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DIAGNOSTIKA DEFORMACNYCH VLASTNOSTI

ZRNITYCH MATERIALOV

DIAGNOSTICS OF THE DEFORMATION PROPERTIES OF GRAINED MATERIALS

V oblasti spodnej stavby liniovych a pozemnych stavebnych diel
maji v rdmci materidlovej zdkladne vyrazné zastupenie prirodné
zrnité materialy. Pri nadstandardnej ponuke doddvatelov tychto mate-
ridlov je potrebné stanovit hlavne ich moznosti aplikdcii do konstrukcie
dopravnej cesty. Posiidenie vhodnosti pouZitia prirodnych zrnitych
materidlov je mozné v laboratornych podmienkach na zdklade ziste-
nia ich deformacnych vlastnosti a ich diagnostiky. V prispevku je cha-
rakterizovany metodicky postup aplikovatelny pre komplexné posii-
denie vhodnosti roznych materidlov pouzitelnych do konstrukcnych
vrstiev dopravnej cesty alebo ako diagnostika stavebného diela pred
Jjeho uvedenim do prevadzky. Aplikdciou tohto postupu sa moéZe posudit
nielen kvalita doddvanych materidlov pre realizdciu stavebného diela
ako zdkladného predpokladu kvality celej konstrukcie dopravnej
cesty, ale pre doddvatelov tychto materidlov je moznost dokladovat
ich kvalitu pri svojej trhovej ponuke v rdmci konkurzného konania.

1. Uvod

Kvalita stavebného diela pri uvedeni do prevadzky je podmie-
nena komplexnym prieskumom lokality diela, bezpe¢nym navrhom
a dimenzovanim konStrukcie diela, dodrzanim vsetkych technolo-
gickych zasad pri realizacii diela ako aj nekompromisnou diag-
nostikou diela pred uvedenim do prevadzky.

Velmi doélezitym predpokladom, ovplyviaujicim dimenzova-
nie a sucasne aj realizaciu stavebného diela je kvalita dodavanych
materialov k realizacii stavebného diela. Tento predpoklad a uspech
dodavatela na trhu s materialmi ako vyrobkami vedie ku skutoc-
nosti, Ze pruzni dodavatelia materidlov dokladuju v ramci svojej
trhovej ponuky okrem protokolov o kvalite vyrobku tieZ moznosti,
a tym vhodnosti aplikacie tychto vyrobkov pri dodrzani kvality
konstrukcie, ktorej suc¢astou bude dodavany material.

V oblasti spodnej stavby liniovych a pozemnych stavebnych
diel maju v ramci materialovej zakladne vyrazné zastupenie pri-
rodné zrnité materialy. Nadstandardna ponuka dodavatelov tychto
materialov obsahuje hlavne moznosti aplikacii podla deformac-
nych vlastnosti materialov na zaklade diagnostiky v laborator-
nych podmienkach.

In the field of substructure of line and ground building works,
natural grained materials have considerable representation in the
material basis. During the exclusive offer of these materials suppliers,
it is necessary to determine the possibilities of material use into
traffic-way structure. The suitability of using natural-grained materials
can be judged in laboratory conditions. In the paper a method is cha-
racterised to be applicable for the complex judgement of various
material use in construction layers of the traffic way or for diagnos-
tics of the building works before their opening. Material suppliers can
document the quality of the supplied material as a basic presumption
of the whole traffic works, which can be judged not only with this
method application but also in its marked offer documentation.

1. Introduction

The performance quality of building works is conditional on
a complex locality investigation, an unfailing opinion and struc-
ture dimensioning, a keeping in all the technology principles and
on uncompromising diagnostics of the works before its opening.

The quality of supplied materials is a very important presump-
tion to influence the dimensioning as well as the building works
realisation. The supplier success in the material market assumes
to offer not only the protocols concerning to the product quality
but also application possibilities and suitability of these products
(materials) and so a structure quality, which components are
supplied.

Concerning to the material basis, natural-grained material has
considerable representation in the substructure of line and ground-
building works. An exclusive offer of the material suppliers conta-
ins mainly application possibilities based on deformation properties
of the material found out in the laboratory conditions.

2. Complex methodical procedure

Complex diagnostics of deformation properties of the grained
material is in finding the following properties out:
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2. Komplexny metodicky postup

Komplexna diagnostika deformaénych vlastnosti zrnitych mate-
rialov pozostava zo zistovania nasledovnych vlastnosti:
 minimédlna objemova hmotnost p,,,;,,
 maximalna objemova hmotnost ..

« objemova hmotnost po zhutneni v prirodzenom stave p,

» objemova hmotnost po zhutneni vo vysuSenom stave p,,

« relativna ulahlost /),

« vlhkost w,

« metrické poklesy A,

 Unosnost, prezentovana statickym modulom deformacie E,
(v urovni zemnej plane) a E, (v urovni konstrukénej vrstvy),

« narast Unosnosti n; vo vztahu k zemnej plani.

Pre zabezpecenie zistenia vSetkych vysSie uvedenych defor-
macnych vlastnosti bol spracovany celkovy postup rieSenia:

1. zostavenie skuSobného stendu,

2. stanovenie minimalnej a maximalnej objemovej hmotnosti mate-
rialu jednotlivych skusobnych vzoriek - laboratorna skuska,

3. stanovenie Unosnosti zemnej plane pred kazdou skisobnou
vzorkou materialu - staticka zatazovacia skuska,

4. stanovenie metrickych poklesov podkladovej vrstvy ako trvalej
deformacie materialu jednotlivych skiSobnych vzoriek po zhut-
neni - technicka nivelacia,

5. stanovenie Unosnosti celej konsStrukcie (zemna plan + pod-
kladova vrstva) pre jednotlivé skusobné vzorky - staticka zata-
Zovacia skuska,

6. stanovenie objemovych hmotnosti materialu podkladovej vrstvy
(v prirodzenom a vo vysuSenom stave) a vlhkosti pre jednot-
livé skuSobné vzorky - laboratérna skuska,

7. stanovenie miery zhutnenia a narastu unosnosti materialu
podkladovej vrstvy pre jednotlivé skusobné vzorky - vypocet na
zaklade vysledkov predchadzajucich deformacnych vlastnosti.

3. Skisobny stend

Na realizaciu komplexnej diagnostiky deformac¢nych vlastnosti
zrnitych materialov sa vybudoval skusobny stend, ktory pozostava
z dvoch hlavnych Casti:

« zo skuSobného zariadenia a
« konStrukénych vrstiev zZelezni¢ného spodku v M 1:1.

Skusobné zariadenie Katedra Zelezni¢ného stavitelstva a tra-
tového hospodarstva tvoria skruze J 0,80 m, ktorych vyska je
konstantna - 0,300 m (okrem dna - 0,240 m). Jednotlivé skruze
sa nasunu na seba do stanovenej vysky. Celé skusobné zariadenie je
osadené vo vrstve piesku z dovodu celkove;j stabilizacie zariadenia
a tlmenia vibracii pri hutneni materialov.

Do sktiSobného zariadenia sa postupne hutni material, ktory
svojimi vlastnostami a konstrukénym usporiadanim modeluje kon-
Strukcia Zelezni€ného spodku.

Najskor je hutnena zemina, ktora v skuSobnom zariadeni simu-
luje zemnu plan. Celkova konsStrukéna hribka nahutnenej zeminy
je 0,840 m. V désledku erozivnej ¢innosti hutnenia podkladovych
vrstiev skusobnych materialov je nutné povrch zemnej plane pra-
videlne kontrolovat.
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+ minimal volume mass p,; .,

+ maximal volume mass p; ;.

« volume mass after compaction in the natural condition p,

« volume mass after compaction in the drain condition p,,

« relative depression 7,

« moisture w,

+ metric depressions A,

« bearing capacity, presented with static deformation modulus £,
(in the subgrade surface) and E, (in the structure layer),

« bearing capacity grow ny in the relation to the subgrade surface.

To find out all above deformation properties, the whole pro-
cedure has been prepared:

1. building up the experimental stand,

2. determination of the minimal and maximal volume mass of
the material of a particular sample - laboratory test,

3. determination of the surface subgrade bearing capacity before
the each sample - static loading test,

4. determination of the metric depressions of the subbase layer
after compaction, as the permanent material deformation for
the particular samples - technical levelling,

5. determination of the bearing capacity of the whole structure
(subgrade surface + subbase layer) for the particular samples
- static loading test,

6. determination of volume mass of the subbase layer material
(in the natural and drain condition) and moisture for the par-
ticular samples - laboratory test,

7. determination of the compaction degree and bearing capacity
grow of the subbase layer for the particular samples - calcu-
lation according to the above deformation properties.

3. Experimental stand

For the complex diagnostics of grained materials deformation
properties it needs to build the experimental stand that contains
two main parts:

« an experimental facility,
« model of substructure layers in scale 1:1.

The experimental facility of the Department of Railway Engi-
neering and Track Management are cylindrical segments & 0.80 m
with equal height 0.300 m (besides the bottom - 0.240 m). Parti-
cular segments are put upon themselves to the defined height. The
whole facility is placed into stand to stabilise and dampen the
vibration during material compaction.

Material models the substructure with its properties and con-
struction and is gradually compacted into the experimental faci-
lity.

Firstly, soil that simulates the subgrade surface is compacted.
The whole construction thickness of compacted soil is 0.840m. In
consequence of erosive activity of the subbase layers compaction,
it is necessary to regularly control the subgrade surface.
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Na konstrukénu vrstvu zemnej plane su postupne hutnené
jednotlivé skuSobné materialy konStrukénej hrubky 0,300 m. Dav-
kovanie a hutnenie tychto materialov do nadstavbovej Casti sku-
Sobného zariadenia (tretia skruz) je realizované na dvakrat po
vrstvach hrubky 0,150 m pomocou vibra¢ného hutniaceho zaria-
denia celkovej hmotnosti 128 kg, ktoré sa sklada z kruhovej dosky
priemeru 0,760 m a samotného vibratora (obr. 1).

Celkovy pohlad na skusobny stend a jeho lokalizaciu na dia-
gnostickom pracovisku je na obr. 2.

4. Metodické postupy zistovania deformaénych
vlastnosti

Minimdlna a maximdlna objemovd hmotnost

Skusky minimalnej a maximalnej objemovej hmotnosti su re-
alizované podla STN 72 1018 ,Laboratdrne stanovenie relativnej
ulahlosti nesudrznych zemin®.

Obr. 1. Manipuldcia s hutniacim zariadenim pred hutnenim hornej
vrstvy skuisobnej vzorky podkladnej vrstvy
Fig. 1. Compaction machine before the upper layer compaction of
subbase layer sample

Trvala deformdcia po zhutneni - technickd niveldcia

Trvala deformacia po zhutneni je zistovana formou metrickych
poklesov, a to aplikaciou technickej nivelacie (nivelacny pristroj
s kompenzatorom a nivelacna lata s presnostou Citania 1 mm).

The particular samples of thickness 0.300m are gradually
compacted upon the subgrade surface. The material dosing and
compaction is inserted in two layers of thickness 0.150 m into the
stand superstructure (the third segment), with vibration compac-
tion machine of the whole mass 128 kg. It consists in the circle
board (0.760m and a separate vibrator (Figure 1).

The whole view on the experimental stand and its localisation
in the diagnostic laboratory is in the Figure 2.

4. Methodical procedures of finding the deformation
properties out

Minimal and maximal volume mass

The tests of minimal and maximal volume mass are realised
according to the standard STN 721018 “Determination of a rela-
tive depression of incoherent soils in laboratory”

Obr. 2. Celkovy pohlad na skiisobny stend
Fig. 2. The whole view to the experimental stand

Permanent deformation after compaction - technical levelling

Metric depressions represent the permanent deformation after
compaction and are found with technical levelling out (compen-
satory level and dot with the reading accuracy 1 mm).
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Vzhladom na to, Ze je nutné re§pektovat praktické podmienky
realizacie hutnenia (hutnenie kazdej skusobnej vzorky po vrstvach
0,150 m), je trvala deformacia zistovana v dvoch krokoch vzdy po
prvom a druhom hutneni. Pre potrebu merania je na skisobnom
zariadeni vytvorené geometrické bodové pole so 4 vztaznymi bodmi.

Do stendu je postupne budovana a urovnavana prva vrstva
materialu hrubky 0,150 m a nasledne realizované pocCiato¢né
meranie vySky /1, vo vietkych vztaznych bodoch. Hutnenie mate-
rialu je aplikované v 30 sek. intervaloch, pricom hutniaci cyklus je
ukonceny, ked pokles ¢itania v kazdom vztaznom bode nedosa-
huje hodnotu vaésiu ako 1 mm. Celkovy Cas hutnenia prvej vrstvy,
ako aj konecné vysky /i, st zaevidované do skuisobného proto-
kolu. Rozdielom vySok /p; a hy, su urCené metrické poklesy vo
vsetkych vztaznych bodoch ako aj priemerny metricky pokles
prvej vrstvy materialu vzorky A, ;.

Rovnakym sposobom je nasledne realizovany aj druhy krok
merania trvalych deformacii, priCom st evidované hodnoty vySok
hpy a hy, asuuréené metrické poklesy A, ,. Vysledné metrické
poklesy A, kazdej skusobnej vzorky st stanovené suctom metric-
kych poklesov prvého a druhého kroku merania.

Unosnost - statickd zatazovacia skiiska

Pre zistenie unosnosti zemnej plane pred aplikaciou materialu
kazdej skusobnej vzorky, ako aj vyslednej konstrukcie po aplikacii
a zhutneni materialu kazdej skiSobnej vzorky, su realizované sta-
tické zatazovacie skusky, ktorych cielom je zistenie ,relativneho
modulu deformdcie zemnej plane E, a ,relativneho“ ekvivalent-
ného modulu jednotlivych konstrukcii spodne;j stavby E,.

Statické zatazovacie skusky su realizované v sulade s predpi-
som S4 , Zelezniény spodok®, priloha 20, pomocou tuhej kruhovej
zafazovacej dosky & 0,30 m. K vyvodeniu pozadovaného tlaku
(0,20 MPa) na tuhu zafazovaciu dosku sa pouziva ru¢né hydrau-
lické cerpadlo fy ENERPAQ P 142 USA a ako protizataz je vyuzity
I-profil osadeny v strope. Snimanie sily je zabezpefené hydraulic-
kou zostavou ENERPAQ, kde inStalovany manometer BGF-168
SR indikuje tlak pod zatazovacou doskou.

Vertikalny pohyb zataZovacej dosky pri postupnom zatazo-
vani, resp. odlahcovani je snimany v 3 miestach pomocou digital-
nych snimacov drahy IDU25 fy MITUTOYO Japan s rozsahom
do = 25 mm, ktoré st lokalizované na nezavislom rame.

Staticka zatazovacia skuska je realizovana v strede skiSobného
stendu v dvoch zatazovacich cykloch a vyhodnotena pomocou
v§eobecného vzfahu

LS-p-r
E,(E)=—"—
y

[MPa] (D
kde: p - merny tlak na dosku v MPa,
r - polomer zatazovacej dosky v m,
y - celkové priemerné zatlaCenie zafaZovacej dosky v m
zistené pri druhom zataZzovacom cykle.

Nakol'ko staticka zatazovacia skuska je realizovana v dvoch
zatazovacich cykloch, siicasne je urCovana miera zhutnenia, resp.
zhutnitel nost materialov jednotlivych skusobnych vzoriek pri danej
vlhkosti. Pri vypocte miery zhutnenia (M,) sa postupuje v sulade
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With respect to the compaction process (compacting each
sample in layers 0.150 m), permanent deformation is taken in two
steps after first and second compaction. Four reference points
(geometric reference system) are made at experimental stand.

The first material layer of thickness 0.150 m, is gradually put
into the stand and the first measurement of height /p, of all
points follows up all points. The compaction runs in 30-second
intervals, and it finishes when the difference of a reading value in
each reference point does not reach Imm. The whole compaction
time of the first layer and the final heights /4, are written to the
test protocol. The height differences between /p; and /g, define
the metric depressions in all reference points and the average
metric depression of the first layer of the sample A, ;.

The second step of deformation measurement runs the same
way. Heights /p, and Ay, are measured and metric depressions
A, are calculated. The final metric depressions A, of each
sample are defined as a sum of metric depressions of both mea-
surement steps.

Bearing capacity - static loading test

Static loading tests are realised before application of the mate-
rial of each sample and after compaction of the final structure of
each sample to determine the bearing capacity of subbase surface.
The aim of these tests is to determine relative modulus of sub-
grade surface deformation £, and relative equivalent modulus of
particular layers of the substructure E,.

The static loading tests are in keeping with regulation S4
“Railway substructure”, Appendix 20. Manual hydraulic pump
ENERPAQ P142 USA is used to make the requisite pressure (0.20
MPa) upon to the stiff circle board ¢ 0.30m. Anti-loading is done
via ceiling I-profile. Hydraulic machine ENERPAQ with built in
manometer BGF-168 indicates the pressure under loading board.

Digital feelers IDU25 (firm MITUTOYO) with the range
+ 25 mm are placed at independent frame and scan the vertical
movement of the loading board in three points during loading or
during relief.

Static loading test is running in the middle of the stand in two
loading cycles, and it is calculated according to the equation:

1L.S5-p-r
Ey(E,)=—"

[MPa] (@Y
where: p - specific pressure upon the board in MPa,
r - radius of the loading board in m,
y - the whole average depression of the loading board in m
that was found out in the second loading cycle.

Because the static loading test runs in two cycles, the com-
paction degree, (respectively, the materials of particular samples
possibility to compact in real moisture) is determined at the same
time. The compaction degree is calculated in conformity with the
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s STN 72 1006 ,Kontrola zhutnenia zemin a sypanin®, priCom su
pouzité nasledovné vseobecné vztahy:

Ejerr

M,= [MPa] 2)

def1

pricom

Edej:z(l —vz)-r-m'—p [MPa] 3)

2 Ah
kde: E,,, - modul deforméacie v MPa,
v - Poissonove ¢islo (hodnota stanovena podla zloZenia
sypaniny - 0,20),
m - sucinitel tvaru dosky (pre kruhovu dosku 0,785),
r - polomer zatazovacej dosky v m,
Ap - zmena kontaktného napétia v MPa,
Ah - zmena sadnutia dosky pri zmene napitia v m.

Objemovd hmotnost a vihkost po zhutneni

Po vykonani statickej zatazovacej skuisky je nasledne u mate-
rialu kazdej skiiSobnej vzorky zistovana jeho objemova hmotnost
a vlhkost pri jeho zabudovani do skiSobného zariadenia. Objemova
hmotnost je zistovana v sulade s STN 721010 ,Stanovenie obje-
movej hmotnosti zemin. Laboratorne a polné metody“ a vihkost
materialu podla STN 72 1012 ,Laboratorne stanovenie vlhkosti
zemin®.

Vzorka testovaného materialu na zistovanie obidvoch vlast-
nosti je odoberana minimalne z dvoch miest v skuSobnej skruzi
pomocou tzv. jamkovej metody.

Miera zhutnenia a ndrast unosnosti

Na zaklade stanovenych hodndt maximalnej a minimalnej
objemovej hmotnosti jednotlivych skusanych materialov ako aj ich
objemovych hmotnosti je potom mozné pre skiisobné vzorky vypoc-
tom urcit hodnotu miery zhutnenia prostrednictvom relativnej ulah-
losti I, (podla STN 72 1018) na zaklade vSeobecného vztahu

_ pd,max (pd - pd,min)
pd(pd,max - pd,min)

kde: p, - objemova hmotnost suchej zeminy v kg.m >,
3

Pdmax — Maximélna objemova hmotnost zeminy v kg.m ~,

Pamin - Minimalna objemova hmotnost zeminy v kg.m 3.

I, 2100 [%] 4)

Na zaklade stanovenych hodnot ,relativneho” modulu defor-
macie zemnej plane E, a ,relativneho” ekvivalentného modulu
jednotlivych konstrukcii spodnej stavby E, je mozné pre vSetky
materialy skuSobnych vzoriek vypoctom stanovit hodnoty narastu
unosnosti 7 podla vztahu

E,
np =100 =100 [%] )
0

5. Hodnotenie deformacnej kvality

Pre kazdy skusany material je vystaveny hodnotiaci protokol,
ktory deklaruje dosiahnutt kvalitu materialu v oblasti deformac-
nych vlastnosti. Priklad protokolu je na obr. 3.

regulation STN 721006 “Control of soils and sprinkled material
compaction” according to the following equations:

E
M = def2

o

Eon [MPa] (2)

where

Epy=— (1= v -r-m-—  [MPa] 3

2 Ah
where: E,,, - modulus of deformation in MPa,
v - Poisson number (value determined according to the
sprinkled material contain - 0.20),
m - coefficient of the board shape (for the circle board
is 0.785),
r - radius of the loading board in m,
Ap - the contact tension exchange in MPa,
Al - exchange of the board depression during tension
exchange in m.

Volume mass and moisture after compaction

After the static loading test volume mass and moisture of the
material of each sample is found out. Volume mass is determined
in conformity with regulation STN 721010 “Determination of
soils volume mass. Laboratory and in situ methods” and material
moisture according to the STN 721012 “Soils moisture determi-
nation in laboratory”.

The tested material is taken off from two places of the tested
cylindrical segment with “hole method”.

Compaction degree and bearing capacity grow

On the determined values of maximal and minimal volume
mass like volume mass of the particular tested material, the com-
paction degree is calculated through the relative depression 7,
(STN 721018) according to the following:

— pd,max (pd B pd,min)
pd(pd.max - pd,min)
3

where: p;, - volume mass of dry soil in kg.m ™",
3

Pd.max- Maximal volume mass of soil in kg.m~,

minimal volume mass of soil in kg.m .

I, 2100 [%] 4)

Pd,min ~

On the determined values of relative deformation modulus of
the subgrade surface £, and the relative equivalent modulus of the
particular layers of substructure E,, the values of bearing capacity
grow ny are possible to determine for all materials of the samples:

E,
np=—-100-100  [%] 5)
0

5. Deformation quality evaluation

For each tested material, an evaluating protocol is written to
declare the reached quality of the material from the point of
deformation properties. The protocol example is in figure 3.
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University of Zilina, Faculty of Civil Engineering

Department of the Railway Engineering and Track Management
Komenského 52

SK-010 26 ZILINA

tel.: 089/7243374

fax: 089/7233502

E-mail: kzs@fstav.utc.sk

Evaluating protocol
¢. 5400-1

Diagnostics of deformation properties of the grained materials

Sample name:
Material of a sample:
Construction thickness of a sample:

sample A - Pusté Ulany
gravel-sand of fraction 0 - 32 mm
300 mm

DEFORMATION PROPERTIES

Zilina, 19.09.2000

Laboratory of Department of the
Railway Engineering and Track
Management

Deformation property Symbol Unit Value

Minimal volume mass Pa,min kg.m? 1758
* Maximal volume mass Pd,max kgm™’ 2122
) Volume mass after compaction in natural condition p kgm 3 2175
) Volume mass after compaction in drain condition P kgm* 2124
) Compaction degree Iy % 100,5
* Moisture W % 2,47
~ Absolute metric depressions A, mm 49,75
" Relative metric depressions Ay % 16,58
B Static deformation modulus of the subgrade surface

before the sample application E, MPa 43,7
B Static deformation modulus of substructure E, MPa 56,3
- Bearing capacity grow ng % 28,83

Date and place: Name: Stamp:

Assoc. Prof. Eng. Libor Izvolt, PhD.

Assoc. Prof. Eng. Milan Miksik, PhD.

Obr. 3. Priklad hodnotiaceho protokolu
Fig. 3. The evaluating protocol example
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Dosiahnutie reprezentativnych vysledkov deformacnych vlast-
nosti materialov predpoklada dodrziavanie predpisanej metodiky
komplexného skuSania ako aj reSpektovanie nasledovnych obme-
dzujucich $pecifickych faktorov:

« vyznamnu ulohu pri diagnostike deformacnych vlastnosti zrni-
tych materialov zohrava ¢asovy faktor; vybudovana zemna plan
plynicim ¢asom straca optimalnu vlhkost, ¢o sposobuje nezia-
duce a zavadzajuce zvySenie jej inosnosti,

pre dokladnejsi a reprezentativnejsi rozbor deformacnych vlast-
nosti je potrebné venovat sa v ucelenom ¢asovom celku len
jednému typu materialu s roznymi obmenami zrnitosti na zaklade
presne stanovenej receptury.

Literatura - References

Representative results of the materials deformation properties
require keeping not only the prescribed procedure of complex test
but to respect the following limited specific facts:

« During the deformation properties diagnostics, time plays the
great role; Surface losses the optimal moisture in time, it makes
undesirable and misleading growth of bearing capacity.

« Thorough and representative analysis of deformation properties
requires surveying only one type of material with the various
grain on the precise defined prescription.
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