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98 Seotion Bs EXPLORATION OF SOIL CONDITIONS AND SAMPLING OPERATIONS

No. B=8 PRELIMINARY RESULTS OF CORING IN LOOSE STRATA
Ho Fehlmann, Engineer, Switzerland

In Switzerland it was relatively late that due attention was pald to earthwork mechanies and parti-
cularly to the obtaining of reliable information as to soilse The reason for this is that the Swiss
diluvial and alluvial soils oonsist to a large extent of ocoarse grained strata and offer, as a rule, a
sufficient bearing strengthe Hence it was only recently that the need for meohanioal investigation was
evident in the Alps as well as in the lowlands, where the ground largely oonsists of fine grained strata.

The first coring operations in Switzerland were ocarried out in 1933 with the Burkhardt Borerod
method (Sohweizerische Bauzeitung, Zirich, 3rd June 1933). This is sufficiently well-kmown, end goes
not need to be desoribed heree. It may suffice to remark that the cores are taken by means of a specially
constructed boretube, on the lower end of which a core-barrel is attachede The boretube and this appa-
ratus are driven together into the strata which ere to be bored. To overoome the outer friction, es-
pecially in boreholes of over 20 metres depth, a relatively great driving force is neoessarye. For this
reason and also because of the springs contained in the apparatus to hold the cores, the samples suffer
a great deal, and are therefore but little suited for physiocal investigations of the soile. In addition,
the obtainable borehole length is limited by the friotion of the tubee

The prooess (Hooh-und Tiefbau, Zurioch, No. L;7 & 48 193L. Patent A.eG. ffir Grundwesserbauten, Travaux
Hydrauliques S.A., Berne.) developed by the author was put into aotion experimentally in the Autumn of
1932, but was first largely employed in Spring 1934 for the soundings in connection with the Nideu weir.
By this method cores of about 30 cm diameter were obtained by using oore-barrels of about 2 m in length,
which were foroed into the borehole by a special driving pipe. The process is developed in accordance
with the followlng principles:

&+ The core-barrel oan be so constructed that it may be used for any set of pipese It is thus pos=-
sible to take sontinuous cores through the whole length of the borehole or to limit them to the strata
which are of speoial interest from a meohenical point of view. The intermediate strata, whiech are not
to be investigated, oan simply be drilled up by the ordinary boring process. Any boring apparatus to
carry out normal borlngs can be employed for suoh coring operations with slight adjustmentse

be The structure of soil-samples suffers considerably, as is well-known, even wlth the best sampling
devicess The present method hes been so developed as to minimize this, partly by redueing, to the
greatest possible extent, the driving foroce for coring and partly by an especially developed core-
catchere Experlience has shown that the coring of oohesive soils is most praoticable when using a ceanvas
casing (Swilss Patent Noe. 181191) fixed inside of the core-barrel. (Fig. 1) In strate which are but
s8lightly cohesive a trap is used at the bottam of the core-~barrel consisting of four flaps in two planese.
(Patent pending Fig. 2).

os It has been experienced that the inner structure of the cores is least disturbed when the appara=-
tus is driven into the strata in question. But not more than 30 strokes a minute should be given. If
the number of driving strokes is too great, the strata are set in continuous vibration, whish has a very
bad effeoct on the structure,.

d. The inner oore-barrel, or the core-oontainer, oonsists of two semiociroular parts, from whish the
core oan easily be taken. On the site the cores are preserved in speoial boxes. (Fig. 2, eto.)

e+ By telescoping the bore=tubes it is possible to obtain oores to any desired depthe Obstruotions
such as tree trunks or rooks oan be ohiselled throughs Coring ocontinues after drilling through suoh ob-
staclese

fe Special attention is paid to the economy of the coring operation, The boring apparatus is movable.
The core-barrel is run into the borshole wlth strong drive pipes 2 metres longe The drive pipes are con-
neoted by bayonet joints of special consitruotion, which enmbles the rapid introduction and withdrawel of
the core-barrel. (Fige 3)

The conclusions obtained from this boring prooess may be summarized as follows:

ae The speed of work depends on the depth of the boring and the nature of the strata to be pieroced,
In saf't strata, e.ge ohalk, silt, turf, etce., the progress is naturally much greater than in herd moraine.
The table on the followlng page gives a summarye

be It has been demonstrated by these borings that the process is very well suited for obtaining
undisturbed cores. Fige lj and 5 show that the disturbance of the cores in moraines, even when these
have intermediate send, is very slight,

Coring is naturally more diffioult and less satisfactory in oohesionless meterials (Fige 2)e It
must however be observed that this oore had to be out out with the scoop around large stones and there-
fore shows an irregular shape.

oe Disturbances of the core are oaused prinocipally by the driving, by the friction of the coare on
the inside of the core-container and by the fact that the latter is narrower than the driving shoee The
participation of the individual forces to the general disturbance depends on the nature and composition
of the strata end is extremely diffioult to determine. The disturbance depends besides on the coring
methode.

The driving-force generally results in a compression of the side strata, but also to some extent of
those under the driving shoe. It is therefore essentiael that driving should teke place with as light a
welght as possible and a short stroke-lengthe. The loous of the driving shoe (Fig. 8) shows that the
work of driving is smaller in the upper part of the core then in the under portion. This observation is
oconfirmed by the determinetions of the water-content. In strongly water-bearing materials a greater
water=content was found in the upper layers of the cores than in the lower layers, although apparently



Fige 3 Fige 9

Setting up a drive pipe Whole core (test 25) and dissected core (test 26)
(Shannon River) Obtained with driving shoe without an inner angle.
Pleaoce Mex depth Internal Core Strata Deily progress
of bore= diae. of Diee bored ex, installation
holes bore tube & withdrawal
AVe Max,
Nideu Weir 15.0 m 350 mm 300 mm Moraine & 0,75 m 2415 m
molesse
Steinbaoher
Viaduot 3540 m 350/300 mm  300/225 mm Fine sandy mud  2.63 m 5402 m
and clay mud
Hllhnerma tt-
darm L0.O m 350/300 mm 300/225 mm Herd moraine, 1le17 m 34,20 m
oley & gravel
locally
Shannon,
Ireland 200 m 350 mm 26, mm Sandy olay, 1.69 m 3432 m
hard sand &
gravel

the whole core eontained the same material. For the carrying-out of soil investigation it is reoom~
mended to oore short samples at a time.

The part of friotion on the inside of the core-container 1s small in comparison to the total dis-
turbance., Its amount depends on the shape of the shoe (See Fige 6 and 9)s The friction is at a mini-
mum when the shoe runs vertically, and 1t increases with the fall from the vertical.

The chief influence of the disturbance is due to the differencea in wldth of the shoe and the con-
tainer. If the shoe is formed with an inner angle (Fig. 6a) the core becomes longere. In entirely
plastio material the length of the core obtained in relation to the effective length is proportional to
*he square of d, and « But as the cores are generally composed of different strate, the prolongation
does not obey this law exactly, Still more troubling than the prolongation of the core for the physi=~
ocal investigation of the soil, is the disturbance of the structure caused by the variation of the sec-
tion.

Clay oores (Hihnermattdem material) taken with an imward sloping shoe showed longitudinal oraoks,
as seen in Fig. 7. These disturbances are the result of the driving, the interior friction and the
variation of the seotions together. From this figure it can be seen that in a core of 300 mm dia-
meter, the imner core portion of 2/;0 mm diameter shows no disturbanoe., This part of the core is there-
fore quite suitable for physical examination of the soil. As the disturbance influences only the outer
portions, ocores with the greatest possible diameter should be taken. In the case of & less ochesive
8oil, oonditions are naturally less suitable.

d. Exeot observation of the loocus of the core top and of the core bottom allows the ocorreotion of
the core, that is to say, the determinmtion of the effective length of the single strata composing the
core (Fige. B) (The diagram of determination was proposed originally by Dr. Burkhardt). But it must be
observed that the bottom of the oore breaks off on withdrawal and remains In the bore-holes The
length of this part of the core depends on the catcher of the oore barrel.

The loous of the core top indicates the variations in the length of the core, while the loocus of
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the core bottom reveals the resisteance, which the various streta opposed to the penetration of the
containers This resistance increeses with the depth on account of the exterior friction end the pres-
sure of the superposed stratea, so that the loous of the core bottom approaches ea parabolic curve in
homogeneous materiel. For this reason, the determination of the lengths of the single core parts in
proportion to the total lengths of the core, is inexact. In spite of this fact, the composition of a
core is never known in advence, with the result thet the core top end core bottom must be observed
continuelly.

o+ Cores taken with a drive pipe shoe with imwerd angle allows an accurete granulometric enalysis,
and when corrected, also a geological analysis of the pierced strate. OSuch cores extracted from come
pact strate, e.g. moraine, compact clay, etce., having a sufficient dlameter are useful also for phy-
sical investigations of the soil. Whereas such cores are not satisfectory when teken in loose strate.

f+« For the above-mentioned reesons, end especially for extracting slightly coherent cores, the
shoe should alweys be constructed without an imner angle. (Fig. 6 and G) On the other hand the diffi-
culty of coring will be increased by this shape of shoe, beceause the frioction of the core on the in-
side of the container is en important factor in the extraction,.

If the drive pipe shoe end the container have the same section everywhere, the chief causes of
the disturbasnoes, that 1s to say, the influences of the difference in width end the inside friction, are
elimineteds In consequence, only the disturbance caused by the driving work remains. In spite of the
foresight, investigations have shown that the driving force is not much greater by employing & properly
constructed shoe without an imwerd angle, than by employing e shoe with an immer anglee. Definitive
results, however, are not yet to hand as investigetions are still being continued.

It is obvious that the extraction of cores must be carried out with the greatest care, if they are
to serve for physical exeminations. In order to avoid disturbances through tremnsportetion of the oores,
it is advaentegeous to carry out the investigations on the site with simple appereatus. These include
especielly the determination of the water-content, density, volume of voids, porosity, and sieve
annlysis down to 2 mm.
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