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T. OKUMURA Soils Division, Port and Harbour Research Institute, Nagase, Yokosuka, Japan

K. MATSUMOTO

SYNOPSIS A series of submarine sampling apparatus named Marine Auto Sampler, MAS, was devel
oped. Undisturbed samples can be automatically taken up by the apparatus situated on the sea bot
tom, whose operation is automatic- and/or remote-controlled from the mother ship. Sample qualities 
with MAS were compared with the conventional sampling on the platform. Both qualities were almost 
the same at a shallow depth, and hence the former will be better at deep water. Newly improved 
hydraulic type thin-walled sampler was compared for a soft cohesive soil with the conventional sta
tionary piston, the open drive, and the free piston sampler. Sample qualities with these samplers 
were better in the above order.

INTRODUCTION

Due to the recent increasing demand for construc
tions in both large scale harbours and ocean de
velopments in Japan, there is a great necessity 
to construct large ocean structures at 20 to 60 
m below the water surface. In order to do this 
both safely and economically, more accurate in
formation on engineering properties of subsoil 
is required. At present, however, soil investi
gation methods suitable for such depths are not 
available. Employment of conventional methods 
for shallow water will lead to inaccurate and 
unreliable results. There has been an urgent 
need for a sampling apparatus designed for deep 
water.

At the Port and Harbour Research Institute, a 
series of submarine sampling apparatus named 
Marine Auto Sampler, a kind of robot sampler, 
has been developed (Matsumoto, 1977). Undis
turbed samples can be automatically taken up by 
the apparatus situated on the sea bottom, whose 
operation is automatic- and/or remote-controllec. 
from the mother ship. In the paper, the authors 
describe outlines of Marine Auto Sampler and 
qualities of samples taken with MAS and related 
samplers.

OUTLINE OF MARINE AUTO SAMPLER

A photograph of Marine Auto Sampler - 78, thirdly 
developed by the authors and manufactured at the 
2nd District Port Construction Bureau, is shown 
in Fig. 1 and its components and dimensions are 
shown in Fig. 2. Two preceding apparata, MAS- 
73 and MAS-76, are more or less similar to MAS- 
78 (Matsumoto et al., 1978a; 1978b).

Applicable conditions for MAS-78 are as follows:

Tidal current: 0.5 m/s (max.)
Wave height: 1.5 m (max.)
Automatic leveling capacity for slope: 15 
Surface soils: soft cohesive to harder soils

(contact pressure of MAS 20 kPa) 
Operational water depth: 80 m 
Drilling depth below sea bed: 50 m 
Sampling spacing: every 1.0 m
Soils to be sampled: cohesive soil, cohesion- 

less soil, sand and gravel, soft rock

Specifications of MAS-78 are as follows:

Driving system: hydraulic 
Samplers:

a) Hydraulic type thin-walled sampler with 
stationary piston for soft cohesive 
soils

b) Spring type double tube sampler for 
stiff cohesive and cohesionless soils

Fig. 1 Photograph of Marine Auto Sampler-78
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FRON T VIEW

Fig. 2 Components and Dimensions of Marine Auto Sampler - 78

Fig. 3 Hydraulic Type Thin-Walled Sampler with Stationary Piston

c) Rigid type double tube sampler for 
cemented sandy soils and soft rocks

d) Submarine type standard penetration 
tester and split barrel sampler for 
sandy soils

Sample diameter: 75 mm for a) and b); 89.5 mm 
for c); 35 mm for d)

Sampler length: 1,000 mm for a), b) and c) ;
660 mm for d)

Drilling pipe: outer diameter 135 mm, inner 
diameter 117 mm, length 1,000 mm 

Drill load: 50 kN
Drill speed: 0.3 m/min (screw connection),

2 m/min (drilling)
Drilling torque: 4 kN-m (max.)
Drill rotation speed: 15 rpm (screw connec

tion; 1, 3, 4 kN-m); 70 rpm (drilling;
2 kN-m)

Power supply: AC 440 V, 50 Hz
Bulk: Triangle with sides of 7,98 0 mm, height 

7,250 mm 
Total mass: 31 t 
Apparent mass in water: 26 t

The hydraulic type thin-walled sampler with sta
tionary piston as a component of MAS is shown in 
Fig. 3. It was modified from Osterberg type 
sampler such that the amount and speed of pene
tration can be measured and controlled by means 
of wire line system and hydraulic pressure. The 
spring type double tube sampler is a kind of 
Denison type sampler, but the rotation of the 
inner tube during sampling is avoided by some 
means.

The standard penetration test apparatus was newly
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developed so as to get exact N values under the 
deep water without too long boring rod. The 
weight of the hammer and the impact energy are 
the same as the conventional ones. The hammer 
inside a water tight casing is lifted up by dif
ferential air pressure and drops down by its own 
weight.

MAS-78 has been successfully used since 1979 at 
Kamaishi Port where a Tsunami-preventing-break- 
water of 2 km in length is to be constructed on 
the soft ground at 65 m below the datum level.

QUALITIES OF SAMPLES TAKEN WITH MARINE AUTO 
SAMPLER AND RELATED SAMPLERS

MAS-73 was compared with the conventional sampl
ing on the platform at Kobe Port where the water 
depth is 12.5 m and the bottom soil is soft silty

clay of w = 100 %, p = 1.5 t/m3, wL = 100 %, and

Ip = 70 %. Unconfined compressive strengths are

shown in Fig. 4. There is no significant dif
ference between both samplings. The strains at 
failure and the deformation moduli have also the 
same tendency as the strengths. Therefore,

Unconfined Compressive Strength qu(kPQ)

sample qualities with both methods may be con
cluded to be almost the same at a shallow depth. 
The deeper the water depth is, the greater the 
disturbance with the platform will become, but 
the disturbance with MAS will remain constant.
And hence MAS is beneficial at deep water.

The hydraulic type thin-walled sampler with sta
tionary piston were compared with the conven
tional stationary piston type thin-walled sampler 
and the vane tester at Kinkai reclaimed land 
where the soil is soft silty clay of w = 120 %,

p = 1.4 t/m3, w = 120 %, I = 80 %, and the 
L. p

ground water table is almost consistent with the
ground level. Cohesive strengths from uncon-
fir.ed compression tests (c = qu/2) and vane tests
are shown in Fig. 5. The straight lines are
mean values by means of least square. It may
be said that the sample disturbance is the least
with the hydraulic type thin-walled sampler,
whereas the disturbance with the conventional
stationary piston sampler and the vane tester
are approximately the same. As for the strains
at failure and the deformation moduli the same
tendency was found. Thus the hydraulic type
sampler was adopted as a component of MAS.

Sample disturbances with an open drive type 
thin-walled sampler and a free piston type thin- 
walled sampler were also compared at the same
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Unconfined Compressive Strength q u (k P a ) 
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site of Kinkai reclaimed land with the conven
tional stationary piston sampler. In this case 
the open drive sampler was penetrated statically 
without any impact. The results of tests are 
shown in Fig. 6 and Fig. 7, respectively. As 
expected, the disturbances with the former two 
samplers were considerable in comparison with 
the latter at least for the soft cohesive soils.

CONCLUSION

From the above field experiments the followings 
may by concluded:

i) A series of automatic submarine sampling 
apparatus named MAS has been developed 
and used successfully in practice.

ii) Sample qualities with MAS are the same
as the conventional sampling on the plat
form at shallow depth, and hence will be 
better at deep water.

iii) Newly improved hydraulic type thin-walled 
sampler with stationary piston is better 
for sample qualities than the conven
tional stationary piston sampler and the

vane tester, 
iv) Sample qualities with the open drive

sampler and the free piston sampler are 
poorer than those with the conventional 
stationary piston sampler at least for 
soft cohesive soils.
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