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ABSTRACT: For the rigorous design of offshore structures, the geotechnical characteristics of the seabed ground
should be rigorously investigated. In the deep water, seabed ground surveys usually need complex and expensive
equipments. Free fall type ground survey equipment can provide the geotechnical properties of shallow ground depth at
the sites where the submarine cables or pipelines are constructed..

In this study, FFCPT was developed. Based on behavior results of numerical model simulation new type of FFCPT,
it was manufactured. Water depth was obtained using pressure sensor and penetrated depth was estimated by the double
integration of acceleration signal. In addition, vetical penetration was veified penetration at real field test of FFCPT us-
ing 2 axis of inclinometer.

The performance of new FFCPT model was evaluated by comparing with the seabed type offshore CPTu experiment

data, which was performed at the same test site.
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1. INTRODUCTION

Recently, various types of equipment that are
operated underwater have been developed. Among them,
it is very important to characterize the seabed ground
for the movement of equipment. However, there is not
much technology of the equipment to understand the
characteristics of the seabed ground, The size of the
equipment is large, and it takes a very complicated
process to identify the characteristics of the seabed
ground.

Marine field surveys at sea have many limitations
compared to land surveys because they can be used to
remotely operate power supply and ground survey
operations at sea.

In addition, most of the marine field surveys
conducted at sea are using the ground survey equipment
on the land by using barges.

CPT(Cone Penetration Test) is the most accurate
field survey method to measure the geotechnical
properties of seabed ground. In the ocean, CPT(Cone
Penetration Test) can be conducted by aid of various
tools such as seabed type of equipment of free-fall type
equipment.

The cone penetration test (CPT) is used as a test to
understand the physical properties of the ground, which
is included as an investigation test item in the design
criteria of various offshore structures. Accordingly,
equipment capable of performing CPT underwater is
essential equipment for various marine developments.

Conventional CPT devices are being developed and
utilized under land conditions, and under water
conditions, there is a problem that it is difficult to test
under the same conditions as on land due to water
resistance.

In this study, compared to the equipment used on
land, it is relatively easy to carry in the marine field, a
Free Fall Cone Penetration Testing System(FFCPT) was
developed to obtain accurate ground data(tip resistance,
friction resistance), and the characteristics of the seabed
ground were identified by the sea trials.

2

In addition, the depth of subsea ground and ground
data were compared with the results of the seabed type
offshore cone penetration test and Free Fall Cone
Penetration Testing System in the same area to assess
performance.
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2. DEVELOPMENT OF FFCPT

In order to acquire the enough penetration force of
FFCPT, the power cable or commnication line need to
be away from the FFCPT during the free fall process..
Therefore, all parts such as power source, electronic
board, sensors, etc. must be installed in body of the
FFCPT except recovery wire.

Fig. 1 shows the configuration of FFCPT. The
canister for electronic part is made of aluminum alloy to
have a light weight and buoyancy compared to the rod
and cone probe which are made of iron. Since the center
of buoyancy is set to be 0.6m upper than the center of
mass, the flip-over motion of FFCPT can be prevented
during free fall.
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Figure 1. Configuration of FFCPT

Several sensors and electronic parts such as DAQ,
battery, etc. are embedded as shown in Fig. 2(a). To
obtain these signals, NI crio for DAQ was applied. A
DC-type accelerometer and 2-axis inclinometer are to
monitor the underwater free fall motion. The pressure
sensor was applied to check the water depth at the test
point. According to Newton’s Law, the underwater
terminal speed just before impact is calculated by
integration of the obtained acceleration.

(B) DAQ system

(a)Electronic part

Figure 2. Detailed design of electronic part in the FFCPT

3. TESTING METHODS AND RESULTS

3.1. SITE CONDITIONS
ANDINVESTIGATION

In this study, experiments were conducted in Gunsan,
located on the west coast of South Korea, as shown in
Fig. 3.

As shown in Fig. 4, the feasibility of the
experimental location was evaluated by the seabed type
offshore cone penetration test subsea survey results, and
the subsea ground survey results were shown.
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Figure 3. Test site location map
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Figure 4. Result of The Seabed Type Offshore Cone Penetration Test

3.2. TESTING METHODS

The an experiment was conducted to obtain subsea
ground data (cone tip resistance, friction resistance)
using the developed FFCPT as shown in Fig. 5.

Figure 5. FFCPT



Fig. 6. shows the FFCPT with a length of 4m and
weight of 38kg was placed on a moving crane and
dropped freely in sea 20m deep. In order to verify the
performance of the developed FFCPT, free fall
experiments were repeated five times and data were
obtained.

gure 6. Drop test of FFCPT-1

3.3. RESULT OF TEST

In this study, subsea ground characteristics data(cone
tip resistance, friction resistance) were obtained using
the developed FFCPT(Free Fall Cone Penetration
Testing System).

As shown in Table 1, the final penetration depth was
0.21 m, 0.24 m, 0.26 m, 0.22 m and 0.49 m, and the
average was 0.28 m.

Table 1. Result of test

Final Cone friction
penetration | resistance(MPa) | resistance(MPa)
depth(m)
FFCPT-1 0.21 0.0048~5.2755 0.0~0.0153
FFCPT-2 0.24 0.0006~4.8709 0.0~0.0118
FFCPT-3 0.26 0.0141~5.3009 0.0~0.0114
FFCPT-4 0.22 0.0131~4.2026 0.0~0.0116
FFCPT-5 0.49 0.0006~2.5260 0.0~0.0115
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Figure 7. Result of FFCPT-1

Fig. 7 shows the final penetration depth of FFCPT-1
was 0.21m and ground data (cone tip resistance, friction
resistance) values were measured. The results of the
experiment were shown as follows.

The distribution range of cone tip resistance was
measured in the range of 0.0048 to 5.2755MPa, and the
distribution range of the friction resistance was
measured in the range of 0.0000 to 0.0153MPa.

FFCPT-2 was 0.24m and ground data (cone tip
resistance, friction resistance) values were measured.
The results of the experiment were shown as follows.

The distribution range of cone tip resistance was
measured in the range of 0.0006 to 4.8709MPa, and the
distribution range of the friction resistance was
measured in the range of 0.0000 to 0.0118MPa.

FFCPT-3 was 0.26m and ground data (cone tip
resistance, friction resistance) values were measured.
The results of the experiment were shown as follows.

The distribution range of cone tip resistance was
measured in the range of 0.0141 to 5.3009MPa, and the
distribution range of the friction resistance was
measured in the range of 0.0000 to 0.0114MPa.

FFCPT-4 was 0.22m and ground data (cone tip
resistance, friction resistance) values were measured.
The results of the experiment were shown as follows.

The distribution range of cone tip resistance was
measured in the range of 0.0131 to 4.2026MPa, and the
distribution range of the friction resistance was
measured in the range of 0.0000 to 0.0116MPa.

FFCPT-5 was 0.49m and ground data (cone tip
resistance, friction resistance) values were measured.
The results of the experiment were shown as follows.

The distribution range of cone tip resistance was
measured in the range of 0.0006 to 2.5260MPa, and the
distribution range of the friction resistance was
measured in the range of 0.0000 to 0.0115MPa.

3.3.2. COMPARISON OF FFCPT AND
SEABED TYPE OFFSHORE CPTu

Fig. 8 shows the performance of new FFCPT model
was evaluated by comparing with the seabed type
offshore CPTu experiment data, which was performed
at the same test site.

Seabed Type Offshore Cptu is performed after the
equipment is lowered on the seabed surface, and the
FFCPT uses free fall.

Seabed Type Offshore Cptu was able to achieve
stable tests after it was lowered to the surface of the sea
floor. However, the FFCPT depends heavily on natural
conditions such as tidal current and wave.

The FFCPT has become a variable in which natural
phenomena such as tidal currents, waves, and wind
affect safety and test reliability. It was also a problem to



maintain the speed and vertical conditions of
penetration into the ocean ground through the sea.

Also FFCPT uses small ship, it cannot experiment
exactly in the same place. So the results were compared
with the most similar FFCPT-5 test results.There was a
very similar tendency for cone resistance, and the
friction resistance is very small and difficult to compare
at thin depths.
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Figure 8. Result of FFCPT and seabed type offshore CPTu

4. CONCLUSIONS

Analysis of this study, subsea ground characteristics
data were obtained using the developed FFCPT.

However, we were only able to analyze FFCPT trends
with a penetration depth of less than 1m, and it is
deemed that more experiments are needed for later
experiments.

The analysis results are as follows.

(1) The final penetration depth was 0.21 m, 0.24 m,
0.26 m, 0.22 m and 0.49 m, and the average was
0.28 m. This is judged not to penetrate more than
0.49m because it is not deep water and it is light
weight of ffcpt.

(2) FFCPT1 to 5 are the distribution range of cone
tip resistance was measured in the range of
0.0006 to 5.3009MPa, and the distribution range
of the friction resistance was measured in the
range of 0.0000 to 0.0153MPa.

(3) According to the comparative analysis of the
seabed type offshore cone penetration test and
FFCPT, it was difficult to accurately compare
the locations of the test sites because it was
judged that there was a gap of up to 5 to 10
meters due to the movement of the ship.

Due to the following conclusions, it is deemed
necessary to estimate the appropriate depth of
water in future field experiments. In addition, it is
deemed necessary to increase the weight of the
FFCPT even if the depth of the water is not deep
enough to improve the final penetration depth.
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