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VPLYV DEZINTEGRACNYCH METOD NA VYSLEDKY

HUSTOMERNE]J SKUSKY

THE INFLUENCE OF DISINTEGRATION METHODS ON TEST RESULTS FOR ASSESSMENT

OF THE SOIL PARTICLE SIZE DISTRIBUTION

Cldnok nadvizujiici na vyskumnii iilohu je zamerany na vyko-
ndvanie hustomernej skiisky na urcenie zrnitosti zeminy pre zeminy

neobsahujiice zrnd nad 2 mm. Niektoré casti skusky vyzeraju byt

problematické a rozne laboratorid casto ziskavaji rozne vysledky.
Prispevok sa zameriava na dokdzanie skutocnosti, Ze rozne metody
separdcie zfn maji podstatny vplyv na vysledok celej hustomernej
skusky a ukazuje, ako rozne separacné metody pésobia na jednotlivé
minerdlne zrnd spolu s pésobenim dispergacného cinidla.

1. Uvod

Skuska pre stanovenie zrnitosti zeminy je bezne pouzivanou
skuskou v geotechnickej laboratornej praxi. Vysledky tejto skusky
je mozné vyuzit pre ostatné geotechnické stanovenia a charakteris-
tiky zemin, napr.: upresnenie vyberu smernych normovych hodnot,
orientacné stanovenie priepustnosti, namrzavost podla Schiebleho,
aktivitu ilovych mineralov, vhodnost zeminového filtra pre malé
vodné nadrze a pod.

Skuska sa moze vykonavat roznymi sposobmi v zavislosti od
velkosti zfn zeminy. VSeobecne sa pre zeminy, ktoré obsahuju
zrna vacsie ako 2 mm, pouziva mokré alebo suché preosievanie
a pre zeminy obsahujice zrna mensie ako 2 mm hustomerna skuiska
a pipetova skuska. Pre iné typy zemin sa mo6zu pouzif kombino-
vané alebo iné metody.

Clanok nadvizuje na vyskumnu tlohu - Fyzikalne a chemické
vztahy v systéme ilovita frakcia - voda, na ktorej sa pracovalo
v tomto roku na katedre geotechniky. Uloha bola zamerand na
vykonavanie hustomernej skusky pre urCenie zrnitosti zeminy,
ktora neobsahuje zrna vacsie ako 2 mm. V laboratoriu boli testo-
vané viaceré vzorky a dve z nich, jedna z Martina a druha z Lip-
tovskej Ondrasovej boli podrobené tiplnej a opakovanej analyze,
vratane mikroskopického pozorovania.

* Mgr. Dana Sitanyiova

The article pertinent to the research activity focuses on the hydro-
meter test performed for assessment of the soil particle size distribu-
tion for soils not containing the particles of size over 2 mm. Some
stages of the test seem to be problematic, and various laboratories
often obtain different test results. The contribution is directed to prove
the fact that various methods of particles separation substantially
influence the result of a whole hydrometer test and trace how various
separation methods effect the individual mineral particles together
with dispersing agent.

1. Introduction

The test for assessment of the soil particle size distribution is
in common use in the geo-technical laboratory praxis. The results
of the test can be utilized for other geo-technical determinations
and characteristics of soils e.g.: choice specification of norm
values, informative assignation of permeability, frost susceptibility
by Schieble, activity of clay minerals, applicability of a soil filter
for little dams, etc.

The test can be performed in different ways in dependence on
the size of the soil particles. Generally the wet or dry sieving is used
for the soils containing particles of a size over 2 mm, hydrometer
test and pipette test for the soils containing particles of a size
under 2 mm. For other type of soils combination method, or other
method can be used.

The article relates to the research activity - Physical and chem-
ical relations in a water clay suspension system, which have been
carried out at the department of geotechnique this year. The
research focused on the hydrometer test performed for assessment
of the particle soil distribution for soils not containing particles of
a size over 2 mm. Several samples of soils were tested in the labo-
ratory and two of them, one from Martin and another from Lip-
tovska OndraSova, were completely and frequently analyzed,
included a microscopic observation.
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2. Teoria sedimentacie

Teodria sedimentacie je zaloZena na skutocnosti, Ze vacSie
Castice sa v suspenzii usadzuju rychlejSie ako malé, za predpo-
kladu, Ze vSetky Castice maju podobny tvar a hustotu [2]. Ak su
zrna priblizne gulovitého tvaru, vztah medzi kone¢nou rychlostou
- Va priemerom zrna - D je dany Stokesovym zakonom.

V= D? (1

Hoci ilovité zrna nemaju gulovity tvar, aplikovanie Stokesovho
zakona je dostatoéne realistické pre vacSinu praktickych pripadov.
V zmysle Stokesovho zakona je konecna rychlost gulovitej Castice
klesajucej v kvapaline dana vztahom:

_ ng(Ps ~pr)
187

(2)

kde D = priemer zrna; pg = hustota hmoty pevnych zfn; p; =
= hustota hmoty kvapaliny; 1 = dynamicka viskozita kvapaliny;
g = gravitatné zrychlenie. V stllade s tedriou sedimentacie su
zrna roznej vel'kosti reprezentované ich konecnou rychlostou a pri-
blizne ekvivalentnymi priemermi.

Pocas hustomernej skusky sa zrna nechaju usadzovat pod
vplyvom gravitacie cez kvapalinovy stipec vysoky 300 mm. Hned,
ako sa suspenzia domieSa (Cas ¢ = 0), su vSetky zrna rozptylené
po celej hibke suspenzie. Potom sa zaénu usadzovat na dno. Ak
predpokladame, Ze zrna dosiahnu ich konec¢nu rychlost za kratky
Cas, po 10 sekundach kazdé zrno velkosti hrubej prachovitej
Castice spadne 10 mm, stredne prachovitej Castice 1 mm a jemne
prachovitej astice 0,1 mm.

Po 30 000 sekundach (asi 8 hodin) vSetky zrna vo velkosti
prachovitej Castice dosiahnu dno a v suspenzii ostanu len zrna vo
velkosti ilovitych Castic. Z presnych merani vykonanych v znamych
Casovych intervaloch od zaciatku sedimentacie je mozné stanovit
zrnitost zeminy. Pritomnost hmoty pevnych zfn mozZe byt stanovena
pomocou vzorkovania zo stanovenej hibky (v pipetovej analyze),
alebo meranim hustoty suspenzie pomocou hustomeru (husto-
merna skuska).

3. Popis hustomernej analyzy

V tejto metode sa na mera-

nie hustoty suspenzie zeminy vo
vode pouziva v roznych ¢asovych
intervaloch hustomer $pecidlne-
ho tvaru. Postup skusky a reagen-
ty st uvedené v tabulke 1.

Kompletna skiska sa obvyk-
le vykonava nasledovne:

1. Wyber a priprava: z reprezen-
tativnej Casti celej vzorky by
sa mala vybraf primerane

The test stages and used reagents
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2. Sedimentation theory

The theory of sedimentation is based on the fact that large
particles of suspension settle more quickly in liquid than small
particles, assuming that all particles have similar shapes and den-
sities [2]. If the particles are approximately spherical, Stokes’ Law
gives the relationship between a terminal velocity - V and a parti-
cle diameter - D.

Vo D? (1)

Although clay particles are not of a spherical shape, the appli-
cation of Stokes’ Law is sufficiently realistic for most practical
purposes [2]. According to Stokes’ Law, the terminal velocity of
a spherical particle falling in fluid is given by:

D’ -
V= &(ps — pr)
187

(2)

Where D = diameter of particle; pg = mass density of the solid
particle; p, = mass density of the fluid; n = dynamic viscosity of
the fluid; g = acceleration due to gravity. According to theory of
sedimentation, the particles of different size are represented by
their terminal velocities and approximate equivalent diameters.

In a hydrometer sedimentation test the particles are allowed
to settle under gravity through the water over 300 mm deep. Imme-
diately after the suspension has been shaken up (time ¢ = 0), all
particles are distributed throughout the depth of suspension. Then
the particles started to settle to the bottom. If we assume that a par-
ticle reaches its terminal velocity within a very short time, after
10 s the coarse silt particles have each fallen 10 mm, the medium
silt particles 1 mm and the fine silt particles 0.1 mm.

After 30 000 s (about 8 h) silt particles of all size have reached
the bottom, leaving only the particles of clay size in suspension.
From certain measurements made at known time intervals from
the start of sedimentation, the distribution of particle sizes can be
assessed. The mass of solid particles present can be determined by
sampling from a specified depth (as in the pipette test) or by mea-
suring the density of suspension with a hydrometer (the hydrom-
eter test).

3. Description of the hydrometer analysis

In this method a density hy-

Test procedural stages:

Selection and preparation of the test
specimen

Pretreatment for organic or
calcareous matter

Separation and dispersion
Wet sieving to 0.125 mm sieve
Hydrometer test

Calculation and result presentation

Tab. 1  drometer of special design is used
to measure the density of a soil
Reagents . . .
— suspension in water at various
Distilled water

time intervals. The test procedure
and reagents are shown in the
Table 1.

Hydrogen peroxide [20

volume solution]

Dispersant solution
The complete test is usually

performed as follows:

1. Selection and preparation: the
appropriate size of specimen

Hydrochloric acid
[¢ = 1Imol/1]

from representative part of
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velka vzorka (zaroven sa musi stanovif vlhkost zeminy pre
vypocet hustoty suspenzie).

2. Predpriprava: tato faza nie je potrebna vidy. Predpriprava
v pripade pritomnosti organickej hmoty je vhodna pre orga-
nické zeminy a vykonava sa pomocou oxidacie peroxidom
vodika. Predpriprava v pripade uhli¢itanovej hmoty s kyseli-
nou chlorovodikovou zabezpeCuje oddelenie jednotlivych zrfn,
pretoze vapnité primesy mozu posobit ako cementacné Cini-
tele. Pouziva sa pri vapnitych zeminach.

3. Separdcia a disperzia: pri separacii na jednotlivé zrna sa mozu
pouzit alternativne postupy. Pred separaciou sa pripravi vodna
suspenzia a do nej sa prida dispergacné Cinidlo. Potom by sa
suspenzia mala nechat dispergovat najmenej 24 hodin.

4. Preosievanie: pripravena dispergovana suspenzia sa preoseje
cez 0,125 mm sito a prenesie sa do odmerného valca, kde pre-
bieha samotna hustomerna skuska.

5. Hustomerna skuska: ked suspenzia dosiahne izbovu teplotu,
zamieSa sa v odmernom valci. Hned' po domieSani sa musi
zacat s odCitavanim na hustomeri v rdznych ¢asovych inter-
valoch.

6. Wpocet a prezentdcia vysledkov: namerané hustomerné Citania
sa vlozia do pocitaca a su vyhodnotené bezne pouzivanym soft-
vérom, v naSom pripade pomocou programu Soilab. Vysledkom
su krivky zrnitosti, ktoré znazornuju percentualne zastipenie
zfn zeminy.

Druha a tretia faza vyzera byt problematicka, pretoZe vyko-
nanie tychto faz je uplne zavislé od osoby, ktora vykonava skusku.
Ona vybera vhodné dispergacné €inidlo, jeho mnozstvo, separacnu
metodu a trvanie jednotlivych krokov. Tento fakt vel'mi vplyva na
vysledok skusky a tymto spdsobom viaceré laboratoria ziskavaju
rozne vysledky. Z tohto dovodu sa vyskumna uloha zameriava na
najdenie optimalnej metody pre stanovenie zrnitosti zeminy. Kon-
krétne na druhy a treti krok skusky.

4. Teoria disperzie

Systém zeminy a destilovanej vody reprezentuje disperzny systém
dvoch faz. V naSom pripade je pevna faza reprezentovana fazou
zeminy (dispergovana faza - disperzum) a destilovana voda zastu-
puje disperzné prostredie. Tento typ disperzného systému sa nazyva
suspenzia a mdZzeme ju zaradif medzi systémy lyofébneho typu.
Lyofobne soly su charakteristické nizkou pritazlivostou medzi dis-
pergovanou fazou a disperznym prostredim. Z hladiska stability
a rozpustania koloidnych Castic su dolezité iony adsorbované na
koloidnych ¢asticiach. Z tohto dévodu su lyofébne soly velmi
citlivé na pridanie elektrolytov, ktoré znizuju velkost i6nového
naboja vo sfére medzi dvoma fazami. Proces, kedy sa koloidné
Castice zrazaju, je nazyvany koaguldcia. Proces opacny, ked sa koa-
gulované agregaty premienaju na koloidné Castice, sa nazyva dis-
perzia. Na stabilitu koloidnej Castice vplyva mnoho faktorov, ale
najdolezitejSim je existencia elektrického naboja. Preto sa pri koa-
gulacii alebo disperzii pouzivaji metddy, ktoré ovplyvauju elek-
tricky naboj castic. NajpouzivanejSou metodou na ovplyvnenie
elektrického naboja je pouzitie disperznych cinidiel.
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whole sample should be chosen (hereby, it is necessary to assign

the soil moisture for the calculation of suspension density).

2. Pretreatment: this stage is not necessary every time. Pretreat-
ment for organic matter is suitable for organic soils and it’s
provided with oxidation process with hydrogen peroxide. Pre-
treatment for calcareous matter with hydrochloric acid is
required for separation of individual grains, because the cal-
careous compounds could act as a cementing agent. It’s used
for calcareous soils.

3. Separation and dispersion: for separation of the individual par-
ticles alternative procedures can be used. Before separation
the water suspension is prepared and dispersing agent is added
into suspension. Then the suspension should be allowed to dis-
perse at least 24 hours.

4. Sieving: prepared dispersed suspension is sieved through the
0.125 mm sieve and transferred to a cylinder, where the hydrom-
eter test is realized.

5. Hydrometer test: when suspension reached the room tempera-
ture, it’s shaken in the cylinder. After stirring subsequently the
readings of hydrometer at various intervals of time must be
taken.

6. Calculation and result presentation: measured readings are
inserted into a computer and evaluated with a commonly used
software, in our case with the Soilab program. The curve,
which presents the per-cent representation of the soil particle
sizes is obtained.

The stages number 2 and 3 seem to be problematic, because of
the fact that the execution of these stages is absolutely dependent
on a person who performs the test. S/he chooses a suitable kind
of a dispersing agent, its amount, separation method and duration
of single stages. This has a great influence on the test results and,
in this way, various laboratories obtain different tests results.
Because of that fact, the research activity aimed at finding an
optimal method for the assessment of a soil particle size distribu-
tion. Concretely, it focuses on the second and third test stages.

4. Dispersion theory

The system of soil and distilled water represents a dispersed
system of two phases. In our case, the soil represents the solid phase
(dispersed phase) and distilled water represents a dispersed
medium. This type of a dispersed system is called suspension and it
can be tabled among lyophobe types. Lyophobe sols are character-
istic by a low attraction between a dispersed phase and a dispersed
medium. The ions adsorbed on colloidal particles are important
for stability and dissolution of colloidal particles. On account of
that, lyophobe sols are very responsive to the adding of electrolyte,
which lower the value of an ion charge in the sphere between two
phases. The process, when the colloidal particles are flocked is
called coagulation. The opposite process, when the flocked aggre-
gates are turned to colloidal particle is known as dispersion. Many
factors influence the stability of a colloidal particle, but the exis-
tence of an electrical charge is the most important. Therefore, the
methods, which have impact on the electrical charge of the parti-
cle are used to coagulating or dispersion. The most common way
to affect the charge is the use of dispersing agents.
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5. Popis skusok

V laboratoriu katedry geotechniky boli testované vzorky
z dvoch lokalit, jedna z Martina (vzorka 1) a druha z Liptovskej
Ondrasovej (vzorka 2). Obe vzorky boli ziskané zo sedimentarneho
loziska (z vrchnej povrchovej vrstvy), kde sa tazi material (paleo-
génna vapnito-ilovita bridlica a neogénny vapnity il) pre tehliarsky
priemysel. NajCastejSie sa vyskytujucimi mineralmi su: kremen,
kalcit, dolomit, pyrit, limonit, illit, kaolinit a montmorillonit.
Vzorka 1 tiez obsahovala vapnité ulomky fosilii a uhol'nti drvinu
(pigment). Vykonali sa nasledovné procedury:

Primerané mnoZstvo prirodzene vlhkej skiiSobnej vzorky (asi
40 g) sa zalialo destilovanou vodou s dispergacnym ¢inidlom,
rucne sa niekol’kokrat zamieSalo a nechalo sa dispergovat cez noc
(24 hodin). Potom sa vzorka rozdruzila roznymi dezintegracnymi
metodami (mixovanim s vysokootackovym ponornym mixérom,
vibraénym mieSanim s ultrazvukovym dezintegratorom UZD-300
od firmy Belson Levice, varenim a mletim s vibracnym mlynom
VM4 - s frekvenciou 50 Hz). Neskor sa takto pripravena rozptylena
suspenzia preosiala cez 0,125 mm sito a preniesla do valca na sedi-
mentacny test. Vysledky hustomernych Citani sa vlozili do pocitaca
a vyhodnotili softvérom Soilab. Urcenie hodnoty zrnitosti zeminy
pre testované vzorky a ziskané krivky reprezentuju vysledky hus-
tomernej skusky (vid' graf 1 - 4).

Cielom nasej vyskumnej ilohy bolo dokazat, Ze pridanie roz-
tokov roznych dispergacnych cinidiel a rozne metddy separdcie maju
vplyv na rozdruzenie zfn zeminy. Na zaklade predchadzajucich
experimentov s roznymi: antikoagulaénymi ¢inidlami, ich koncen-
traciami, mnozZstvom vzorky a pod., bolo rozhodnuté pouzit nasle-
dujuce antikoagulacné cinidla:

« Standardne pouZivany antikoagulacny roztok, ktorym je 33 g
hexametafosfore¢nanu sodného a 7 g uhli¢itanu sodného v 1 litri
destilovanej vody (dalej - H),

« roztok vodného skla 18 ml v 1 litri destilovanej vody (dalej -
WG).

Antikoagulacny roztok H sa pouziva najma pre vapnité zeminy

a patri medzi aktivne antikoagulacné Cinidla. Antikoagualnt WG
patri medzi ochranné typy [3]. Vzorky boli testované s dvoma
koncentraciami dispergaéného roztoku (15 a 20 ml na liter). Ako
dezintegracné metody boli pouZité:
« mixovanie (30 s, 60 s, 120 s, 5 min, 15 min),
« mletie (60 s),
« varenie (1 h, 2 h),
« ultrazvukové vinenie (120 s, §tyri stupne intenzity 600 - 1200

W.dm~?) kombinované s mixovanim (120 s).

Vyskumna uloha bola orientovana na preukazanie faktu, Ze
rozne metody separacie zfn maju podstatny vplyv na vysledok
celej hustomernej skusky a objasnit ako jednotlivé separacné
metody vplyvaju na jednotlivé mineralne zrna spolu s pésobenim
antikoagulantu. Z tohto doévodu boli pocas skusky odoberané
malé kvapky suspenzie na mikroskopické sklicka (trikrat: po dis-
pergacii cez noc, po separacii a po preosiati), aby sa demonstro-
val vplyv roznych druhov antikoagulantu a metod rozdruzovania.
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5. Test Description.

The samples from two locations were tested in the laboratory
of Geotechnique department, one from Martin (sample 1) and
another one from Liptovskd Ondrasovd (sample 2). Both samples
were obtained from the deposits (from upper layer-surface), where
the raw material (paleogenic calcareous clay shale and neogenic
calcareous clay) is exploited for bricks production. The most fre-
quent minerals are: quartz, calcite, dolomite, pyrite, limonite, illite,
kaolinite, montmorillonite. Sample 1 contains also calcareous tests
of fossils and coal slack. The following procedures were performed.

An appropriate size of natural moist test specimen (about 40 g)
was over-flooded with a dispersing agent solution, stirred manually
several times and allowed to disperse overnight (24 hours). Then
it was separated by various separation methods (mixing with high-
speed stirrer-mixer; vibro-stirring with ultrasonic waving with dis-
integrator UZD-300 - by Belson Levice, boiling and milling with
vibrating mill VM4 - frequency 50 Hz). Later the prepared dis-
persed suspension was sieved through the 0.125 mm sieve and
transferred to a cylinder for a sedimentation test. The results of
hydrometer readings were put into the computer and evaluated by
Soilab software. The determination of the soil particle size distrib-
ution for tested samples and obtained curves represent the results
of the hydrometer test (see Figures 1-4).

The aim of our research activity was to prove that the adding
of various dispersing agent solution and various methods of separa-
tion influence the soil particle separation. On the basis of previous
experiments with a different: dispersing agent, concentration of
dispersing solution, size of specimen, etc., it was decided to use
the following dispersing agents:

« standard used dispersant solution that is, 33g of sodium hexa-
metaphosphate and 7 g of sodium carbonate in distilled water
to make 1 liter (further H),

« water glass solution 18 ml in distilled water to make 1 liter
(further WG).

Dispersant solution H is used especially for calcareous soils
and it belongs to active dispersants. WG is a protective type of dis-
persant [3]. The samples were tested with two strengths of dis-
persant solution (15 and 20 ml per liter). The following separation
methods were used:

« mixing (30 s, 60 s, 120 s, 5 min, 15 min),

« milling (60 s),

« boiling (1 h, 2 h),

« ultrasonic waving (120 s, four rate level 600 - 1200 W.dm %)
combined with mixing (120 s).

The research activity was directed to prove the fact that
various methods of particle separation have substantial influence
on the results of the whole hydrometer test and trace how various
separation methods effect the individual mineral particle together
with a dispersing agent. On this account during the test the small
drop of suspension was transferred onto the object plates (three
times: after disperse overnight, after separation and after sieving)
to demonstrate the influence of various kinds of dispersants and
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Skli¢ka sa pozorovali mikroskopom MEOPTA D v prechadzajucom
svetle pri 160 nasobnom zvacseni (objektovom poli mikroskopu
0,82 mm a rozliSovacej schopnosti 2 um). Vzorky sa testovali aj
na obsah uhlicitanov (hlavne CaCOj;). Vzorka 1 obsahovala 25,476 %
a vzorka 2 obsahovala 29,501 % uhli¢itanovych komponentov.
Z tohto dovodu boli obe vzorky podrobené predpriprave pre pri-
tomnost uhlicitanovej hmoty a vzorka 1 (obsahujiica uhol'ny pigment)
bola testovana a pripravena aj pre pritomnost organickej hmoty.
Kvoli klasifikovaniu typu zeminy podla STN-73 1001 (USCS) sa
vykonali aj skusky na urCenie medze tekutosti a plasticity. Pocas
skusky boli zachované Standardné podmienky a boli sledované
hodnoty teploty a pH.

6. Vysledky

Pre vzorku 1 sa urobilo 17 hustomernych skusok. Vysledky
skuSok su znazornené krivkami zrnitosti zeminy (vid' grafy 1 - 4
a tabulky 2 - 5).

PREHLADY / REVIEWS

methods of separation. The object plates were observed through
a MEOPTA D microscope in crossing light by zooming 160x (object
field of microscope 0.82 mm, distinctive capacity 2 um). The
samples were tested for volume of calcareous compounds (mainly
CaCO;) too. The sample 1 contained 25.476 % and sample 2 con-
tained 29.501 % of calcareous compounds. For that reason both
samples were deferred to pretreatment for calcareous matter and
sample 1 (containing coal slack) was tested and prepared also for
organic matter. The tests for liquid and plastic limits were done to
classify the type of soil by STN-73 1001 (USCS) too. During the
hydrometer test the standard conditions were saved, and the zem-
perature and pH noted.

6. Results

The hydrometer tests in total number of 17 were carried out
for sample 1. The results of the test are presented by curves of the
soil particle size distribution (see Figures 1 - 4 and Tables 2 - 5).

Fine particles Sand particles Gravel particles
Cobbles |B
clay silt fine medium coarse fine medium coarse
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Fig. 1. The curves of the soil particle size distribution for sample 1
Volume of the particles of clay size for single curves Tab. 2
Sample 1 Dispersing agent - water glass (WG), separation method - mixing
Curve number Dispersing agent concentration Time of separation Volume of the particles of clay size
(ml per liter) (sec, min) (%)
301 15 30 sec 15
302 20 30 sec 16
303 15 60 sec 19
304 20 60 sec 23
309 20 5 min 32
310 20 15 min 30
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Prva skupina kriviek pre vzorku 1 reprezentuje antikoagulaéné
¢inidlo vodné sklo a ako separacna metoda bolo pouZzité mixova-
nie. Je zrejmé, Ze zmena koncentracie antikoagulacného roztoku
z 15 na 20 ml nema podstatny vplyv na obsah ilovitych zin (krivky
301, 302, 303, 304), ale predizenie doby mixovania zvySuje obsah
ilovitych zfn zo 16 % na 32 %. Mikroskopické pozorovanie pre
tato skupinu skusok je znazornené na obrazku 1 a 4. Fotografia 1
znazornuje 60 sekundové mixovanie. Tento mikroskopicky pre-
parat bol pouZzity ako Standard pre ostatné. Fotografia 4 zna-
zornuje 15 mintitové mixovanie. Zrna su uplne oddelené. Medzi
5 minutovym a 15 miniitovym mixovanim nie je podstatny rozdiel,
percentualne zastupenie ilovitych Castic je 32 % a 30 %.

KOMNIKOCIe

C O MMUNICATION:S

The first group of curves for sample 1 represents dispersing
agent water glass and the mixing was used as a separation method.
It is obvious that the change of a dispersant concentration from
15 to 20 ml doesn’t essentially affect the volume of clay particles
(the curves 301, 302, 303, 304), but the extension of the mixing
increases the clay particle volume from 16 % to 32 %. The micro-
scope observation for this group of tests is presented on the Photos
1 and 4. Photo 1 represents a 60 seconds mixing. This microscopic
preparation was used as standard for others. Photo 4 represents
a 15 minutes mixing. The particles are completely separated. There
is no substantial difference between 5 minutes and 15 minutes
mixing, the percent volume of the clay particle is 32 and 30 %.
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Fig. 2. The curves of the soil particle size distribution for sample 1.
Volume of the particles of clay size for single curves Tab. 3

Separation method - boiling (BOI), milling (MIL)

Sample 1 Dispersing agent - water glass (WG) and hexametaphosphate (H),

Curve number Dispersing agent concentration Time of separation Volume of the particles of clay size
(ml per liter) (sec, hours) (%)
305 15 WG 2 hours BOI 13
306 20 WG 2 hours BOI 15
307 15 WG 60 sec MIL 17
308 I5H 60 sec MIL 26

Druha skupina kriviek reprezentuje separacné metody varenie
a mletie. Pri vareni koncentracia dispergacného roztoku nie je
dolezita (13 % a 15 % ilovitych zin). Narast obsahu ilovitych ¢astic
z 15 % pri pouZziti WG na 26 % pri pouZziti H je zjavny pri mleti.
Tento fakt moze byt zapriCineny priliSnym rozdrvenim niektorych
mineralov alebo roznym ucinkom dvoch typov antikoagulantov.

The second group of curves represents boiling and milling as
separation methods. Concentration of dispersing agent is not
important with boiling (13 % and 15%). The increase of the clay
particle volume from 17 % by using WG to 26 % by using H is clear
with milling. This fact could be caused by too much crushing of
some minerals particles, or by different actions of two types of dis-
persing agents.
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Fig. 3. The curves of the soil particle size distribution for sample 1.
Volume of the particles of clay size for single curves Tab. 4

Pretreatment with H,0, and HCI

Sample 1 Dispersing agent - water glass (WG) and hexametaphosphate (H),
Separation method - mixing (MIX), ultrasonic waving (intensity - 12,13,I4) with mixing (SS/MIX)

Curve number Pretreatment with HCI Dispersing agent concentration Time of separation Volume of the particles of
with H,0, (ml per liter) (sec, min) clay size (%)
304 - 20 WG 60 sec MIX 24
311 H,0, 20 WG 60 sec MIX 23
312 HCI 20 WG 60 sec MIX 7
313 - 20H 2 min 12 SS/ 2 min MIX 32
314 - 20H 2 min I3 SS/2 min MIX 30
315 - 20H 2 min 14 SS/2 min MIX 37

Pri krivke 312 je vidite[ny znacny ubytok castic pod 0,002 mm
z23 % na7 %. Je to vysledok rozpustenia uhli¢itanovych mineralov,
napr. kalcitu, dolomitu atd. Krivka 311 znazornuje test s predpri-
pravou s H,0,. Tento sposob predpripravy prili§ neovplyvnil vysle-
dok skusky. Skuska bez predpripravy, ktoru znazornuje krivka 304
bola vykonana kvoli porovnaniu vplyvu chemickej predpripravy.
Krivky Cislo 313, 314, a 315 reprezentuju pouzitie separacnej metody
ultrazvukového vinenia a mixovania. Vplyv intenzity vinenia nebol
preukazany. V tomto pripade sa obsah ilovitych Castic pohybuje
od 30 % do 37 %. Ultrazvukovy pristroj bol zrejme nepresny, alebo
tato kombinovana metdda rozdruzovania nie je vhodna.

Vsetky testy (pre vzorku 1) klasifikuji typ zeminy (podla STN
73 1001) ako il s vysokou plasticitou F8 CH a krivky nadobudaju pri-
blizne podobny tvar, ale percentualny obsah ilovitej frakcie kolise od
7 % do 37 %. Krivka 312 vyzera dost odliSne. V tomto pripade bola
vzorka podrobena predpriprave pre pritomnost uhli¢itanov. Obsah
ilovitych castic je tu len 7 %. Mikroskopicka kontrola ukazuje

The massive loss of the particles of size under 0.002 mm from
23 to 7 % is visible at curve 312. That is the result of the resolution
of the calcareous minerals e.g. calcite, dolomite etc. The curve 311
illustrates the test with pretreatment with H,0,. This type of the
pretreatment did not affect the test so much. The test without pre-
treatment represented by curve 304 was performed to compare
the effect of chemical pretreatment. The curves number 313, 314,
315 present the usage of ultrasonic waving with mixing as a sepa-
ration method. The influence of the waving intensity was not doc-
umented. The percent volume of clay particles varies from 30 to
37 %. The ultrasonic instrument seems to be uncertain, or this
combination method of separation is not suitable.

All the tests (for sample 1) classify (by STN 73 1001) the soil
type as clay with high plasticity F§ CH and the curves take com-
paratively similar form, but the per-cent volume of the clay particle
size fluctuate from 7 to 37 %. Test 312 seems to be quite different.
In this case the sample was deferred to pretreatment for calcare-
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zmeny vo farebnosti a mnozstve pozorovanych zin (pozri fotogra-
Napriek tomu, Ze chemicka predpriprava vazne ovplyviuje test,
v mnohych pripadoch (priepustnost, filtratna stabilita zemin
a pod.) je potrebna a mali by sa vykonat dva paralelné testy, s pred-
pripravou a bez nej. Podobné vysledky vykazuju testy 301, 302,
305, 306, 307 (okolo 15 % ilovitej frakcie) pri pouziti WG ako
antikoagulantu a 30 sekundového mixovania, dvoch hodin varenia
a 60 sekundového mletia. Mikroskopické pozorovanie neukazuje
zavazné zmeny (pozri fotografie 5, 6). Rozdiel je viditelny medzi
vzorkou pred a po preosiati (zrna su po preosiati lepSie oddelené).
Druhu skupinu podobnych kriviek (20-26 % ilovitej frakcie) repre-
zentuju testy 303, 304, 308 a 311 pri pouziti WG a 60 sekundo-
vého mixovania; H a 60 sekundového mletia; WG a predpripravy
s H,0, a 60 sekundového mixovania. Mikroskopické pozorovanie
dava podobné vysledky ako v predchadzajucich pripadoch. Pred-
priprava z dovodu pritomnosti organickej hmoty velmi neovplyv-
nuje vysledok testu (pozri graf 3). Av§ak rozdrvené zrna uhol'ného
pigmentu sa od ostatnych zfn dost liSia (napr. niZSou hustotou
a pevnostou). Poslednu skupinu reprezentuju krivky 309, 310, 313,
314, 315, 316, 317 (28-37 % ilovitej frakcie). V tychto pripadoch
bolo pouzité¢ mixovanie trvajice 5 a 15 minut a kombinacia ultra-
zvuku a 120 sekundového mixovania. Mikroskopické pozorovanie
vykazuje slaby pokles obsahu vééSich Castic a lepSie oddelenie
vSetkych zfn (pozri fotografiu 4).
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ous matter. The volume of the clay particles is only 7 % there.
Microscope checking shows changes in color and amount of
observed particles (see Photo 3). Minerals, which are soluble in
HCI were, of course, lost. No matter how serious effect the chem-
ical pretreatment has, in many cases (permeability, filtration sta-
bility of the soils etc.) is necessary, and parallel tests should be
carried out without and with pretreatment. The tests 301, 302, 305,
306, 307 (about 15 % clay particles) give similar results by using
WG as dispersing agent and mixing 30 s, boiling 2 h and milling
60 s. Microscope observation does not show significant changes
(see Photos 5, 6). The divergence is visible between the sample
before and after sieving (the particles are better discrete after
sieving). A second group of similar curves (20-26 % clay particles)
represents the tests 303, 304, 308 and 311 by using WG and 60 s
mixing; H and 60 s milling; WG and H,O, pretreatment and
60s mixing. The microscope observation gives results similar to
the previous case. The pretreatment for organic matter does not
seem to have big effect on the test results (see Figure 3). But the
coal slack particles are quite distinct from other mineral elements
(e.g. lower density and resistance). The last group is represented
by curves 309, 310, 313, 314, 315, 316, 317 (28-37 % clay particles).
The mixing continued 5 and 15 minutes, and combination of ultra-
sonic vibro-stirring and 120s mixing was used in these cases. Micro-
scope observation shows the slight fall of larger size particles and
a better separation of all the particles (see Photo 4).

Photo 1. The standard microscopic preparation
- WG, 60 seconds mixing.

Photo 2. The microscopic preparation - WG,
H,0, pretreatment, 60 seconds mixing.

Photo 3. The microscopic preparation - WG,
HCI pretreatment, 60 seconds mixing

Photo 4. The microscopic preparation
- WG, 15 minutes mixing.

Photo 5. The microscopic preparation
- WG, 2 hours boiling.

Photo 6. The microscopic preparation
- WG, 60 seconds milling.
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Pre vzorku 2 bolo urobenych 22 testov. Vysledky st porovna-

tel'né s vysledkami pre vzorku 1.

PREHLADY / REVIEWS

For sample 2 the hydrometer tests in total number of 22 were

done. The results are comparable to results of samplel.
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Fig. 4. The curves of the soil particle size distribution for sample 2

Volume of the particles of clay size for single curves

Tab. 5

Sample 2 Dispersing agent - water glass (WG), hexametaphosphate (H); Separation method - mixing, boiling

Curve number Dispersing agent concentration Time of separation Volume of the particles of clay size

(ml per liter) (sec, min) (%)

102 20H 30 sec MIX 2

108 20 WG 30 sec MIX 9

104 20 H 60 sec MIX 15

110 20 WG 60 sec MIX 14

106 20H 1 hour BOI 0

112 20 WG 2 hours BOI 12

Tak, ako pri vzorke 1, podobné vysledky boli dokdzané i pre
vzorku 2 pri krivkach 104 a 110, naopak krivky 102 a 108 st rozne
(2 % a9 % ilovitej frakcie). To dokumentuje, Ze mixovanie trvajiice
30 sekund je ako separacna metoda nepostacujuce. Krivka 106
demonstruje, Ze hodinové varenie suspenzie je prili§ kratke na
separaciu, krivka je uplne zla.

Ostatné krivky pre vzorku 2 boli podobné ako krivky pre
vzorku 1. To je dovod, preco nie su uvedené v tomto Clanku.
Vsetky skusky (pre vzorku 2) klasifikuji (podla STN-73 1001) typ
zeminy ako il so strednou plasticitou F6 CI. Percentudlny obsah ilo-
vitej frakcie sa pohybuje od 0 do 36 %.

7. Zhrnutie

V zhrnuti mézu byt nacrtnuté tieto zavery:

Similar results were proved for sample 2 in the case of curves
104 and 110 as well as in the case of results for sample 1. By con-
trast the curves 102 and 108 are different (2 and 9 % clay particles).
It manifests that the mixing as separation method in duration of
30 seconds is insufficient. The curve number 106 demonstrates
that an hours boiling of the suspension is too short for separation,
the curve is quite bad.

Other curves for sample 2 were similar to the curves for
sample 1. That is why they are not presented in this article. All the
tests (for sample 2) classify (by STN-73 1001) the soil type as clay
with middle plasticity F6 CI. The percent volume of the clay parti-
cle size fluctuates from 0 to 36 %.

7. Conclusions

To sum up, the following conclusions can be drawn:
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o rozne metody rozdruZovania zin maji podstatny vplyv na vysledky
hustomernej skusky, hlavne na mnozZstvo ilovitych castic.

o wplyv chemickej predpripravy v pripade uhli¢itanovej hmoty bol
preukazany, ale v opodstatnenych pripadoch by mala byt tato
predpriprava napriek tomu vykonana, napr.: pri ur€ovani vhod-
nosti zeminy pre zeminovy filter pre skladky, naopak agregatovu
Struktiru je vhodné zachovat v pripade stanovovania Smykovej
pevnosti zemin. Predpriprava v pripade organickej hmoty nemd
velky vplyv (oxidacia trvala asi 1,5 dna) na vysledok testu.

o mikroskopické pozorovanie neukazuje masivny iibytok vacsich zin
alebo viditel'ny narast obsahu malych Castic pri pouZziti alterna-
tivnych metod separacie, dokonca ani v pripade 15 miniitového
mixovania (tato doba je navrhovana K. H. Headom v Manual of
soil laboratory testing [2]) Castice uholnej drviny s nizkou pev-
nostou nie su prili§ porusené, tento efekt bol viditelny len po
mleti.

» ako problematickd cast stanovenia sa javi mikroskopické pozoro-
vanie; pri rozliSovacej schopnosti 2 um je idealne pozorovanie
nemozné. Z tohto dévodu boli pozorované a pocitané zrna vo
velkosti 5,5 um a 2,525 um.

o kvoli statistickému vyhodnoteniu je potrebné vykonat vdicsi pocet
testov.

Z vysledkov testov vyplyva, Ze spravna priprava vzorky zeminy
pre hustomernu skusku je velmi délezita. Vhodny typ antikoagu-
lantu a jeho davkovanie je mozné vybrat na zaklade predoslych
skusenosti. Pouzitie réznych metod rozdruzZovania sa zda byt kom-
plikovanejsie. Skusky ukazuju, ze mixovanie po dobu 60 sekind az
5 minut je najvhodnejSia separacna metoda pre tento typ zeminy.
Optimalny ¢as mixovania su dve minuty. Vyhodou tejto metody je
aj jej jednoduchost. Dezintegracia pomocou varenia a mletia sa
zda byt nevhodna. Dve hodiny varenia su prili§ dlhé a neefektivne
a mletie moze poskodit zrna s nizSou pevnostou (pozri fotografiu
6). Vysledky pri pouziti kombinacie mixovania a posobenia ultra-
zvuku nie su jednoznacné. Mohli byt spdsobené chybou pri-
stroja. Samozrejme, pri uréovani zrnitosti zeminy je mozné pouzif
i moderné pristroje. Laserovy analyzator vel'kosti zfn alebo foto-
sedimentacny pristroj su tiez pouzitelné. Vyhodou tychto metod
je ich jednoduchost a doba realizacie a nevyhodou je hlavne malé
mnozstvo vzorky (vzorka nie je reprezentativna) [4]. Preto je
v sucasnosti pouzitie hustomernej skusky v naSej laboratérnej
praxi najrozSirenejSie. Na zaklade predchadzajucich zaverov a bertic
na vedomie vyskumné aktivity znamych autorov sa zda, ze zjedno-
tenie laboratornych skiisok a vypracovanie normy pre urcovanie zrni-
tosti zeminy bude v buducnosti nevyhnutné.
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« Various methods of particle separation have substantial influence
on the results of a hydrometer test, mainly on the mass of clay
particles.

o The effect of pretreatment for calcareous matter in case of calca-
reous soil was proved, but this type of pretreatment should be
done in relevant matter e.g: applicability of the soil filter for the
dumps, by contrast the conservation of soil aggregate structure
is desirable in the case of assessment of shear strength of soil.
Pretreatment for organic matter did not show big influence (the
oxidation came off about 1.5 day) on the test results.

» Microscopic observation did not show massive reduction of larger
particles or visible increase of the small particles volume by using
alternative methods of separation, even in the case of 15 min
mixing (this time is suggested by K.H. Head in Manual of soil
laboratory testing [2]) the particles of coal slack with lower resis-
tance were not broken too much, this effect was visible only
after milling.

» Problematic part of the assessment seems to be microscopic obser-
vation; by distinctive capacity 2 um the ideal observation is impo-
ssible. For that reason the particles of size 5.5 wm and 2.525 um
were observed and counted.

o A larger number of the tests is necessary for statistic evaluation.

The results of the tests show the fact that the correct prepa-
ration of the soil specimen for a hydrometer test is very important.
A suitable type of dispersing agent and its dosing can be chosen
for various types of soils on the basis of previous experiences. The
use of different separation methods seems to be more complicated.
The tests showed that 60 seconds - 5 minutes mixing is the most
suitable method for this type of soil. The optimal time of mixing
is 2 minutes. The advantage of this method is its simplicity. Dis-
integration through boiling and milling does not seem to be con-
venient. Two hours boiling is too long and not effective and milling
can damage the particles of low resistance (see Photo 6). The results
of the combining mixing and ultrasonic waving are not clear. They
could be incurred by on apparatus disorder. Of course, the test for
assessment of the soil particle distribution can be carried out with
the help of more modern instrumentation. The laser analyzer of
the particles sizes, or photo settling apparatus could be used too.
The advantages of these methods are simplicity and rate of real-
ization and main disadvantage is the very small amount of speci-
men (the specimen is not representative) [4]. Therefore the use of
hydrometer test is a dominant method in our laboratory praxis at
present. On the basis of foregoing conclusions and mind the
research activities of the known authors the unification of soil labo-
ratory testing and elaborating of standard for assessment of the par-
ticle soil distribution seems to be inevitable in future.
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