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Introduction 

Laboratories of soil mechanics get better equipped cvery year, and 
ever more and newer testing equipn:ent is applied for determining the physical 
characteristics of soil samples. 

By contrast, the development of sampling tools lags behind the develop
ment of laboratory apparatus in many respects. As is commonly realized, 
to now the problem of undisturbed sampling has not been soh-ed satisfactorily. 
This fact might eventually render the development of laboratory instrumen
tation meaningless. No reliable foundation design is possihle "without the 
kno,dedge of the strength and deformation characteristics of the invoh-ed soil 
layers. Complicated instruments and equipment arc available for their deter
mination. Often, however, the results are valid only with reservation, since 
during sampling the material characteristics may he altered to such a degree 
that data truly describing the original, undisturhed soil masses cannot be oh
tained even from the most precise lahoratory tests. What is more, often no 
idea can be formed as to how much an "undisturbed soil sample" is disturbed. 
(KfzDI 1953). The effect of disturbances on the physical characteristics of the 
soil has been demonstrated by earlier investigations (e.g. KfzDI 1954). In the 
following, some fmther effects of soil sampling method on the physical charac
teristics will be discusst~(L 

Sampling macroporous soils 

Loess, which covers most of the Hungarian territory, is rather problemat
ic from sampling, aspects. Its macroporous structure gets readily hurt during 
sampling, and especially the slump values of the sample appear to be hetter 
than they are in reality. Samples taken from drilled holes, from layers above 
the groundwater level are especially susceptible to damage, with a risk of 
alteration of the most typical physical characteristics. Therefore the Soviet 
Standards on soil exploration (e.g. ABELEY 1948), as well as the H~ll1garian 
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Standard (MNOSz 1952) recommend to explore loess layers by means of shafts, 
and also to take samples from shafts, thereby undoubtedly reducing sample 
disturbance. 

To now, however, scarce numerical data on disturbance have been avail
able. A good opportunity was therefore to compare samples from shafts and 
boreholes in the loess area in the Pecs region. Relevant experience will be 
described in the following. 

Borehole samples were 10 cm in dia. and 25 cm in height; shaft samples 
were cubes with 25 cm edges. Fig. I shows characteristics of the phase composi-

I"i. ---
Fig. 1. Change in phase composition depending on the sampling method. 

Sampling: ~ shaft; + boreh:Jle 

tion. Shaft and drilled samples are well distinguished. Drilled samples exhibit 
a significant increase in density: solids percentages by volume s differ by about 
Lls ::::::: 10%. But drilled samples are not only more dense but also their phase 
composition values are morc scattered, despite the fact that the tested layer 
was rather homogeneous with uniform density throughout. 

The above statement is seen also from Fig. 2 showing the variation with 
depth of the solids percentage by volume s and reflecting the effect of ground-
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water. The periodic variation in groundwater level, recurring inundations and 
partly, the capillary rise may have contributed to the change of the loess 
structure, and maybe to a certain slump. Accordingly, "with increasing depth 
towards the groundwater level, the structured appearance of the soil becomes 
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Fig. 2. Change in solids ratio (s%) vs. sampling method and depth below gronnd level. 1 
shaft samples; 2 bored samples; 3 - ground water depth below ground level 

ever more blurred, the shaft samples get ever denser. The opposite tendency 
is manifest for borehole samples. The forced penetration of the sampler re
sulted in the destruction of the soil structure and an increase in density. Since 
the degree of compaction depends on the initial voids ratio, obviously, the 
layer located near the surface, which was originally the loosest one, yielded 
the densest sample. 

The above statement was evidenced by some compression tests on shaft 
and borehole samples, giving also a hint of some interesting phenomena. 
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Table I 

Characteristics of compressive test soils 

Sampling 
Soil type I Sa':lple 

wl~~ Ip0' method ;-';0. ,0 5o~~ I 0' 0,0 ''''0% e, im 
I 
I 

Boring Silt)' fine sand 1 28 7.8 53 30 17 20.9 0.89 0 

2 32 8.9 56 18 26 11.9 0.79 0 

3 29 8.5 52 24· 24 17.1 0.92 0 

4 30 9.2 57 25 18 16.3 0.76 0 

5 30 8.9 62 30 8 17.9 0.61 0 

Shaft Silty fine sand a 3" ~ 8.8 55 28 17 19.1 0.82 0.035 

b 29 7.7 56 26 18 i 19.0 0.79 0.043 

c 31 9.1 57 23 30 14.8 0.76 0.051 

cl 29 7.7 58 20 22 13.0 o ~" .,.:,. 0.043 

e 30 9.8 50 19 31 14.3 1.00 0 

Compression diagrams of the tested soils are sho"wn in Fig. 3. In Tahle 1, 
initial soil physical characteristics are compiled. Compression diagrams of 
drilled samples ha ..... e steeply sloping initial section, reflecting the destruction 
of the skeleton during sampling. Hence an initial small load hrings ahout marked 
compression. "With increasing loading, compression rate is much reduced. 
Flooding with water caused no immediate slump, hut further loading resulted 
in a compression diagram with a steeper slope than hefore. This effect 'was 
the faintest for sample No. 5. 

Shaft samples taken with great care suffered little change in structure, 
and their voids ratio corresponded to the original loose condition, hence in 
compression tests their compressihility 'was ahout twicc the former one. The 
fact that the sample skeleton suffered little damage even when loaded to p = 

3 kpicm2 is ohvious from the marked slump after flooding hy water (Fig. 3h). 
Fig. 3h shows no slump for sample e. The cause may he that this sample 

was the loosest of all, and its skeleton may have heen destroyed under the 
load of 3 kp/cm2, so inundation could entrain no slump any more (im r-v 0). 
Again, this phenomenon gives a hint that the slump coefficient in itself is not 
sufficient to descrihe the hehaviour of macroporous soils; a mechanical ap
proach may he misleading. It would he more correct to characterize soils hy 
the entire deformation diagram. 

The phase is presented in a triangle diagram for two typical samples 
(Fig. 4). In the first section of loading hy 0 to 3 kp/cm2, compression proceeds 
at a constant water content. Under the same load increment, the looser shaft 
s ample becomes more compressed. There is a decisive difference during water 
inundation. Water penetrates without perfectly filling soil pores, heing prevent-
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Fig. 3. Compression diagrams of tested soils. a - bored samples; b - shaft samples 

ed by air inclusions. According to tests, the developing saturation depends on 
the initial water content, in this case S r-J 0.85. Since drilled samples exhibited 
no volume gain upon inundation, but only water absorption, their vector 
is horizontal extending to the saturation line referred to. Shaft samples ex
hibited slump parallel to water absorption, therefore this section of the dia
gram (3-3') reflects two effects. Application of the next load increment 
(5 kp/cm2) resulted in compression in both cases, involving first a further in
crease in saturation, then part of the water being pressed out. The sample, 
however, does not attain complete saturation, since the entrapped air bubbles 
cannot escape but become compressed or partly dissolved in water. 



226 --f. KEZDI et al. 
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.. t.x 
Fig. 4. Phase changes for shaft (a) and bored (b) samples in slump test: (0-3) loading up to 
3 kp/cmz, (3-3') water absorption upon flooding: (3-3") failure of the macroporous structure 

due to water absorption and load: (3' - 5) and (3" - 5) load up to 5 kp/cm2 

Drilled core sampling 

From greater depths (> 3 to 4 m) and especially from below groundwatcr 
level, in general, drilled samples are taken. Sample quality and changes in 
soil physical characteristics are functions of the soil type and the sampling 
tool. The degree of possible disturbances is obvious from the "undisturbed" 
sample in Fig. 5, taken with a sampler type Mazalan driven in layered, hard 
clay. Evidently, this tool used in such a soil yields useless samples. 

The Mazalan sampling tool, rather familiar in this country, is thick
"walled, of robust construction (Fig. 6), with a rather unfavourable area ratio: 

DO DO _ v-- a-0-6') x- - ,~ .... 
D~ 

(1) 

Characteristics of a core sample, no matter ·whether taken by a sampler dri ven 
or jacked in the soil, may significantly change. Therefore, the use of this sampl
ing tool cannot be recommended. Recently, better sampling methods have 
become available, suggesting comparison of sampling tools. A novel tool, 
sampler type F-62, developed at the Drilling Development Section of the 
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Fig. 5. A sample stated "undisturbed", taken from stiff, layered clay by a Mazalan sampler 

Enterprise for Civil Engineering Mechanization, is seen in Fig. 7. The drilled 
hole is deepened by jetting and the sample is cut around by a rotating cylinder 
fitted with an outer cutting cro'wn, so that it gets nearly without friction into 
the inner core cylinder. 

To compare samples taken by either method, the National Enterprise 
for Geology, Exploration and Drilling carried out simultaneous explorations 
in three Budapest sites, each consisting of two drillings I to 1,5 m apart, one 
made dry, using the Mazahin core sampler, the other making use of the F-62 
equipment for taking undisturbed samples. 

The first essential difference in favour of the F -62 horer against dry boring 
was the greater recovery ratio of drilled core samples, offering a selection of 
fair, really undisturbed samples. The conventional "dry" drilling is known to 
completely destroy the soil structure so that before sampling, the borehole 
has to be cleaned. The core obtainahle by normal sampling keeping in with 
regulations is about 20 to 30 cm long for every 2 m, thus in the best case, 10 to 
15 % of the soil taken from a bore hole may be considered undisturbed. In 
contrast, the percentage of samples taken by F-62 was 

drilling No. I 70.7% 

drilling No. 2 62.0% 

drilling No. 3 82.9% 
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Fig. 6. Mazalan sampler: I-cutting edge; 
2 - sample box: 3 - casing: 4-ball valve; 

5 - vent 
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Fig. 7. Double-wall core drill F-62; 1 - outer 
bar; 2 - double bearing: 3 - outer tube: 4 -
inner tube; 5 - crown;~6 - ring; 7 - ciamp. 

ing sleeve; 8 - inner bar; 9 - valve 

To determine the physical condition of the soil, it is required to know the 
·water content, the density and the shearing strength. Percentage by volume 
of solids s which is characteristic of the soil density and water contents tv 

are sho·wn in Fig. 8. 
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Fig 8. Variation in phase composition and water content for l'IIazalan and F·62 sampling; 
(l -solids percentage in identical soils sampled by Mazalan (s~) and by F-62 (s,) samplers: 
b -water percentage in identical soils sampled by l'IIazalan (tv~%) and F·62 (Zt'1%) samplers 
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For the sake of comparison, results from both sampling methods have 
been processed in a correlation system, constructing regression lines. 50 data 
pairs yielded straight lines 

(2) 

for water contents, and 

8 1 = 0.575 8 2 + 0.273 (3) 

for the solids ratio by volume, where zt·l and 8 1 and 102 and 8 2 refer to samples 
taken by sampler F-62 and sampler type Mazali'm, respectively. Both cases 
exhibit a correlation coefficient r = 0.72, which indicates a fair agreement. 

Thus, averages are rather similar. As concerns the density, the MazaUm 
sampler produced somewhat denser samples. Strength values exhibit marked 
differences. 

For instance, Fig. 9 shows the samples taken with the Mazalan sampler 
to have unconfined compressive strength values higher by an order of magni
tude than those of drilled core samples. This fact may be attributed to the 
different history of the samples. The cutting edge of the penetrating Mazalan 
sampler, often not perfectly sharp but more or less worn out, cuts a sample 
greater in diameter than the actual inner cylinder, which is thus squeezed 
into the sampler and becomes pre-Ioaded by radial compression. 

The same phenomenon occurred in the triaxial compression test and 
affected the shear strength parameters. Fig. 10 shows shear diagrams (straight 
lines A and B) obtained from triaxial tests on two soil samples taken from a 
stiff clay (by means of Mazalan sampler and borer type F-62) from identical 
depths. Although physical characteristics are nearly the same (Table II). 

Table II 

Physical and strength characteristics of samples 

Sampling melhod 

F-62 )Iazalan 

Phase composition SO (l 67 68 

WO 
() 29 28 

10 
() 

,t 4 

Triaxia1 test n° 26.5 22.8 

C 

}Ip!m" 8.0 36.0 

Calculated any 2.6 10.8 

i :;\Ipim~ 
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shear strength of the Mazalan sample is seen to be higher (straight line B). 
The increment affected primarily the cohesion, hence, also the calculated 
ullconfined compressiye strength yalues are rather different (circles No 1 

and 2). 
It is interesting to shift circle 2 parallel to itself until it contacts shear 

diagram A. Now, circle 2' results. The .JVIz yalue sho·ws the effect due to the 
pre-loadillg of the Mazalan sample. Sample F-62 ought to he exposed to a hydro
static stress .J Viz ~ 5.3 kp/cm~ in the triaxial set to cause the deyiator stress 
to equal the un confined compresslye strength of the l\1azalall sample. 

Test results unequiyocally show that the Mazalan sampler, originally 
deyised for exploring soft materials, causes significant disturhance eyell 'when 
the phase composition is apparently slightly changed. 

Sampling soft, sensitive clays 

Soft, ~ensltlYlte clays lllay s~lffer significant changes during sampling. 
From this aspect, experiments c'i.rried out in Sweden to ill"vestigate the effect 
of the cutting edge angle as well as Japanese research on the disturhance of the 
sampled zone (F"C"KlJOKA, 1968) are of interest. 

The S·wedish Geoteclmical Institute (KALLSTE);"IlJS, 1958) made com
paratiYe explorations in seyeral test ficlds on thick, homogeneous clay layers 
hy means of fixed-piston samplcrs ·with technical data compiled in Table 3. 

Table III 

Data of Swedish samplers 

Sampi('r i'ize Cutting edge Wall 
= Dj-Da Sampler :<ymhoI angle thi(~kne:<::; lOIJ 

Da(mm) D,.(Illlll) D/(mlll) h(lUIlI) r(llllll) Da 

S] ·1·). .51 ·1·1 6·10 3 . .5 0.34 0 

Gk. 12 .. 5 ·),5.5 43 ·188 10.5 ·1.75 0.15 1.1 

::\"GI 5·1 57 .5·1.7 800 12 1..5 O.ll 1.3 

SGI. IY. 60 . .5 83 . .5 60 . .5 22·1 26.5 11.5 0.90 0 

SGI. YI. 60.5 75 60.5 ·128 8.3 - ·r /._:J 0.55 0 

SGI. VIII. 60.5 76 60.5 46·1 9.7 7.55 0.57 0 

::\"ote - Dj means the increased inner diameter beyond the cutting edge. 

Unconfined compressiye strength yalues haye been used for comparison, 
shown in Fig. 11 ys. depth. \"/ithin the range of tests shown in the diagrams, 
the wall thickness does not seem to be decisiye. Namely, CUl'Yes SJ and SGI-
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IV are approximately parallel, although the wall thickness of the latter 
sampler is about three times the former. 

Just the opposite is true of the cutting edge angle. Curves of the samplers 
with very acute cutting edge angle are seen to differ markedly from those 
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Fig. 11. "Cnconfincd compressi--e strengths vs. depth for various samplers 

-with flat angles. These latter are nearly parallel down to 10 m hut at increasing 
depths they diYerge considerably. Tests on samples Gk and NGI show an 
increase in unconfined compressive strength proportional to the depth (as a 
natural consequence of increasing pre-Ioading due to geostatic pressure), 
while both other samples exhibit reduction. 

This fact was likely to result from an increase by 0.5 to 0.7 mm in the 
sampler diameter beyond the cutting edge, greatly reducing the friction be-
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tween the cut sample and the cylinder wall. (Sizes and sampler data see in 
Table 3.) The importance of the cutting edge angle is obvious from Fig. 12. 
An inclination exceeding 10° is seen to greatly affect the soil structure. 
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Fig. 12. Effect of cutting angle on unconfined compressive strength 

It has been mentioned that, when forced into the soil, the cutting edge 
of the sampler exerts mechanical effects causing changes in the soil mass. 
To prove this hypothesis, Japanese research workers made shear vane tests 
in a borehole before and after sampling. Shear strength results versus depth 
are sho"wn in Fig. 13. It is interesting to see that with respect to the pre-sampl
ing (undisturbed) condition, the peak stress Tmax is lower in post-sampling 
shear tests, while the T needed for continuous shear is somewhat higher. This 
is probably due to a certain destruction of the structure (reduction in Tmax) 

and to the increase in density (increase in T) resulting from the sampler penetra
tion. 
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Fig. 13. Shear strengths in the borehole before and after sampling. a - shear stress vs. rotation 
(1 - before sampling; 2 - after sampling); b - shear stress vs. depth 

Sampling compacted soils 

The preceeding sections have been concerned 'with the sampling of, and 
disturbances in natural soils. Analysis of sampling in compacted soils is equally 
important. Let us make here some comments on the measurement of density of 
compacted-transition - soils. Grading curves of the tested soils are sho, ... -o. in 
Fig. 14. Proctor tests were carried out on each of the four soils and cylindrical 
samples 4 cm dia. and 6 cm high were taken of the compacted soil by driving 
in the trepan cylinder , ... ith a wall thickness factor 0: = 0.107. 

Mean solids percentage of the compacted soil So and of the sample s 
taken , ... ith the cylinder are shown in Fig. 15, clearly demonstrating the import
ant disturbance caused by the sampler in spite of its favourable wall thickness 

2 Periodica Polytechnica Civil 18/4 
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factor. The disturbance due to driving in the sampling cylinder is the greater, 
the less the solids percentage So' The disturbance is due to deformations around 
the cutting edge, and to frictional forces on the cylinder surface. The disturb
ance effect must not be omitted because of the great error introduced. 

The disturbance could be reduced by eliminating or minimizing both 
effects. Direct sampling in compacted, cohesive soils could conveniently be 
made by samplers cutting round the sample at a static pressure as low as 
possible, such as by air jetting, water jetting, and crown borers. 
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Summary 

This modest contribution to the problem of sampling and the resulting disturbances 
points out again the known fact that an undisturbed sample can hardly be conceived. Among 
available means and methods. those providing for the most reliable (undisturbed) sampling 
have to be chosen. 

Special attention is due to the exploration of macroporous structure areas. In such 
cases, sampling from shafts is absolutely superior. 

The sampling tool should be chosen. guided by experience in this country, so as to fit 
best soil conditions. Reliability of soil testing cannot be improved unless increasing the relia
bility of sampling; without that any refinement of laboratory tests is meaningless. 

References 

ABELEY, YU.}I. (1948): Osnovu proektirovania i stroitelstva na makroporistik gruntah. Stroi
voelllnorizdat. Moscow 

Fl.'KroKA, M. (1968): -General Report of the Symposium on Soil Sampling. Osaka. 
ICHLSTEl'ilrS, T. (1958): Mechanical Disturbance in Clay Samples Taken with Piston Samplers. 

R9yal Swedish Geotechnical Institute Proceedings, l'io. 16. Stockholm. 
KEzm, A. (1953): Is There or Is There l'iot Undisturbed Soil Sample?* MeIyepitestudomanyi 

Sz.emle, Vol. 3. l'ir. 1 p. 23- 28. 
KEzDI, A.: (1954.): Soil Mechanics n. * Tankonyvkiad6, Budapest. 
MARCZAL, L. (1968): Comparative Tests on Two Devices for Undisturbed Soil Sampling. * 

Mernokgeol6giai Szemle. 
Civil Engineering Construction Series. Hungarian Standards l\Il'iOSZ 15135- 52. Design and 

Construction of Projects on Macroporous Loess Soils. (Tentative)*. 
P,iRD.-i".:YI, J. (1961): Development of Sampling Means and Field Tests ill Hungary*. l\Iagyaz 

Epitoipar, 1961. l'Ir. 4. 

* In Hungarian. 

Prof. Dr. Dr. h. c. Arpad KtZDI, COrI'. lVI.Hung.Ac.Sci., 1 
First Ass. Imre KABAI, J 
Erno BICZOK, Research Eng. 
First Ass. Lasz16 lVIARCZAL 

2* 

H-1521 Budapest, 




