rotating allows it to take the maximum of crushed soil. We have to note that these
techniques have been explained to us there. But for the pile which was in testing, a different drilling method was used because,
the Earth drill method is convenient for relatively shallow piles. Instead the excavation process of the pile would have taken
at least 1 day.
3.1.2.

Reverse circulation drilling method

Reverse circulation method is a method based in the fact that, during excavation process, we need some water to soften the
soil. And this water once charged with soil particles, need to be removed from the ground. So as the soil is drilled, the vacuum
integrated in the machine will progressively remove crushed soil. The first benefit with this method is that it is a continuous
drilling. No need to change drilling head. The second one is that it reduces considerably the drilling time.

Photo 1

Auger presentation2

Photo 2

Cap fill bucket head2)

3.1.3

Hole casing method

As shown in Fig 4, a concreting case in plugged in the soil as the digging machine is excavating. During the excavation
process, the hole is filled with a mixture of bentonite, to equalize horizontal forces acting on the shaft. The inclination of the
case should be less than 1/100. Once the required depth is reached, they started to bell. This belling is possible since the
belling head is monitored from the monitoring room
3.2.

In situ methods (Used that day)

At the company testing site, the drilling method used was the reverse circulation method. This drilling method is quite
convenient for relatively deep foundations (depth ≥ 30 m). For this purpose, the company was using a machinery that is a
little bit similar to the first one. But the difference lies on the fact that this system vacuums the crushed soil as it is digging
the soil. Photo 3 shows the drilling machine used that day. The first step of drilling is to dig the soil up to the desired deep,
and then the machine will be opening it wings in the soil, allowing then to bell (to enlarge the bottom). During the construction
process, they used a case to stabilize the hole’s border but for the deeper part, they injected a bentonite mixture. Thanks to its
density will undertake the earth pressure at the bottom, so that the hole will remain stable during the hole process. The density
of the bentonite was assessed by an in-situ as showed in Photo 4.

Fig 4

Photo 3

Drilling machine

Hole casing principle3)

Photo 4

In situ density test

4.

Ultra-sound testing

After the construction, to check whether the casting has been well done. The test measures: Pile length, or depth to anomalies
Pile head stiffness Pile shaft mobility which is dependent on pile section and concrete properties the software also produces
computer simulations and impedance profiles of the test result, to analyze in detail any intermediate pile shaft responses.
5.

In situ density testing

This test aimed to verify the density of the bentonite which should be set in the shaft to stabilize it before the concrete casting.
Depending on the type of soil that they found, they have to set a higher density for the bentonite, so that the hole remains
stable.
6.

Ultrasound measurements

In this part, the task was to check whether the pile has been well casted or if there are not irregularities. As shown in Photo
5 the reflection of the ultrasound on the casted concrete gives enough data to the machine to draw the shape.

Photo 5
7.

Echo-sound testing method

Remarks and acknowledgements

This site visit has been a great experience and a good opportunity to get in touch with in situ testing conditions. And the
monitoring process of all this project. I have been given the great pleasure to learn from them. My sincere gratitude to all the
team of Japan pile for giving me this opportunity. I added in Photo 6, a photo took on the site that day.

Photo 6

On site Photo
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1. Introduction
On June 21th 2017 I have had the opportunity to go to Tokyo with my senior Ben Lewis Markley. This journey was the
second trip to Tokyo, and aimed to give me a deep comprehension of my research topic since I went there first for the casting
This trip was to go to assist a full-scale pull out test at the testing site of the company Japan Pile. The site conditions, the
experiment conditions, and the comment about some results will be presented in this report. In Fig 1 here we showed the
location of the testing site, located in Ibaraki prefecture.

Fig 1

Site location1)

2. Site conditions and equipment
As for the site location, it was at the company’s testing site, located in Ibaraki prefecture located in the Kanto region. At our
arrival, all testing equipment was already set up, and they were done with the first pile already. At our arrival, we have been
given a brief explanation about the full-scale testing that they were carrying out, as well as the existing soil profile that they
have, so that we can have a precise idea on the soil conditions. The testing equipment was composed of two vertical supports
located at the same distance from the pile, which support a metallic beam. And at the middle top of this beam, they placed
and hydraulic jack which will be Appling vertical force directed from the bottom to the top. In Fig 2 here we show a
representation of the testing equipment (the first pile tested), and Fig 3 shows its testing principle. In Photo 1, we can see
the actual apparatus setting. As mentioned before, there were two piles to be tested that day, as for their emplacement, they
were arranged as described in Fig 4.

Fig 3

Fig 2

On site pull out apparatus for the first pile

Fig 4

Simplified mechanism of the testing apparatus

Photo 1

On site setting of the apparatus

Piles arrangement in the site

3. Full-scale pull out test
The full-scale pull-out test is a test that required a certain number of precise instrument. Displacement gauges has been
disposed at some specifics and even places along the pile. To avoid any disturbance during the test, it has been recommended
to not touch the reference bar where gauges where taking references. We have been given to assist to the pull-out test of the

second pile. Since the first one’s test has been carried out before our arrival. Nevertheless, I have been given some information
about its testing and its results. Photo 2, 3 shows the state of the pile after performing the test. We noticed some fissures
along the pile and we saw the general failure pattern of the soil surrounding the pile. In these photos, we can also see the
connection joints between the uplift motor and the pile steel reinforcement bars.
The uplift load, was applied by the motor located at the top of the support as explained previously. A monitoring jack which
apply the hydraulic pressure on the pile were connected to a Pc in the monitoring room. And from there, it was possible to see
the actual status of load, the actual status of displacement as well as the loading graph which is dynamic and updated every
time the pressure is increased. Fig 5 here after shows how data obtained by the strain gauges are obtained, and they linkage
to the monitoring room.

Photo 2

First pile failure pattern

Fig 5

Photo 3

First pile failure pattern

Data collection and processing flow chart

Therefore, the loading was performed increasingly, following a strict pattern that we summarized in Table 1. As for the first
tested pile, it has been reported that they stopped at the 4th loading cycle (due to failure occurrence). From this loading pattern,
they drew the loading pattern curve, so that it can be easily visualized and give better understanding. Both of tested pile were
6° belled at their basement. That means that the ratio between their top diameter and their enlarged basement was 1,5. In Fig
6, 7, we showed the shape of each of them as well as gauge positions. The tested pile before our arrival was the one which
length is 17.7 m.
4. Remarks
We have to note that due to time limitation, we have not been able to stay up to the end of the testing of the second pile. The
construction team informed us that the test result on this one will be communicated to us very soon. From their explanation,
they will be using the same loading pattern up to its failure.
Table 1
Cycle

Loading pattern

Load range (in KN)
0 - 50 - 0 - 50 - 0 - 50 0 - 100 - 200 - 100 0 - 200 - 300 - 400 - 300 - 200 - 0
0 - 200 - 400 - 500 - 600 - 500 - 400 - 200 0 - 200 - 400 - 600 - 700 - 800 - 700 - 600 - 400 - 200 0 - 200 - 400 - 600 - 800 - 900 - 1000 - 900 - 800 - 700 - 600 - 400 - 200 -

1st
2nd
3rd
4th
5th

Fig 6

Pile tested before our arrival

Fig 7

Pile tested at our arrival
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