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Preface 

The soil samplers described in this report were developed by the Geotechnical 

Section of the Royal Swedish Board of Roads and Waterways and by its successor 

since 1944, the undersigned Institute. 

Mr. Y. Liljedahl, Research Department Engineer, was in charge of the design 

and experimental work until August 1945, when this task was taken over by l\Ir. 

T. Kallstenius, Head of the Mechanical Department. Other members of the staff 

of the Section and the Institute who have contributed to this development are 

mentioned under the separate samplers. 

The report was prepared by Mr. Kallstenius. 

Stockholm, June, 1953 

RoYAL SwE01su GEOTECHNICAL INSTITUTE 

5 





§ 1. General Considerations. 

When samples are to be taken from layers of cohesionless soil, special means 
must normally be used to prevent the samples from falling out when the sampler 
is withdrawn. A simple way to achieve this is to use a sampler that has a fixed 
bottom. Such a design has also the advantage that the point of the sampler can be 
made in one piece. It can therefore be made robust and suited for penetration of 
coarse material. With this type of design, the soil must enter the sampler 
through an opening in its side-wall. The samples obtained by means of such a 
side-intake sampler are disturbed. In most cases this does not matter, because 
sand and gravel are normally investigated only in respect of grain size distri­
bution and mineralogical composition. In other cases it is an inconvenience, but 
this is partly outweighed by the speed and safety of side-intake samplers. 

The intake must be kept closed, while the sampler is driven down, lest the soils 
from different levels mix in the sampler. When the intended depth has been 
reached, the intake is opened to let in the sample. It is preferable, though not quite 
necessary, to shut the intake after that, in order to prevent the entering of addi­
tional soil during the withdrawal of the sampler. Unfortunately, the closing devices 
are easily blocked, and it is difficult to make them work quite reliably. 

Even sand and gravel are usually cohesive to a certain degree. Therefore, they 
do not always enter the sampler all by themselves, when the intake is opened. For 
this reason, all side-intake samplers should be furnished with some kind of feeder 
that forces the soil into the sampler. 

In soft ground, rapid, reliable side-intake samplers have been used for a long 
time. Their prototype was designed by the Geotechnical Committee of the Swed­
ish State Railways (I, p. 30-32)1. For sand and gravel, however, good side-intake 
samplers have not existed until lately. 

All samplers described below are of the side-intake type and are intended for use 
on sites where casing and jetting are not economical either because only few bore 
holes are needed or for the reason that the ground is very permeable or stony. 
Therefore, these samplers are simply screwed or rammed into the ground. The 
object of our work was to develop devices for cheap sampling, and this requires 
simple transport and rapid sampling, especially under Swedish conditions. 

§ 2. Penetration Ability of Samplers. 

When a sampler is driven down in sand or gravel without jetting, the soil re­
sistance gradually becomes very great as the depth increases. 

1 The numbers in parentheses refer to the bibliography at the end of this report. 
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§ 2 a. Pushing Rod Down in Loose Sand or Gravel. 

A solid rod is pushed down in a loose homogenous soil consisting of sand or 
gravel, with the ground water table at the ground surface. The soil has a unit 
weight in water of I.o t / m 3, an angle of internal friction of 35 °, and an angle of 
friction against t he rod of 25°. The weight of the rod is disregarded. The dia­
meter of the points is 20 % larger than the diameter d cm of the rod proper, and 
we assume that this re<luces the earth pressure on the mantle of the rod to the 
active pressure computed in the ordinary way.1 The point resistance per square 
centimetre is generally considered to be proportional to the unit weight and to 
the driving depth h m, and according to Huizinga (3), the coefficient of pro­
portionality is 33* when the angle of internal friction is 35°. If the compression 
stress in the rod at the ground surface is a kg/ cm2

, we get 

n d2 I.a h2 
• ( 35) n d n 1.44 d2 I.a h

<J~=-- tg· 45- - - -1000tg25 + -- 33-4- 10
4 2 2 100 

or 
h2 

<J = 2.52d + 4.75 h =Om+ <Jp 

where Om is due to the skin resistance and 0 11 is due to the point resistance. 

Compression stress 
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10 
.c 
a. 

CL> 
D 

O' 
C 

> 
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I 
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I 

- - - O"p= Stress from point resistance 
(independent of diameter) 

--- o- = Total stress 

m 

Fig. 1. Compression stress in rod pushed down in sand as a function of diameter and depth. 

1 This assumption is very bold, as very little is known about the earth pressure. It may very 
possibly be much lower than here assumed, see (2, p. 67) . 

* Properly speaking, this Yalue is applicable only if there is no skin resistance, and even then 
it can merely be a rough estimate. 
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Fig. 2. Requisite pushing force as a function of cliameter ancl clepth. 

In Fig. 1 we have plotted a,, and a against h for cl= 2 cm and d = 6 cm, i.e . 
the practical limits of d, down to h = 30 m, which may be regarded as the practi­
cal limit of h. Though the diagram is of course very approximate, just as the 
preceding computation, it is seen that the skin resistance is predominant. Thus, 
it is only the upper part of t he rod that is exposed to a great stress. This stress 
is not excessive, not even in ordinary st eel. 

On the basis of Fig. 1 we have computed the requisite pushing force for d = 
= 2 cm and d = 6 cm and plotted it in Fig. 2 against the driving depth. We see 
that, even at moderate depth, the requisite driving force becomes so great that 
pushing would be unpracticable if one demanded, as we do, that the equipment 
should be easily portable. 

§ 2 b. Screwing Rod Down in Loose Sand or Gravel. 

If the rod considered in § 2 a is turned, and not pushed, the maximum shear­
ing stress in the rod occurs at the soil surface, and this stress is computed from 

n 3 l.o h2 
2 ( n d d35)

16 d 1: = -2- tg 45 - 100 1 000 tg 252 2 
Thus 

h2 
'r: = 5.05 d 

In Fig. 3 we have plotted. against h ford= 2 cm and d = 6 cm. 
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Shearing stress 
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Fig. 3. Shearing stress in rod turned in sand as a function 

of diameter and depth. 

In order to get the rod down by turning, we can shape its lower end as a screw, 
and we can also apply a moderate dead weight to its upper end. It follows from 
the foregoing that these measures cannot influence the shearing stress very 
much. Consequently, Fig. 3, which is very approximate anyway, can still be 
regarded as applicable. 

As is seen from Fig. 3, the shearing stress becomes excessive in ordinary steel 
only for the thinnest rods at the greatest depths. In such cases a high-quality an­
nealed steel can be used. 

The requisite turning moment can be produced without any great difficulty. 

§ 2 c. Ramming Rod Down in Loose Sand or Gravel. 

When a rod standing in loose sand or gravel saturated with water is hit by a 
rammer, a high pore pressure develops instantaneously in the soil beneath the 
point of the rod, owing to the compression of the soil. Therefore, the soil is dis­
placed more easily in this case than when the rod is pushed down . Thus, the point 
resistance is somewhat lower than that shown in Fig. 1. 

On the other hand, the instantaneous stress in the rod produced by the blow of 
the ramrner must overcome not only the point resistance and the skin resistance, 
but also the inertia of the rod. Therefore, the total stress will certainly be greater 
than that shown in Fig. 1. 

The requisite blow can be produced without difficulty. 
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§ 2 d. Conditions in Dense Sand or Gravel. 

The driving resistance in dense sand or gravel is of a higher order of magnitude 
than that shown in Figs. 1 to 3. Ramming is the only possible method, and the rod 
should be made of high-quality annealed steel. 

The blow of the rammer produces an instantaneous pressure decrease in the pore 
water beneath the point. This decrease is caused by the tendency of the compact 
soil to expand when disturbed. On account of this phenomenon, the point resis­
tance is greater than otherwise. 

On the other hand, the blow of the rammer initiates a compression wave, which 
travels downwards to the point, is partially reflected upwards, etc. If the soil is 
very dense this elastic movement is of the same order of magnitude as the pene­
t ration of the rod per blow. Then the skin resistance does not act simult aneously 
along the whole rod. On account of this phenomenon, the average skin resistance 
is smaller than otherwise. 

Fortunately, natural layers of sand or gravel are seldom dense. 

§ 2 e. Conditions in Stony Sand or Gravel. 

If the soil is loose, the rod can displace small stones and deviate from large ones. 
Therefore, a thick rod should be used if most stones are small, and a thin rod 
should be employed if they are large. In both cases a high-quality annealed or 
hardened steel should be used. 

If the soil is dense, even small stones will cause difficulties. In this case it will be 
very helpful to shape the point so as to enable it to split stones. 

§ 2 f. Penetration Ability of Sampler Compared with That of Rod. 

§§ 2 a to 2 e referred to a solid rod. The conditions in the case of a sampler 
will be somewhat different. 

Firstly, every joint implies a weakness. This is a serious drawback, particularly 
in consideration of the bending of the sampler rod in stony ground. The weakness 
can be limited by using special joints whose parts are made of steel of very high 
quality. 

Secondly, a cross section through the chamber of a sampler is normally com­
paratively weak, particularly in the uppermost chamber of a sampler containing 
many chambers. The only remedy is to use steel of very high quality. 

§ 3. Sampler Withdrawn after Taking Each Sample. 

The sounding device, 19 mm in diameter, designed by the Geotechnical Com­
mittee of the Swedish State Railways (1, p. 25-29), is a handy tool having a good 
penetration ability in soft or loose soils. Therefore, it is used by the Institute on 
nearly all boring sites. In 1939 we conceived the idea of a small sampler that could 
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be coupled to the lo,ver end of this sounding rod, immediately above its screw 
point, and could be driven down together with the rod in the ordinary way by 
means of applied dead-weights and by turning clockwise. As the sounding rod 
cannot withstand turning counter-clockwise, samplers similar to that designed by 
the Geotechnical Committee (see § 1) cannot be used in this way. 

Several models were made of a side-intake sampler that could be coupled to the 
sounding rod and would be capable of taking one small disturbed sample each time 
it was driven into the ground. 

§ 3 a. Model 11. 

The Model I Sampler is shown in Figs. 4 and 5. It consists of a barrel, 25 mm 
in inner diameter, a threaded bottom plug, and a filling-body, which can be 
moved inside the barrel. The barrel has a side-intake and, below this intake, a 
feeder in the shape of a protruding lip. 

When the sounding rod, with the sampler inserted immediately above the screw­
point, is driven down into the ground, the filling-body is in its lowest position in 
relation to the barrel (see Fig. 5 a), and no soil can enter the sampler. The tor­
sion is transmitted through the sampler by means of a slot in the lower end of 
the filling-body engaging a key in the bottom plug. 

After the desired depth has been reached, the rod, and hence the whole sampler, 
are turned a little, so that the lip is removed from the channel in the soil that it 
may have formed, when the sampler was driven down. Then the rod, and hence 
the filling-body, are lifted a short distance, the barrel being kept in its position by 
the surrounding soil. When the filling-body has been raised so high that its shoul­
der abuts against the collar at the upper encl of the barrel, the intake is free, and 
the chamber formed in the lower part of the barrel is ready to receive the sa,mple 
(sec Fig. 5 b). When the rod is now lifted higher, the whole sampler follows this 
motion, and the lip feeds soil into the chamber, until the latter is filled. 

The sampler is then pulled out of the ground. Thanks to the shape of the cham­
ber there is no danger of the sample being washed out during this operation. Soils 
from different levels may enter and mix in the uppermost part of the chamber. 
But it is quite certain that the lower part of the sample originates from the greatest 
depth to which the intake was driven . The sampler is emptied by unscrewing the 
bottom plug. 

When sampling close to the soil surface, a larger lip is sometimes necessary . 
Therefore, an additional lip can be attached by screws on the outside of the lip 
shown in Fig. 5. 

The sampler is still occasionally used by the Institute, particularly in those cases 
where only a few samples are wanted from each bore hole. For instance, it is used 
for taking samples from a thin layer of sand below a thick clay deposit. For loose 
sand, it has proved quite suitable. In silt it may be blocked by grains entering the 
space between the barrel and the filling-body. 

1 Designed in 1939 by Mr. S. Odenstad, now head of the Consulting Department of the 
Institute. 
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§ 3 b. Model 111. 

The )fodel II Sampler is shown in Fig. 6. It consists of a samplerbody sur­
rounded by a sleeve. The samplerbody has in its lower part a chamber and in 
its middle a side-intake. The bottom of the chamber is formed by the screw­
point of the sounding rod. The sleeve has an opening of the same size and shape 
as the intake. Below the intake, there is a feeder in the shape of a protruding 
lip. The sleeve can be moved in relation to the samplerbody, but this motion 
is guided and restricted by a pin, which is attached to the samplerbody and 
which travels in a slot in the sleeve. The slot has a vertical branch followed by 
a horizontal branch, see Fig. 6 d. 

When the sounding rod with the sampler is driven down into the ground, the 
sleeve is in its highest position in relation to the samplerbody (see Fig. 6 a), and 
prevents the soil from entering the sampler. The pin is at the bottom of the slot, 
but no forces act on it, because the requisite forces are transmitted to the sleeve at 
its upper end. 

After the desired depth has been reached, the rod, and hence the whole sampler, 
are turned a little, so that the lip is removed from the channel in the soil that it 
may have formed, when the sampler was driven down. Then the rod, and hence 
the samplerbody, are lifted a little, the sleeve being kept in its position by the sur­
rounding soil. In this way the intake is brought to coincide with the opening in the 
sleeve (sec Fig. 6 b) . At the same moment the pin reaches the top of the vertical 
branch of the slot, and the lower end of the sleeve abuts on a washer inserted bet­
ween the sampler and the point of the sou nding rod. When the lifting continues, 
the sleeve is also raised, and the lip feeds soil into the chamber. When the chamber 
is deemed to be full, the rod with the samplerbody is turned clockwise, the sleeve 
being kept in its position by the soil, so that the sleeve covers the intake, Fig. 6 c. 

During the withdrawal the rod is slowly turned clockwise all the time to make 
sure that the sampler remains shut. The sampler is emptied by unscrewing the 
screw-point of the sounding rod. 

The sampler was tried only quite recently. It is believed to give more reliable 
samples than Model I. On the other hand, it is less robust. 

§ 4,. Sampler, Part of which is Withdrawn afte1· Taking 

Each Sample. 

In most cases several samples are taken from each bore hole, and then the use of 
an;v of the above samplers involves much work. When the sampler is withdrawn 
with one sample, the bore hole usually caves in, and the driving must be done all 
over again for taking the next sample. 

To avoid this inconvenience, it was decided to design a sampler which can partly 
be left in the ground during the withdrawal of the sample, so as to prevent the bore 
hole from caving in. 

1 Designed by Mr. Y. Liljedahl, Research Department Engineer. 
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a . Driving position, longitudinal section. 
b. Sampling position, longitudinal section. 
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a dd. Exterior of sampler. 
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§ 4 a. Model A1 • 

The :i\fodel A Sampler, which is shown in Fig. 7, consists of a sampling pipe 
and a sample-fetcher. 

The sampling pipe, see Fig. 7 a, which is 50 mm in inner diameter, has a drive 
point at its lower end and a side-intake about 50 cm above the point. On the out­
side of the pipe the intake has a feeder in the shape of a protruding side-lip. On the 
inside the intake is normally closed by a piston-valve kept in this position by a 
helical spring and a wire-rope, whose lower ends are attached to the drive point. 

The sample-fetcher, sec Fig. 7 b, consists of a cup, 50 mm in outer diameter, 
and a shaft rising from the centre of the cup. The shaft has a collar with a 
packing, 50 mm in diameter, at a short distance above the cup. 

The sampling pipe is driven down by ramming, and is successively lengthened 
upwards with drive pipe sections attached by outer sockets. Whenever a sample is 
wanted, the ramming is interrupted, and the sample-fetcher is lowered in the pipe, 
its shaft being lengthened upwards with additional sections when needed. The sam­
ple-fetcher pushes the piston-valve downwards until the rim of the cup is just 
below the intake, see Fig. 7 c. In this position the whole sampler is turned clock­
wise, so that the lip feeds soil through the intake into the cup. (The purpose of the 
packing on the shaft is to prevent too much water-saturated fine sand from en­
tering and rising in the pipe, and also to prevent dirt, which has come into the pipe 
above the sample-fetcher, from mixing with the sample.) Then the sample-fetcher 
is withdrawn, the piston-valve automatically closes the intake, and the ramming 
proceeds. 

In order to be able to serve its purpose, the helical spring must be rather strong. 
When a sample is to be taken, the piston valve is pushed down, and kept in this 
position, by a chain jack mounted on top of the drive pipe and acting on the top 
of the sample-fetcher. 

Model A has proved to work well in medium-hard soils; for very hard soils it is 
too weak and bulky. Special difficulties arise in silt, because this material tends to 
pass the piston-valve, filling the hollow below. This tendency is probably due to 
vibrations of the valve and the spring, while the sampler is rammed down; the 
whole system then acts as a pump. 

A drawback of this sampler is that it can take no sample from the lowest 50 cm 
of soil that it can penetrate. 

§ 4 h. Model B. 

In order to avoid the pumping action mentioned in § 4 a, the design was 
modified. The resulting Model B Sampler is shown in Fig. 8. 

In this model the valve has a side opening of the same size and shape as the 
intake of the sampling pipe. The valve can be turned clockwise, thus shutting or 

1 Devised in 1943 by Mr. W. Kjellman, Read of the Institute. Designed and tried by Messrs. 
F. Hillberg, Y . Liljedahl, and 0. Wager, Research Department Engineers. Preliminary description 
published in (4, p . 25) . 
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Fig. 7. Model A. 

a. Sampling pipe in driving position. b. Sample-fetcher. c. Sampler in sampling position. 
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Fig. 8. Model B. 

a. Sampling pipe in driving position. 
b. Sample-fetcher. 

a b C c. Sampler in sampling position. 

opening the intake, by means of the sample-fet cher, which is lowered into the 
valve, so that its toothed bottom rim engages recesses in a shoulder in the valve. 
In order that the operator may know when the intake is open, a key of the samp­
ling pipe travels in a helical groove in the valve, so that the valve and the sample­
fetcher are lifted when turned. The helical groove consist s of two parts connected 
by vertical grooves. Each part covers one half of the circumference. 

Model B was newer built, because the development went on other lines. 

§ 4 c. Model C1
• 

In order to increase the working speed of the sampler, the design was modi­
fied. The resulting Model C Sampler is shown in Fig. 9. 

The valve and the sample-fetcher have been replaced by a series of leather cups, 
50 imm in outer diameter, which are attached to one another by means of short 
pieces of wire-rope. The uppermost cup is attached in the same way to a heavy 
valve 50 mm in diameter. 

During the driving of the sampler the cups are packed closely together at the 

1 Devised in 1946 by the Author. 

18 



Drive 
pipe 

Valve 

Cups 

Point 

Feeder 

Wire­
-rope 

Intake 

Wire­
-rope 

a b C d e 
Fig. 9. Model C. 
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bottom of the drive pipe, the valve covering the intake, sec F ig. 9 a. At t he 
desired depth the valve is lifted a little by means of a wire-rope extending above 
the ground surface, and the sampler is turned, so that soil is fed into the first 
cup, see Fig. 9 b. Then this cup is raised above the intake (Fig. 9 c), and the 
whole sampler is lifted to the next sampling level (Fig. 9 d) . The soil that enters 
during this operation is collected in the second cup. Now this cup is lifted above 
the intake, and the third cup is filled by turning, see Fig. 9 e. In this way sampling 
can continue as far as the number of cups permits. Every second cup contains 
a correct sample from a certain definite level, and the other cups carry a mixture 
of the layers bet ween two levels, 

One sampler of this kind was built and tried. It worked as intended, though the 
placing of the cups at the bottom of the drive pipe proved troublesome. After a 
short time the sampler was lost at a great depth. It was not replaced because new 
samplers had been devised in the meantime. 

§ 5. Sampler Withdrawn Only Once after Sinking 

Each Bore Hole. 

In 1946 a long core of clay had for the first time been taken in one operation by 
means of the foil sampler (2) . This success encouraged us to devise a side-intake 
sampler capable of taking in one operation a very long sample, or a series of samp­
les, in sand or gravel. Two types of sampler which resulted from this development 
are described below. 

§ 5 a. Wager's1 Sampler. 

§ 5 a 1. Principle. 

Wager's Sampler consist s in principle of a barrel and a filling-body, see Fig. 10. 
The barrel has a side-intake in the shape of a longitudinal slot and a feeder in 
the shape of a longitudinal protruding lip. 

During the driving of the sampler the filling-body prevents soil from entering, 
see Fig. 10 a. When the greatest depth from which samples are wanted has been 
reached, the filling-body is withdrawn, see Fig. 10 b, so that a chamber is formed. 
Then the sampler is turned clockwise, and the lip feeds soil into the chamber, see 
Fig. 10 c . Finally, the barrel is withdrawn. 

§ 5 a f2 . Details. 

The barrel consists of steel tubes 1 m in length, 45 mm in outer diameter, and 
20 mm in inner diameter. They are connected by means of outer couplings made 
of high-quality steel. The outside and the inside of the couplings are flush with 

1 Designed in 1946 by Mr. 0. Wager, Research Department Engineer, in cooperation with the 
Author. Preliminary description published in (5). 
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Fig. 10. Wager's Sampler. 

a. During dri,·ing of sampler. b . After withdrawal of filling-body. c. After turning of barrel. 
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those of the tubes. For the sake of strength, the slot in each tube is only 90 cm long, 
thus leaving 5 cm of the tube wall intact at each end, see Fig. 10 c. 

The filling-body consists of steel rods, 19 mm in diameter, which are screwed 
together. The lowest rod is 0.3 m long. The other rods are 1 m long each (common 
sounding-rod sections). In this way the lengthening of the sampler is made easy, as 
the filling-body always protrudes a short distance above the barrel. 

The lower end of the sampler has a plug screwed into the barrel. The plug is 
furnished with a conical point, sec Fig. 10. The filling-body is attached to the 
bottom plug by means of a left-hand t hread during the driving of the sampler. 

The upper end of the sampler is fitted with different parts during the different 
stages of operation, see Fig. 11. 

The assembly during the driving is shown in Fig. 11 a. A rammer moves along 
a guide-tube, which is attached on top of the barrel by means of a special coupling, 
and hits upon a cushion ring resting on the coupling. The coupling is shifted each 
time the sampler is lengthened upwards. 

The filling-body is withdrawn as follows. First, a screw-jack is placed on top of 
the barrel, see F ig. 11 b, its screw being screwed on to the special coupling. The 
screw is hollow, and the filling-body extends through it and protrudes above the 
upper end of the jack. A clamp is attached here to the filling-body, which is now 
turned clockwise, so that it is disconnected from the bottom plug of the sampler. 
The clamp is then lowered into a fork on top of the socket of the jack, so that it 
engages the socket torsionally, and is tightened in this position, so as to be atta­
ched again to the filling-body. When the filling-body and the socket are now 
turned clockwise by means of the clamp, the jack, which has a left-hand thread, 
lifts the filling-body in relation to the barrel. After the filling-body has been lifted 
a few metres in this way, it can normally be lifted by hand. 

In order toi fill it with soil, the barrel is turned by means of a handle screwed 
on to its top. Four complete turns are normally required. 

The sampler is normally withdrawn by means of a winch mounted in a tripod 
and connected to a lifting-eye that is screwed on to the top of the barrel. It may 
happen, however, that the sampler must first be loosened by means of two lifting­
jacks set against a special yoke. 

The slot in the barrel reduces its torsional strength, so that a barrel which is 
longer than 7 t o 10 m cannot withstand turning in hard soil. Therefore, after this 
length has been reached, the sampler is lengthened upwards, if required, by means 
of ordinary 50 mm pipes, 1 m in length, connected to the barrel by the special 
coupling shown in Fig. 11 and to each other by ordinary couplings. During the 
driving the cushion ring rests on these couplings. 

§ 5 a 3. Evaluation of Samples. 

After the sampler has been withdrawn, its contents must be critically examined, 
since some parts of it may originate from levels other than those corresponding to 
their position in the sampler. 
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Fig.11. Wager's Sampler. Details of upper encl. 

a. During dri,· ing of sampler. b. During wilhdrawal of filling-body. 

Firstly, the soil deposited in the slots during the turning of the sampler may 
later be replaced during the withdrawal of the sampler by soil emanating from 
other levels. Therefore, the soil found outside, say, line A-A in Fig. 10 c must be 
removed, before the samples are examined. 

Secondly, during the driving of the sampler, the soil deposited in the slots may 
follow the sampler some distance downward. Then, when the sampler is turned, 
this soil is moved into the innermost corner of the chamber. Therefore, the soil 
found inside, say, line B-B in Fig. 10 c must be disregarded. 

Thirdly, if the chamber is not completely filled with soil during turning (for 
instance, within the slotless distance of 10 cm at each joint, see Fig. 10 c), or if 
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part of the soil is washed out during the withdrawal, the samples may moYe 
axially inside the sampler during its subsequent withdrawal, and the cavities 
may even be filled with soil from higher levels. For these reasons, not even that 
part of sample which is found between lines A-A and B-B in Fig. 10 c is 
always quite reliable. 

§ 5 a 4. Additi:onal Device. 

The main imperfection of the sampler, namely, the axial movement of the samp­
les in relation to the sampler, can be eliminated by means of the additional deYice 
shown in Fig. 12. It consists of a series of rubber gaskets attached at definite inter­
vals to a string, whose lower end is fastened to the bottom plug of the sampler. 
During the driving of the sampler the gaskets are packed closely together in a 
tightfitting container forming the lower part of the filling-body. After the desired 
depth has been reached, the filling-body, together with the container, is ,Yith­
drawn, leaving the gaskets consecutively as the string gets tight, sec Fig. 12 b. 

§ 5 a 5. Sampler in Practice. 

Wager's Sampler is comparatively light, and it works rapidly and cheaply in loose 
to medium-dense soils. Its average life is 150 to 200 working-days in medium­
dense sand or gravel. 

The device shown in Fig. 12 has been tested and found to work as intended. 
However, it proved cumbersome, when t he sampler had to be cleaned. 

Wager's Sampler was frequently used by the Institute in 1947 to 1951. It is still 
occasionally employed. 

§ 5 b. Kallstenius's1 Sampler. 

In order to eliminate the sources of error mentioned in § 5 a 3 and to improYe 
the penetration ability, a new sampler was developed. 

§ 5 b 1. Principle. 

The main part of the sampler, the samplerbody, is made of a heavy steel rod 
provided with closely-spaced transverse holes. The holes form small chambers 
with unidirectional side-intakes, see Fig. 13. All intakes can be covered by a shut­
ter which runs longitudinally at the side of the samplerbody, its edges being 
guided by two grooves in the latter. 

During the driving of the sampler the intakes are covered by a shutter con­
sisting of a strip of sheet-steel, see Fig. 13 a. After the desired depth has been 
reached, this sheet shutter is withdrawn, leaving the chambers open. Then another 
shutter is rammed down. It consists of a series of steel plates, the lowest of which 

1 Devised by the Author in 1949. Designed by Mr. R. Riper, :Mechanical Department Engineer. 
Field experiments made Mr. I. Bellhester, of the Consulting Department. 
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Fig. lfd . Wager's Sampler with additional device for preventing axial 
movement of samples inside sampler. 

a. During driving or sampler. b. After withdrnwal of filling-body. c. After turning of barrel. 
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Fig. 13. Kallsteni1ts's Sampler. Principle. 

a. During driving of sampler. b. During filling of chambers. 
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Fig. 14. Kallstcnius's Sam7Jler. Samplerbody sect-ion, and series of samples removed frorn it. 

1:-.:> 
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Fig. 15. Kallstenius's Sampler. Joint in samplerbody . 

is shaped as a feeder, see Fig. 13 b. Thus, proceeding downwards, one chamber 
after the other is filled with soil and covered by the plate shutter. Then the 
whole sampler is withdrawn, and the plate shutter is removed. 

§ 5 b f2 . D etails of Sampler Proper. 

The samplerbody is made of annealed chrome-nickel-alloyed steel. It consists of 
1.5 m long sections, see Fig. 14, made from bars 60 mm in diameter. The cham­
bers are 30 mm in diameter and their spacing is 33.5 mm. 

The sections of the samplerbody are connected by means of an axial peg and a 
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Fig. 16. Kallsteniu~·s Sarnpler. Front side with joint in sarnplerbody (lower part) 

and joint in sheet shutter (upper part). 
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Fig. 17. Kallstenius's Sampler. Assembly for handling the sampler. 

special coupling shown in Fig. 15. This coupling, whose outer diamet er is some­
what larger than that of the samplerbody sections, is mounted transversally from 
the back side of the samplerbody, leaving on the front side a free passage for the 
shutter, see lower part of Fig. 16. The coupling is kept in place by two transverse 
pins, see Fig. 15. The whole joint is designed so as to ensure the highest possible 
strength without appreciably increasing the maximum diameter of the sampler. It 
is also to be observed that the chamberless length at the joint is negligible. 

The sheet shutter is made from cold-rolled hardened steel and is 2 mm thick. It 
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consists of sections 1.5 m in length with a very simple joint which can withstand 
pulling, see upper part of Fig. 16. 

The plate shutter is made from cold-rolled hardened steel and consists of sec­
tions 0.2 min length which simply abut against each other. All sections are 10 mm 
thick except the lowest one, i.e. the feeder. According to the soil conditions, four 
different feeders are used. Their lower ends are 15, 20, 25, and 30 mm thick, re­
spectively. The inclination of the lower end surface shown in Fig. 13 b was found 
to be suitable, since it prevents the feeder from being torn out of the guiding 
grooves and helps stones to escape when they are too large to ent er the cham­
bers. A stone which has partially entered a chamber is cut between the edge of 
the feeder and that of the lower wall of the hole. 

The lower end of the sampler is furnished with a point made from hardened steel. 
It is attached to the lowest section of the samplerbody by means of a thick axial 
peg and a transverse pin. The shape of the point has been tried out. A small-angle 
cone together with a chisel-shaped end were found to be best. 

§ 5 b 3. [fondling. 

The sampler is handled by means of the assemblyl shown in Fig. 17. An inter­
nal-combustion engine of 5 H.P. mounted on a frame which forms part of a three­
legged derrick drives a capstan. An endless wire-rope is loosely slung from this 
capstan over a sheave at the top of the derrick. This sheave can be adjusted by 
means of a lever so as to tighten the wire-rope on the capstan. This wire-rope is 
connected by means of a yoke to two other wire-ropes, which run over sheaves at 
the top of the derrick and whose ends are attached to an 80 kg rammer. When the 
operator pulls the lever, the rammer is lifted, and when he pushes it, the rammer 
falls. 

During the driYing of the sampler, see Fig. 18 a, the rammcr is directed by a 
guide-rod mounted on top of the samplerbody by means of a coupling, whose out­
side is flush with that of the samplerbody. The rammer forces down the heads of 
two wedges inserted between the samplerbody and a heavy outer ring2 . These 
wedges cover the whole circumference of the samplerbody, and protrude above 
and below the ring. The sheet shutter follows the downward motion of the samp­
lerbody on account of a smaller wedge inside the two large ones. When the wedges 
approach the ground surface, a fork is placed on the top of the ring, so that the 
blow of the rammer is transferred to the outer ring instead of hitting the wedges. 
If the wedges do not loosen at once, they loosen a little later, when their lower ends 
hit upon a steel slab placed on the ground surface. Then the wedges and the ring 
are set on a higher level, and the ramming proceeds, until the desired depth has 
been reached. 

For the withdrawal of the sheet shutter, see Fig. 18 b, two wedges are inserted 
with their heads upwards between the sheet shutter and an outer ring. The rammer 
moves upwards and hits upon the ring. After a withdrawal of a few metres, the 

1 Designed and built by Barros A.B., Stockholm, in partial cooperation with the Institute. 
2 The lock formed by the two wedges and the ring was devised and patented by Barros A.B. 

31 



shutter can normally be completely extracted simply by pulling with the aid of the 
motor and the winch, whose wire-rope is then attached to the ring. 

During the driving of the plate shutter, see Fig. 18 c, the rammer is directed b_y 
the above-mentioned guide--rod mounted on top of the samplerbody. The rammer 
hits upon a heavy ring, from which the blow is transmitted to the top of the shutter 
by a nose-shaped steel piece. Now and then the rammer and the ring with its 
»nose» are lifted, and a new shutter section is inserted sidewards into a groove in 
the guide-rod and moved downwards into the grooves of the samplerbody. This 
procedure1 is repeated until all those shutter sections which were beforehand con­
sidered to be necessary for reaching the bottom of the sampler have been driven 
down. (Otherwise it would be difficult to know whether one has reached the bot­
tom of the sampler or merely a stone.) 

During the withdrawal of the sampler, see Fig. 18 d, use is made of the same 
wedges and ring as during the driving of the sampler, but they are applied upside 
down. The rammer forces the heads of the wedges upwards. As soon as the sampler 
has loosened sufficiently, the withdrawal is continued by simple lifting with the 
aid of the winch, whose wire-rope is th en attached to a lifting-eye at the upper end 
of the guide-rod. 

§ 5 b 4- Eval·uation of Samples. 

Owing to the funn el-shaped hole around the sampler that may develop down to 
a depth of a few metres during the driving of the sampler, soil may fall down some 
distance in this hole and enter the sampler on a false level. Therefore, if a funnel 
is formed, it is better to discard the samples found in the upper 2 m of the sampler 
and make a separate sampling down to a depth of 2 m. 

Normall?, the feeder does not push soil downwards any appreciable distance be­
fore feeding it into the chambers. It has happened, however, that the feeder -
particularly the largest one - has pushed hard clay a few centimetres down in 
an underlying fine sand, before feeding it into the chambers. 

During the driving of the sampler, small quantities of silt and fine sand may 
enter through the joints in the shee t shutter and at its edges. We have found, ho,Y­
ever, that this fine material normally settles down firmly in the lowest part of each 
chamber, where it can easily be distinguished from the sample proper. 

Comparisons with bore holes made in ather ways and with test-pits have con­
firmed that, apart from the small errors mentioned above, the samples actually 
originate from levels corresponding to their positions in the sampler. 

When the samples are to be examined, the plate shutter is removed - with a 
hammer if need be. Then the samplerbody sections are placed horizontally with 
the intakes downwards on a tile. By knocking lightly with a hammer on the back of 

1 Owing to the vibrations during the driving of the sampler, a funnel-shaped hole may ha,·e 
formed around its upper part. Therefore, the upper part of the samplerbody should be pressed 
forward during the driving of the first 10 or 20 sections of the plate shutter, in order that the 
feeder may be able to fill the chambers with soil. 
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a b C d 

Fig. 18. Kallsteni11s's Sampler. 

a . Driving of sampler. c. Driving of plate shutter. 
b. Withdrawal of sheet shutter. d. ,vithdrawal of sampler. 

the sections - or by using a tea-spoon if need be - the samples are brought out 
to form a string on the tile, see Fig. 14. 

The samples are now tho·roughly examined, and their natures and levels are 
recorded. They may then be put into glass-jars with tight covers and kept for fu­
ture use. 
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§ 5 b 5. Sampler in Practice. 

The penetration ability of the sampler in hard stony ground has proved to be 
better than that of any other portable sampler tried by us, and is probably better 
than that of any other portable sampler known to us. Since it hardly ever happens 
that some chambers are found to be empty or that a whole bore hole fails, the 
sampling efficiency is high. The working speed is on an average about 15 m of 
samples per 8 hours. 

Of course, the different parts of the sampler differ in life. The sheet shutter and 
the couplings must be replaced after about 100 working-days, but the sampler­
body sections and the handling device can be used a much longer time. The neces­
sary current repairs of the sampler are moderate.1 

The sampler is very expensive in construction owing to the high price of the 
requisite steel and the difficulty of machining this steel, and also owing to the fact 
that so much machining is needed. In hard soils, however, it is cheaper in use than 
other samplers, because it works safely and rapidly. 

At the end of 1952 samplers of this type had been used by the Institute for about 
400 working-days - generally for jobs lasting only a few clays each. 

§ 6. Prospective Development of Side-Intake Samplers. 

The samplers mentioned in the previous sections may of course be improved or 
altered to suit other conditions. 

At present a modified t ype of Model II Sampler is in process of design. There 
will be a permanent demand for a cheap sampler suitable for use as a supplemen­
tary part which is always at hand when sounding. 

A probable development of the samplers described in § 4 is a heavy sampler t o 
be hammered into stony gravel by means of ordinary pile-driving equipment. Such 
a sampler would permit the taking of large samples. 

The design of a special type of Kallstenius's Sampler will soon be completed. 
This type is intended for rapid sampling in loose ground. It will be cheaper to 
make than the existing type but the sa mpling safety will be the same. 

§ 7. Summary. 

The development of portable side-intake samplers at the Royal Swedish Geo­
technical Institute has resulted in three types of samplers designed for different 
fields of application: 

a) Supplementary parts of the sounding device. They have a feeder in the shape 
of a pushing lip and only one chamber, which is fixed. They are cheap to make. 

1 It pays to use the best steel a \'ailable for the sampler. Tests on a sampler made from carbon­
steel (C = 0.50 %) resulted in a much shorter life and in much more repairs. 
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Their penetration ability and sampling safety are not so high as those of the other 
types. 

b) Samplers, part of which is "·ithdrawn after taking each sample. They have a 
feeder in the shape of a turning lip and have one or seYeral separately movable 
chambers. They are comparatively bulky and their penetration ability is not so 
high as in the next group. On the other hand, they permit the taking of the biggest 
samples. They are cheaper in construction but more expensive in use than the next 
type. 

c) Samplers for taking very many samples in one operation. These samplers have 
the best penetration ability and permit rapid "·ork. This type of sampler takes 
fairly small samples but permits a complete survey of the soil stratification in a 
way that is not possible with any other knom1 type of side-intake samplers. Kall­
stcnius's sampler is particularly expensive in manufacture, but cheap in use. 
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