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The influence of the rolling direction of the joinel steel
sheets on the springback intensity in the case @F-shape
parts made from tailor welded strips

A. ALBUT, G. BRABIE
University of Bacau, 157 Marasesti Street, 5500 BaRamania

The final shape of the draw bended parts is sdyicaffected by the springback phenomenon. The
present work deals with numerical simulation andeginental tests related to draw bending and spring
back ofQ-shapeparts manufactured from tailor welded stripes drnisdl frying to prove out the important
role that the rolling direction of the joined stesbleets has on the springback intensity. The expeetal
tests and the simulation by finite element meth®BAQUS) have been carried out using two different
rolling directions and maintaining constant all@tiparameters.
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1. Introduction

A tailor-welded blank consists of two or more skeitat have been welded to-
gether in a singlg@lane prior to draw bending. The sheets joined kiding canbe
identical, or they can have different thicknesschamicalproperties or surface coat-
ings. Since the springback is affected by the nat@roperties (such as Young's
modulus and initial yield stress, Poisson’s coedfit, constitutive behaviour in plastic
field), the punch and die profile radii, the claaas between punch and die, the fric-
tion conditions, the blankholder force, the weldiimg position, etc., the design of the
drawing process for tailor-weldestripes is more complicated than in the case of ho-
mogeneous ones [1-4].
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Fig. 1. Different orientation of the welding linéttvrespect to the rolling direction
The rolling direction (RD) of the materials withspeect to the draw bending direc-

tion has a great influence on springback interagtyvell as on the material formabil-
ity. The purpose of this study was to investigdke influence of the material rolling
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direction on the springback parameters in the adsthe tailor-weldedstrips. To
achieve this goal, simulation and experimentalese carried out with the weld line
perpendicular to the draw bending direction andntiagerial rolling directions parallel
and perpendicular to the direction of the defornforge applied (Figure 1).

2. Experimental investigation concerning
the influence of the material rolling direction

2.1. Experimental methodology

The tailor-welded stripes used in experiments vmaee by joining the FEPO and
E220 steels sheets. The strips of 388D mm dimensions and 0.7 mm thickness were
cut out from the tailored blank in the rolling diteon along and perpendicularly to the
deforming force. The variation of the following Bback parameters was analyzed
during the testsé, — sidewall angle between real profile and theoattprofile; &, —
flange angle between real profile and theoreticafile; o — curvature radius of the
sidewall (Figure 2).

Fig. 2. Springback parameters Fig. 3. Experimental device

The experimental investigations were performedgisine die shown in Figure 3,
whose geometry is presented in Table 1. The profilthe part obtained and the pa-
rameters of springback were measured with a 3D rinateontrolled scanning ma-
chine. The data obtained were processed using titeCRAD software. In order to
minimize the influence of the blankholder forcs,value was constant and equal to 10
kN. The draw bending tests have been done withidation of the tools and TWB
sample.

Table 1. Die geometric parameters

Punch geometry (mm) 78x120
Punch profile radius (mm) 10
Die opening (mm) 80
Die profile radius (mm) 5
Punch stroke (mm) 50
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2.2. Experimental results of the influence of rollg direction

The values of springback parameters resulted frben éxperimental tests are
graphically represented in Figures 4, 5 and 6 anehgn Table 2.
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Table 2. Springback parameters

Zone of the part made from FEPO steel Zone optremade from E220 steel
Rolling| Angle 6, Sidewall Sidewall
direction [grd] Angle &2 [grd]| 2 qius [mm] Angle &, [grd] | Angle 6, [grd] | i [mm]
position
[9rd] [Theo|Meas| Theo-| Meas-| Theo-| Meas-| Theo- vieasuredl 789 | veasured T80 | Measured
retical ured | retical | ured | retical | ured | retical retical retical
0° 90 | 97.8| O 115 « (262.84 90 100.3 0 17.1| o |214.82
90° | 90| 959 O 106 | « |371.1 90 97.8 0 154 | o« | 289.12

Based on the above results the following conclusican be drawn: the modifica-
tion of the rolling direction affects the springkguarameters of th@-shape part; the
values of the angle&, (Figure 4) andd, (Figure 5) are higher when the rolling direc-
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tion of the TWB sample is parallel to the deformdigection; the sidewall radp are
smaller when the TWB sample has the rolling dimctparallel to the deforming di-
rection (Figure 6); the springback intensity is Heman the part area made from FEPO
steel in comparison with the E220 steel area fdin balling directions.

3. Analysis by simulation of the influence of the mterial rolling direction
3.1. Simulation methodology

The simulation of th&-shape part draw bending was run by using the ABAQU
software. The geometrical parameters analyzed leesidewall radiuso and the
springback angle#, and &. The simulations considered a plane strain stdte.ma-
terial was modelled as elastic-plastic, the plasébaviour being modelled as anisot-
ropic using the Hill's quadratic anisotropic yiaddterion. The geometric model used
in simulation is presented in Figure 7.

Fig. 7. Geometrical model

The initial dimensions of the sheet were 350 mngtlen30 mm width and 0.7 mm
thick. The sheet was modelled as deformable body 400 shell elements (S4R) on
one row with 5 integration points through the tiieks. The tools (punch, die and
blankholder) were modelled as analytical rigid hotllgis modelling will lead to a re-
duced calculus efforts and a better contact bebavidte rigid body movements were
controlled by the reference points.

The boundary conditions imposed on the tools viended to describe as accu-
rately as possible the experimental conditions. ddified Coulomb friction law com-
bined with penalty method was used to describe&on¢act condition.

3.2. Simulation results of the influence of rollingdirection

The variations of springback parametefs @, o) as a function of material rolling
direction are presented in Figures 8-10 and redard&able 3.

From the results presented above the following@spman be remarked: the modi-
fication of the rolling direction affects the spylvack parameters of tife-shape part;
the angle¥, (Figure 8) andd, (Figure 9) attain higher values when the part aéslen
from TWB having the rolling direction parallel tba deformation direction; the side-
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wall radii p are smaller when the TWB sample has the rollimgation parallel to the
deformation direction (Figure 10); the part arealemrom FEPO is not so much af-
fected by the springback phenomenon in comparisibim B220 steel area for both
rolling directions.
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Table 3. Springback parameters

Zone of the part made from FEPO stee Zone of thermpade from E220 steel
Rolling Angle 6, [grd]|Angle 8, [grd] Sidewall Angle 6; [grd] Angle 6, Sidewall
direction|""9'€ 01 19 gecr.19 radius [mm] | ""9'€ 01 19 [grd] radius [mm)]

position [ Theo-[ Meas-| Theo-| Meas-| Theo-| Meas-| Theo-| Meas- | Theo-|Meas{ Theo-
[9rd] | retical | ured | refical | ured | retical| ured | retical | ured | refical| ured| retical
o° 90 99.2 0 13.8) <« (203.93 90 101.4 0 18.4 103.34
90° 90 97.1 0 11.7] o« |(318.72 90 99.3 0 16.3 o 154.49

Measureg

4. Analysis of the results obtained

By analyzing the variation of springback parametdtained from the experimen-
tal and by simulation tests, we can draw the foilhgiconclusions:

» The tendencies of the variation of springback patans are the same for both
experimental or simulation tests.



10 A. ALeuT, G. BRABIE

» The results obtained from the finite element arialgge characterized by a slight
tendency to underestimate the intensity of thengpick compared to the experimen-
tal results (Table 4). The error arising from tlifedence between experimental and
simulation results is approximately 1.3%.

» The differences between the experimental and stionldéests are caused by the
assumption applied in simulation that the blankbpldressure is perfectly uniformly
distributed, but in reality that is not true.

* It can be considered that the results generatatidognalysis of springback phe-

nomenon using finite element method are sufficieatcurate and can be considered
valid.

Table 4. Springback parameters

Zone of the part made from FEPO steel Zone optremade from E220 steel
Rolling Sidewall Angle 6, Sidewall
direction | Ang!e &1 [grd]| Angle &, [grd] radius [mm)] Angle 6, [grd] [ord] radius [mm]
position

[grd] Exp. | Sm. | BExp. | Sim. BExp. Sm. | BExp. | Sim. | BExp.| Sim.| Exp. | Sim.
test test Test test test test test test | test | test| test test

0° 97.8| 99.2| 115 13.8 262.84 20319%0.3| 101.4|17.1|18.4|214.82 103.34
9 959 | 97.1| 10.6| 111 371.16 318{727.8 | 99.3| 15.416.3|289.12 154.49

The rolling direction of the joined sheets influeadhe intensity of the springback
in the case of draw bending of tailor-welded blar®se of the main causes that de-
termine the differences between the variationfiefspringback parameters in the two
analysed cases of the rolling direction positioas be the distribution of the stresses
in different zones of the formed part. Thus, bylwgziag the stress distribution on both
faces of the part before and after springback (€idil) we can arrive at the following
conclusions:

* In the case of both rolling directions, the spriagbdetermines a decrease in the
stress values in comparison with the stresses ggtkin the part before the tools re-
moving.

* In the case of both rolling directions, the matgplaced in the flange area and on
the bottom of the part is subjected only to tensitesses, but after removing the part
from the draw bending tools no stresses are fonrtdése areas. Hence, we can con-
clude that because of the stress equilibrium tegit and bottom of the part will not
be affected by springback phenomenon.

» Most of higher stresses occur in the zones of #ré gorresponding to the die
and punch radius profiles where the material gramesstretched and bended simulta-
neously. After the draw bending tools are removtkd, grains from the neutral axis
neighbourhood, deformed mostly in the elastic domaie trying to take their initial
position and cause geometric deviations of the gmthe effect of springback.

» The 0° rolling direction will determine higher sises on both faces (inner and
outer) of the part in comparison with those germetanh the case of the 90° rolling di-
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rection. This is because in the case of 0° roltirgction, during the draw bending
process the grains are only subjected to tensileending stresses, but in the case of
90° rolling direction an important amount of defatran energy is used to change the
orientation of grains. This phenomenon is more obwiin the zone of the part made
from FEPO steel because of its great resistanaetormation in comparison with
E220 steel.

» The curvature of the sidewall in the part area nfaai® E220 steel occurs in the
case of the 0° rolling direction because of thessies difference between external and
internal faces of the part. During the draw bengingcess the grains located closer to
the inner face of the part are more stressed irpaoson with the grains placed closer
to the external face of the part, especially beeanighe influence of the zones of de-
formations located in the areas of connection betwbe wall and flange and bottom.
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Fig. 11. Equivalent stress distribution along bfaites of the part before and after springback
5. Conclusions

The following conclusions can be drawn from thespré research concerning the
influence of the rolling direction on springback@aeters:

* The placing of the rolling direction perpendicwatio the direction of the
deforming force leads to the reduction of sprindgbiatensity; the reduction of devia-
tion from the theoretical profile is of about 6.5%.

» The draw bending of the samples having the roltlirgction parallel to the de-
forming force can result in higher springback irsignor even the breaking in the de-
formation area; the increase of deviation fromttieoretical profile is of about 8.6%.

» The springback of the zone of the part made frorR@®teel is smaller com-
pared with the zone of the part made from E220l,steause the strength of the
E220 steel is higher than the strength of the FEfe@d.

 Springback intensity is influenced by the distribnt of different stresses in
different areas of the part. The 0° rolling direntdetermines higher stresses on both
faces of the part in comparison with those gendratehe case of the 90° rolling di-
rection.
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Whplyw kierunku walcowania na intensywndsé powrotnych odksztatca sprezystych
wyrobéw w ksztalcie litery Q wykonanych z blach spawanych laserem

Koncowy ksztatt wyrobow ksztattowanych w procesiecg w duzym stopniu zaley od
zjawiska powrotnego sgrynowania. W pracy przedstawiono numerycggmulacg i badania
doswiadczalne dotyece gkcia i sprzynowania powrotnego wyrobow w ksztalcie lite@y
wytwarzanych z blach spawanych laserem. Wykazatotnisrole kierunku walcowania spa-
wanych laserem blach na intensyé®igpowrotnych odksztatde sprezystych. Badania do-
swiadczalne i symulacja metad/IES z uyciem programu ABAQUS zostaly przeprowadzone

dla dwdch ranych kierunkéw walcowania i z zachowaniem statyolzgstatych parametrow
procesu.
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Scale effect in shaft friction from the direct shear interfacetests

L. BALACHOWSKI
Gdaisk University of Technology, Narutowicza 11/12, 882 Gdask

The thickness of the shear band mobilised on thee ghiaft subjected to loading is practically the
same for a small model and a large-diameter prpéotit the same normal stress applied to the sifiaft
the model and of the prototype pile, the normdfretss of the interface and so the shear conditimas
different for both cases. Lateral friction measufedthe model and the prototype will differ. Ttisale
effect in shaft friction related to the ratio ottHiameter of the model to a mean grain size @ietiuwith
the direct shear interface tests, where the péendter is modelled with a constant normal stiffress
plied to the shear box. The scale effect whoseevisllower than unity is obtained for the dilataal be-
haviour within the interface. The value of the scaffect smaller than unity is deduced from thedtir
shear interface tests with the soil contractancy.

Keywords:model tests, direct shear box, constant normdhstss

Notations

dso —mean grain diameter,

e — shear band width,

k — normal stiffness imposed,

u — displacement applied to the upper plate of Heasbox,
u; — normal displacement at the boundary of the iatexf
D —pile diameter,

E, — pressuremeter modulus,

G — shear modulus,

Ip — density index,

Ko - earth pressure coefficient at rest,

R — pile radius,

Ag, — the increment of the normal stress to the shaft,
Au — the increment of the normal displacement,

o, — normal stress,

O — initial normal stress,

o', — effective overburden stress,

T — shear stress,

T modei— Shear stress on model pile,

Tk prototype— Shear stress on prototype pile,

Ti=0) — Shear stress in constant normal stress congition
_rgkm) — shear stress in no volume changes condition,
T — scale effect.

1. Introduction

In physical modelling, some distortions of the ptgpe conditions, related to the
grain size, can occur in granular soils. They aretaken into account in general si-
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militude equations. These distortions are due tm#&ion of shear bands at the inter-
face between the soil and structure as for pil@dations, anchors and nailing or due
to localization of the deformation in shear bandthiw the soil mass for retaining
walls or shallow foundations. Observations of theas zone in the direct shear inter-
face box together with a research into localizatiase shown that the thickness of the
shear bands depends mainly on an average sizainsgand typically approaches ten
grain diameters (Desrues [1]). As the same sajkiserally used in the model and the
prototype, a distortion of physical modelling olfwations will be observed. When
the behaviour of the foundation is governed byrttechanism of localization of the
deformations in shear bands within the soil madsydhe formation of a shear zone at
the interface between soil and structure, the setikrt related to the ratio of the
model size to mean size of grains will appear. Wihenshear mechanism at the pile—
soil interface is approximated by means of dirdwetas test, the different boundary
conditions (i.e., the normal stiffness) will be dpg to a small-diameter model and
a large-diameter prototype pile.

In physical modelling, the development of such a repparatus as centrifuge,
where the miniaturization of models is forced by limited size of container, requires
a possible scale effect to be verified and quadtifiOne should note that if this scale
effect can be responsible for some problems innteepretation of physical modelling
in granular material, it can be practically used arplored for the design of anchores
and nails in granular material (Wernick [2], Scslesand Guilloux [3], Lehane et al.
[4]).

The scale effect in the case of shallow foundatiwes been studied by Habib [5],
Kimura et al. [6], and Tatsuoka et al. [7]. Theesented some requirements con-
cerning the minimal size of the foundation withpest to the grain size in order to
avoid the scale effect related to the localizabbdeformations within the soil mass.

Two distinct types of the soil behaviour within timerface can be identified. The
first one that corresponds to the soil-pile integfgresenting dilative behaviour, and
the second one, in which the soil within the irded tends to contract during shearing.
The analysis of the interface mechanisms has st{Beunlon and Foray [8], Boulon
[9]) that a significant scale effect in the shaittfon measured on model piles can be
expected due to formation of shear bands alongiteeshaft. The scale effect on the
shaft friction at rough model piles of differentdieters (from 16 mm to 55 mm) em-
bedded in Hostun dense quartz sand was studida inentrifuge (Batachowski [10])
for a dilative interface. These results were cor@ao the prediction given by the
analysis of the interface mechanisms and the sesfilthe direct shear interface tests
using different normal stiffness (Foray et al. [Larnier and Konig [12] performed
a series of centrifuge tests with rough surfacéusions of different diameters (from
4 mm to 36 mm) embedded in dense Fontainebleauasahthe scale effect evaluated
was similar to the previous results. In the cas@afectly smooth shafts, the skin
friction in pull-out tests (Reddy et al. [13]) wagactically the same regardless the di-
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ameter of inclusion, and any scale effect due smaslband formation along the pile
shaft was not observed.

In this paper, a complementary approach to cegeifiests is presented and the
scale effect in lateral friction due to shear béordhation within the interface is evalu-
ated based on the direct shear interface tesis.elstimated not only for the dilative
interface as it was realized in centrifuge testdgBlaowski [10], Foray et al. [11]), but
also for the contractive interface. Here, some tguand carbonated sands are consid-
ered.

2. Direct shear interfacetests

In the first approximation, the mechanism of thebitigation of the skin friction
along the pile shaft can be considered to be sirtola direct shear interface test with
constant normal stiffness (CN8) corresponding to the lateral stiffness of the sur
rounding soil, as suggested in Figure 1. Volumathanges of the soil within inter-
face induce a normal displacement in the surrogndoil and the changes in the nor-
mal stress imposed on the shaft. A simple calanafiVernick [2]) shows thd can
be related to the pressuremeter modulus of thé&s@dr G) by:

2E
k :_AAal:ln =_Rp , (1)
where:

Ag, — the increment of the normal stress imposed erstiaft,

Au — the increment of the normal displacement,

E, — the pressuremeter modulus,

R — the pile radius.

The extensive research program designed to destitrébdehaviour of the soil-
structure interfaces was developed by Plytas [Bdyjlon and Foray [8], Boulon [9],
Genevois [15] and Hoteit [16] for quartz and caidited sands using the direct shear
interface box with CNS and smooth and rough inte$a Airey et al. [17] developed
cyclic direct shear interface tests with CNS forbcsated sands and studied skin
friction degradation due to cyclic shearing.

In the case of the contractive behaviour of théwithin the interface, the normal
stress reveals the tendency to decrease duringirsipeBor a given interface and for
an initial normal stress this tendency is stroraerigher normal stiffness imposed on
the box. Let us consider the dilative soil behawiaithin the interface. As the soil
tendency to dilate within the interface is restegirby the surrounding soil mass (nor-
mal stiffness imposed on the box), a significamtréase in the normal stress can be
observed during shearing. The greater the nornffhegs imposed on the box, the
higher the normal stress mobilized in the dire@ashinterface test. The maximal
dilatancy within the interface will be observed flanse sand, rough plate, low normal
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stress and small normal stiffness. The maximal cmiktractancy is expected for loose
sand, smooth plate, high normal stress and greataistiffness imposed on the box.
Carbonated sand will contract better than quand sturing shearing.
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Fig. 1. The analogy between shear mechanism opilhehaft and the direct shear interface test
with constant normal stiffness (Boulon [8])

One should note that the normal stiffness is agpiethe upper part of the shear
box, and no to the interface itself. The normapldisemenu, at the boundary of the
interface (Figure 1) is larger than the displacemeapplied to the upper plate of the
shear box. The normal stiffness applied to thershea and the shear stress measured
should be theoretically adjusted to the comprelgiluf the soil sample in the upper
part of the shear box. This adjustment could beamradtaking into account unload—
reload modulus measured either under oedometridittoms or in pressuremeter test.
The influence of the soil compressibility in thepep part of the box can be however
considered negligible, as the unload—reload modslesen several times higher than
the initial tangent one at a given stress level.

3. Definition of scale effect

A schematic presentation of the maximum shear stagsa function of CN8 is
given in Figure 2 for the interface presenting tilia behaviour. As the normal stiff-
ness applied to the box is inversely proportionahe pile radius, it should be greater
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for a model pile than for a large-diameter protetyphus, at a given depth repre-
sented by a given initial normal stress and foriveerg sand density and interface
roughness, a higher shear stress should be obtainth@ case of a small-diameter
model pile ¢k mode) than along the large prototype pilg fototype -

AT max

Tiv=0

Tk model

Tk prototypel

THo
0 =cte k

>

k k

prototype model

Fig. 2. Maximum shear stress vs. constant norrnfiess — dilative behaviour, Genevois [15]

AT max
T O=cte
T
k prototype
t k model
T \/=
dV=0
k
k k >
prototype model

Fig. 3. Maximum shear stress vs. constant norrféiless — contractive behaviour

An analogous schematic presentation of the maxirslhear stress with the CNS
is given in Figure 3 for the contractive interfatrethis case, at a given initial normal
stress, sand density and interface roughness hamgear stress should be measured
along the large-diameter prototype pilRyfowrype than for a small-diameter model pile
(Tkmodel)-

The scale effect for the shaft frictian can be estimated based on the interface
CNS tests according to the schemes in Figure Fanae 3:
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* Tk model

7 = kmodel )

Tk prototype

It will be larger than unity for the dilative inface or smaller than unity in the case of
the contractive behaviour of the soil within theeifiace. For a given interface (soll
mineralogical characteristics, soil density, iditieormal stress, grain size and plate
roughness) this scale effectshould be a function of the imposed normal stiffnes
and for a given soil it should be related to tHe diameter.

3.1. Maximal scale effect

The extreme range of the normal stiffness will ithee for large-diameter piles
with small volumetric changes within the interfawéhich corresponds to a classical
shear test with constant normal stress conditigrs @), or for small-diameter model
piles with strong interface dilatancy/contractaneiich corresponds to the shear test
with a high CNS. The upper boundary of the norntiffingss is no volume changes
condition k = ).
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Fig. 4. Maximal shear stress from the direct sl@arface test at constant normal stress—rougle-plat
Hostun materiall = 0.8)

Three different Hostun quartz sands were consideregtlium ¢, = 0.32 mm),
coarse @so= 0.7 mm) and graveb{,= 1.2 mm). An analysis of the direct shear inter-
face tests with constant normal stress (Hoteit [d®6dl Plytas [14]) shows that the
maximum shear stress for sands of the same mimggcalaharacteristics is practically
independent of the grain size (Figure 4 and Figyrd his conclusion will not be valid
for very high normal stress applied to the boxfoorcarbonated sands, when a consid-
erable grain crushing occurs, being the functiothefgrain size. On the other hand,
the shear stress mobilized in CNS test should la¢edeto the dilatancy/contractancy
in the interface.
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Fig. 5. Maximal shear stress from the direct sl@arface test at constant normal stress—rougle-plat
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The maximal scale effect in a given direct she&rface test is determined by

taking into account two boundary conditions: nowoé changesk(= «) and constant
normal stressk(= 0):

T

o _ Tkze)

Ty =—), (3
T (k=0)

The results of the direct shear interface testeutitese two boundary conditions
are given in Figure 6 for the Hostun medium sand.
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Fig. 6. Maximal shear stress under two extremahdary conditions, i.e.,
dense Hostun medium sand and rough plate
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The value of the maximal scale effect in frictiam the interface presenting highly
dilative behaviour (high density, rough plate) igeq in Figure 7 for two quartz sands
of the same mineralogical characteristic but défe¢rgrain size. A larger grain size of
the sand, a higher maximal scale effect (up tooP@grved in the direct shear interface
test, especially at low initial normal stress applio the shear box. The value of the
maximal scale effect attenuates with initial norratikss and becomes negligible at
very high initial normal stress.
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Fig. 7. Maximal scale effect from the direct shieéerface box for two quartz sands and rough plate
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Fig. 8. Maximal scale effect from the direct shieéerface box for Hostun quartz sand and
Quiou carbonated sand
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Maximal (less than unity) scale effect in frictidor the contractive interface is
given in Figure 8 for a smooth plate and two losards: Hostun coarse quartz sand
and Quiou carbonated sand, Hoteit [16] and Plytd% [The highest scale effect is ob-
served at low initial normal stress and steadibyréases with initial normal stress ap-
plied to the shear box. For quartz sand the difieeebetween the shear stress at con-
stant normal stress and no volume changes shdarwék attenuate at high initial
normal stress (about 2000 kPa). Due to importasingrrushing in the shear box tests
with carbonated sand, the maximal scale effecovgef in carbonated sand than in
guartz sand and does not converge to unity.

3.2. Scale effect for model piles

The scale effect corresponding to the model pifes given diameter can be esti-
mated from the direct shear interface tests witt5@Xd shear modulus or pressure-
meter modulus determined in calibration chambeptiog to the following proce-
dure:

* the pressuremeter modulus is estimated for a giegth or vertical stress,

* earth pressure coefficiedt at restis estimated,

* initial normal stress acting on the pile shaftagalated according to formula (4),

* the constant normal stiffnekss calculated for each model and the prototype pil
according to formula (1)

Ono— KO O':,. (4)

E, [MPa]
0 5 10 15 20 25 30

100 +

200 +

300
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400 -

"""" Hostun coarse
500 1 — Hostun medium

600

Fig. 9. Pressuremeter tangent modulus in denses shetdrmined in the calibration chamber in Grenoble

Taking into consideration the pressuremeter moddéua (Figure 9) determined in
the calibration chamber by Mokrani [18] for two demjuartz sands and the results of
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the direct shear interface tests with CNS, it isgildle to estimate the constant normal
stiffness for the model and the prototype piles.

3.2.1. Dilativeinterface

The values of maximal shear stress vs. imposed alastiifness are available for
Hostun dense medium (Figure 10) and Hostun denaesesand (Figure 11) and
rough plate (Batachowski [10]). One can estimate shear stress corresponding to
a given stiffness and initial normal stress for thedel and for the prototype. The re-
sults of the direct shear interface tests at constarmal stress were applied to the
prototype pile, 1600 mm in diameter, as its norstéfness of the interface does not
exceed 100 kPa/mm for both Hostun sands. For exantpé normal stiffness for
a prototype pile embedded in medium sand, calallaféh (1) at effective overbur-
den stresg, = 200 kPa will be equal to 20 kPa/mm.
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Fig. 10. Direct shear interface tests at CNS forttdioslense medium sand—rough plate
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Fig. 11. Direct shear interface tests at CNS forttioslense coarse sand—rough plate
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For a given depth (initial normal stress), the esafect is determined to be the ratio
of the maximal shear stress estimated for the moddle maximal shear stress for the
prototype. It is presented in Figure 12 for Hostoedium sand as the function of the
imposed normal stiffness.
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Fig. 12. Scale effect vs. imposed normal stifffesglense Hostun medium sand-rough plate

The interface analysis showed that the shear badith @ is a function of a mean
grain diameteds,. Here, it was assumed that:

e=100H,,. (5)
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Fig. 13. Maximal shear stress e ratio for dense Hostun medium sand—rough plate



24 L. BALACHOWSKI

For a given initial normal stress,, a constant normal stiffneksand the pile diameter
D, the D/e ratio was calculated. Then the maximal shear st(Egure 13) and the
scale effect (Figure 14) in lateral friction wereegented as the function of tBde
ratio and the initial normal stress applied to thos.

3

2.5

scale effect
N
L

1.5 4 ono=140 kPa

_____________ ;
0no=210 kPa
1 T T T T T

0 5 10 15 20 25 30
Dl/e

Fig. 14. Scale effect from direct shear interfast tvith CNS vsD/e ratio, dense sand and rough plate

3.2.2. Contractive interface

In the case of contractive behaviour of the inmfahe maximal shear stress de-
creases steadily with the imposed normal stiffreggdied to the shear box (Figure 15
and Figure 16) (Hoteit [16]). The correspondinglesaHfect for loose, coarse Hostun
quartz sand and loose carbonated Quiou sand anetismlate is given in Figure 17
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Fig. 15. Maximal shear stress for loose Hostun coanseé and smooth ple
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and Figure 18 as the function of the imposed nomtiffhess; whereas its maximal
value is presented in Figure 5. As carbonated sarelsery sensitive to grain crush-
ing, the scale effect is reduced more rapidly drefdrocess starts at smaller normal
stiffness imposed on Quiou sanddf about 400 kPa/mm) than on Hostun okef
about 4000 kPa/mm). Using the same approach abédadilative interface, the scale
effect for loose Hostun and Quiou sands and smpilatie was determined (Figure 19
and Figure 20) as the function of tBée ratio. The strongest scale effect is observed
for small models and great initial normal stressislIstronger for carbonated sands
than for quartz sands. This scale effect attendatabeD/e ratio exceeding 20.
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Fig. 16. Maximal shear stress for loose Quiou sardismooth plate
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4. Conclusions

Scale effect in lateral friction due to shear b&nation in the soil-structure in-
terface was determined based on direct shearagetests with constant normal stiff-
ness. This scale effect greater than unity wasimddafor the dilative interface, and
smaller than unity — for contractive soil behaviaiithin the interface. For the latter,
the scale effect in carbonated sand will be mooa@unced than in quartz one.

The tests on small-diameter models should be choig with a special attention.
In order to avoid the scale effect, the diametethefmodel should be larger than the
sum of the diameters of 200 grains at highly diatr contractive soil within the in-
terface.

Making use of the direct shear interface test taeha@orrectly the lateral friction
mobilisation on the pile shaft, we have to takecaot of its limitations. They are as
follows:

* For the inclusions of a very small diameter, therm@menon is a really axisym-
metrical problem and cannot be reproduced in pktr&n conditions in the direct
shear test. The circumferential stress influena# itsevolution during the shearing
cannot be reflected in the direct shear interfase t

* In the case of contractive soil behaviour withia Hoil-pile interface, the arching
phenomena can appear and the contact between theatng interface and the
surrounding soil mass can be lost. These phenomé@haot exist during the shear
test in the interface shear box.

* In these cases, the scale effect determined watllitiect shear interface tests will
be underestimated.
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Efekt skali dla tarcia na podstawie badan bezposredniego scinania w kontakcie

Przy tym samym napzeniu normalnym na pobocznicy modelu pala o matepnicy
i prototypu o duej srednicy zjawisko mobilizacji tarcia przebiega wyeh warunkach brzego-
wych. Zjawisko to mge zosté odzwierciedlone w badaniu beZpedniegoscinania w kontak-
cie ze stat sztywndcia normalm, odwrotnie proporcjonaindo rozpatrywanejrednicy pala.
Przeanalizowano warfoi maksymalne tarcia uzyskane w aparacie b@epoiegoscinania
dla piaskow kwarcowych i gglanowych oraz gtadkiego i szorstkiego kontaktuyp@znym
zagzszczeniu piasku. Okélno efekt skali jako stosunek tarcia mobilizowameg modelu do
tarcia mobilizowanego dla pala ozdjisrednicy. Efekt skali zmierzony w aparacie bezpd-
niego scinania w kontakcie przy stalej sztywsed normalnej ma wartg wieksz od jednego
w przypadku dylatancji w kontakcie lub wastamniejsz niz jeden dla kontraktancji na styku
konstrukcja—grunt.
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Selected problems in evaluating topography of coateabrasives
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The paper presents some problems connected withoffwgraphy of coated abrasives. Various
classes of coating are discussed, ranging from ertgional single-layer ones to modern engineered
coatings of the TRIZACT type. Actual parameters loé tactive face for various makes are given.
Principal in-service properties of abrasive belts discussed: instantaneous grinding efficiency and
variation in surface roughness of the machined piede. A grinding process model is outlined which,
after completion, will be capable of controllingepisely automated grinding operations using coated
abrasives.

Keywords:topography, coated abrasives, TRIZACT type coatingding operations

1. Introduction

In recent years, major advances in material rempr@tesses using coated abra-
sives have been made. New design solutions andabeagive materials have signifi-
cantly extended their range of applications. Ma@mdfits of the technology include:
uniform cutting speed, tool flexibility, capacitgrf machining extensive areas, cutting
forces and residual stresses lower than those niddzbabrasive grinding. Other ad-
vantages worth mentioning are such that there isesal for tool balancing, dressing
and using grinding fluids [2].

Both literature studies and earlier investigatifihs, 5, 7] have clearly shown that
there is no closed set of quantities that coulindethe active face of a coated abra-
sive. The number of grains or particles activelyoimed in cutting, their spatial ge-
ometry, extent and character of wear are considerdak the deciding factors. All
they must be taken into account when designingropéid manufacturing processes.

2. Types of coated abrasives

Cutting properties of coated abrasives depend pitynan the type of abrasive
mineral and the coating structure. The most widslyd are single-layer continuous or
programmed coats (with standard grit) availablgrades from P16 to P2500 (Fig-
ure 1a). Their cutting performance can vary withinad limits due to varying sizes
and shapes of grains, non-uniform grain coveragk diffierent coat structure. The
overall wear of the monolayer abrasives is relffifast. Modern abrasive products
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with structured coats of the TRIZACT type (Figul® are free from these shortcom-
ings.

Another solution offering exceptional advantages single-layer structured coats
made up of spherical abrasive particles of the HERM type (Figure 2a), less pat-
terned aggregate products (KULEX) (Figure 2b) [2]highly patterned TRIZACT
coatings (Figure 2c) [2, 3, 4, 6].

Fig. 1. Various types of coating: conventional apdern (TRIZACT type) (b) [6]

Such products offer improved grinding performanod aost-effective operation.
The coat life is significantly longer and the makremoval rate remains approxi-
mately constant till the complete wear-out of d.tBsoducts with the aforementioned
coats yield consistently uniform finish on machirseafaces.
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Fig. 2. Schematic cross-sections of coats madd aprasive particles:
spherical (a), aggregate (b), pyramidal (c)
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3. Characteristics of the active surface of coateabrasives

Topography of the active face of a coated abrasiag be analyzed in the static
conditions, i.e., for a tool itself, and in the dynic conditions, i.e., for a tool in actual
operation. In coated abrasives, the continuous wkéne cutting layer gives rise to

extremely large differences between the coat tagagyr in the two conditions.

From the geometrical point of view the active scefaf a coat may be

acteristics are as follows:
* the size and shape of an individual abrasive partic
* the number of abrasive particles per a unit axgg (

considered
as a set of irregularities produced by sphericehsibe particles bonded to the back-
ing. Papers [1, 2, 4, 5] have clearly indicated thdting performance of coated abra-
sives is primarily affected by the topography ddithactive face whose defining char-

* the spacing between abrasive particlgsgnd its statistical distribution,

* the number of standard grains on the active fagepafrticle,

* the height of the particle vertex above the malat ¢svel and its statistical dis-

tribution.
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Fig. 3. Comparison of the numbiy, of particles making up the active face of a belt
as a function of coating grade
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Fig. 4. ATRIZACT abrasive of A16 grade

The investigations have shown that in standardrgsgt the same grain size there
can be 10 to 20 times more grains per a unit drea abrasive particles. At larger
grains the ratio becomes even higher. It should laésnoted that the belts with struc-
tured coats have limited grain coverage compardt thiat of standard coats (Fig-
ure 3).

When comparing various mucker belts with coats magsl@f bubble particles or
aggregates it is possible to note that differemecése number of particles of the same
grade per a unit area are small.

Spherical abrasive particles are well defined gpgh and their size is by 8-9 times
larger than that of standard grains of the saméegréhe coatings covering the range
from P60 to P120 may be considered as tools witltdat.

Histograms of particle spacing show that the fregyeof finding the same dis-
tance is close to the normal distribution irresprecof grade. The higher the grade, the
more uniform the spacing value —the tendency caredsily judged based on the
standard deviation value.

The structured coats of the TRIZACT type were asedyin the same way. Profilo-
grams and computer visualization techniques shawatdthe belts investigated con-
tained two types of particles:

a) coats from the A6—A65 range had 20 particles atbeglO mm gauge length,

b) coats from the A80—A160 range had 15 particlesgatbe 10 mm gauge length.

It was further shown that the abrasive particlesevehaped as tetragonal pyramids
with the bases of 0.45x0.45 mm and 0.6x0.6 mm, thighvertex angles ranging from
60 to 90 degrees.

The height of the abrasive polyhedrons, whatevergitade, ranged from 260 to
360um and the vertices formed a highly regular pattern.

4. Performance characteristics of structured coatedbrasives

The two performance characteristics were determioethe abrasive belts tested:
» changes in instantaneous grinding efficiency defias mass of material re-
moved in a unit of tim&(g/s) over the whole operation time in minutes WF&g5),
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» changes in surface roughness ind&xum)) over the whole operational time
(Figure 6).
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Fig. 6. The effect of coating type on the surfaméghness indek, with the grinding time

The following belts were tested:
1. LS309 P120X single-layer coated (KLINGSPOR).
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2. CS826 P120YXA with aggregate particles (KLINGSPOR).

3. RB530 P120X with abrasive particles of the HERMES/ge (HERMES).

4. 3M 307 P280JE with abrasive particles of the TRIZA§pe (3M).

The tests were performed in grinding under a constantact forcé=, = 10N. The
ground specimens of 1.0 émross-section area were made of 0.45% steel.tAdia
tact roller of a Sh90 hardness was used, the gigsheed wag = 30 m/s.

The following findings shall be listed:

» Among the structured coating belts, the products2Nand 4 had the most stable
grinding efficiency. Also, the respective volumdsnmaterial removed were the high-
est of them all (Figure 5).

« If absolute values of the instantaneous grindiffigiehcy in an initial stage of the
operation are to be taken into account, the highalstes are obtained for belts with
standard coating LS309. This behaviour is accongghby the most rapid decrease in
the grinding efficiency.

» The narrowest scatter of the roughness irfiglgxwas found for RB530 belts which
managed to maintain this quality during the whel period.

4

Coat height
h wariation

)

Grinding time

Fig. 7. Schematic illustration of how the partigulgoes of coating are being worn:
a— HERMESIT particlesh — KULEX particles,c — TRIZACT particles
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The appearance of plo=f(t), R, =f(t) andh = f(t) (Figure 7) is closely related
to characteristic structural features of the camtitested and their behaviour in ser-
vice. As shown in [2], standard belts have the éggmumber of grains per a unit area
and thus their better efficiency in the initialgga of the process is fully understood.
Their cutting ability becomes gradually reduced tuevear (Figure 5). In structured
coatings, a smaller number of particles are invlwecutting in the initial stages of
the operation and thus their efficiency is gengrilver than in the former case. On
the other hand, the fracture or fragment of paatidk exposed to a moderate rate so
that new sharp structure edges are produced. Témalbvesult is that the efficiency
remains almost constant (Figure 7).

To sum up, the structured coats have better piiepetthan the monolayer ones.
Their uniform performance with time, measured inm of both cutting efficiency
and quality of finish, makes them a preferred obdac numerically controlled grinders.

5. A subsystem for optimizing coat parameters

Modular manufacturing processes set high requirésneoncerning accuracy and
guality of machining operations and thus the rdidirishing operations gets more
and more important. For a variety of machined niaeinvolved one has to use belts
with a rigorously selected set of structural feasuf3, 7]. The structured/engineered
coatings can be exactly adjusted to a grinding Jdie grain coverage can be con-
trolled by selecting both the type of grain/padideposition pattern and the value of
spacing.

A fine type of tool as it is, a structured belt doats structural complexity is a dif-
ficult component to be integrated into an automatéading process.

The authors have devised a test programmer fandlyzing, controlling and opti-
mizing the coat parameters, and 2) relating thethdarinding operation outcome.

A generalized criterion for most grinding operasiomill be the particle coverage
index K, relating the necessary number of particles withia cutting zone to the
stipulated grinding efficiency of a tool and thgueed surface finish quality. The in-
put and output variables for the model are: graimpgosition of an abrasive, grain
(particle) grade, structural features of a coaysjal-mechanical properties of a ma-
chined material, workpiece surface roughness immtet to and following the opera-
tion, grinding allowance, grinding process varialgrinding speed, contact force etc).

The model constructed will be capable of contrgllihe process by varying the ra-
dial component of the cutting force — the forcenigedasily measured and controlled.
The test goal presented forms a principal subjeet @octor’s thesis to be completed
soon.

6. Final remarks

For a consistent high-quality finish in belt gringiit is necessary to use belts with
structured coats. Their performance characterigtiesgenerally better than those of
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conventional coats. For most grinding jobs, thanoigation criterion should be the
abrasive particle coverage index as related tgtimeling efficiency of a belt.

The process model to be constructed soon by treepreuthors shall relate the
geometry of the ground surface to both structuhalracteristics of the belt coat and
variables of the grinding operation.
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Wybrane problemy oceny topografiisciernych nasypéw przestrzennych

Przedstawiono wybrane problemy zwméne z topografi przestrzennych nasypéscier-
nych. Oméwiono réne nasypycierne (od standardowego do nowoczesnego przesggen
nasypu typu TRIZACT). Podano parametry czynnej pordhni narzdzi nasypowych. Istot-
nym zagadnieniem rozpatrywanym wtasciwosci eksploatacyjne &y $ciernej wyraone
przez zmiag wydajndci chwilowej szlifowania i zmiag chropowatéci obrobionej po-
wierzchni. Poczynione dola préby opisania doboru najkorzystniejszych paradvetnasypu
sciernego daki wprowadzeniu modutéw dla #aych warunkéw obrdébki.
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The possibility of adjusting concrete mixtures’
fluidity by means of superplasticizer SNF

A. KAPELKO
Wroctaw University of Technology, Wybrze Wyspiaskiego 27, 50-370 Wroctaw

One of the disadvantages of superplasticizersisufieat the concrete mixture modified by this kind
of admixtures loses its workability very quicklyhi§ paper summarizes a current state-of-the-agtff
of superplasticizer SNF addition to the cement negdten particular its mechanisms and the methafds
addition. The paper presents the author’s expetimhémvestigation into the variation of concretexmi
tures’ fluidity in the function of time and the cige of concrete technical properties as a resusuef
perplasticizer's SNF addition. The experiments weagied out using two types of aggregates: mineral
and granite, and two kinds of Portland cement: CEB2,ER and CEM | 42,5R. The tests have shown
that SNF has a significant influence on the flyidif cement materials. The superplasticizer adteskt
times in the total amount of 2.0% allows us to atlghe fluidity of concrete mixtures and to keep th
consistency on the fluid and half-fluid level. Asfar loss of the fluidity of concrete mixtures, batcon-
trol one and modified by SNF, takes place when noeraent is added and influenced by the following
factors: fineness, cement mineral composition aygtegate type. The author proposes to use a paamet
Sy (average slump) in order to estimate the efficgeilocSNF’s addition and to maintain high workalilit
of concrete mixtures in the function of time. Thedification of concrete mixtures by the superpfasti
cizer, introduced to reduce the amount of wateducton of the water to cement ratio), increases th
compressive strength from 1 to 3 classes in compario compressive strength of control concrete Th
modification considerably reduces the water abgampdf concretes. Moreover, superplasticizer’s addi

tion increases the brittleness of concretes

Keywords:concrete mixtures, superplasticizer SNF, fluidigncrete properties

1. Introduction

A modification of cement materials by chemical axionies has been reported in
numerous monographs, journals and scientific rekeaports, and very often is the
subject of conferences and seminars. Monograples, fee example, Rixom [1],
Ramachandrapd], Dodson 3], Neville[2], Jamray [6], Kurdowski[7], Kapelko[§],
and research reports, for example, Kuchafgad, outline the different kinds of
chemical admixtures, their action, their influermcethe properties of fresh and hard-
ened cement materials and finally their possiksitof practical use.

Recently, an increasing attention has been givesuperplasticizers, which can be
divided into five basic groups: a) sulfonated mefe¥formaldehyde condensates
(SMF), b) sulfonated naphthalene-formaldehyde cosaes (SNF), ¢) modified lig-
nosulfonate esters (MLS), and d) polycarboxylatévdéves. The most popular are
the first two groups of superplasticizers, i.e, SMite SNF.
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Basically, superplasticizers added to material cegmallow us: a) to reducevec
(water/cement) ratio, while maintaining an initilalidity level of concrete mixture, or
b) to maintain a constamt/c ratio, while keeping an initial consistency constar in-
creasing concrete mixture’s fluidity.

Because of the plasticising effect of those admeduthere exists the possibility
that the cement content will decrease significamtthout the changes in concrete’s
technical properties, which has been outlined byefle [8, 12].

Chemical content of plasticizing admixtures, amtmgm of superplasticizer SNF,
is presented in many reports, for example, in biyaKucharska [9].

The main effects of superplasticizer on concreteperties are as follows: the
dispersion of cement granules and plasticizingceféssociated with this phenome-
non; the adsorption of cement granules on the plasicizer surface, which causes
the repulsion of the granules; the increase inrspetential; and the stabilization of
grout due to electrostatic repulsion.

Based on the literature review presented abowsntbe concluded that the basic
characteristics of superplasticizer's SNF perforoeaare still a subject of ongoing in-
vestigations and further research. The method dingdSNF to the cement material,
together with water, or retardation of the processsssociated with numerous ex-
pected effects, for example, allows the admixtune the cement to be used in smaller
amounts, keeps the fluidity level during a longeret decreases the speed of worka-
bility loss, defines the compatibility of cementraidture SNF and so on [3—4, 13-30,
32-34].

The analysis of the literature citied in this papleows that there is a need for more
general, careful and complex investigations inte thuidity behaviour of concrete
mixtures versus time and into the changes of cesisréechnical properties, taking
into account concrete durability in the exposugesslaccording to standard [36]; this
concrete is enriched with triple superplasticizBiFS

The author’s research presented is aimed at broagldre knowledge about the ef-
fects of multiple superplasticizer SNF additionthe cement material on the proper-
ties of this cement, also in the aspect of itsulsess in the building practice.

2. Tests and their results
2.1. Materials

Ordinary superplasticizer SNF, i.e., a water sohutbf sodium salt of formaldehy-
dic polycondesates of sulfonic-naphthalene acidss used in the experiments. Two
kinds of Portland cement were used: CEM | 32,5 R GEM 42,5 R from the Géza
dze Cement Plant. The content of tricalcium aluminatihe clinker of these cements
reached 9.8 %. Based on the literature review doriee part 1 of this paper, it is
known that SNF adsorbs mostly inACcement’s phase. Why the cement with such
a high content of tricalcium aluminate was used@aBse the aim of tests was to use
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the total amount of SNF, that is 2.0% by weighthef cement content. This quantity
of superplasticizer does not produce incidentalltesassociated with, for example,
air-entraining, which was pointed out by KapelK®]. In addition, it should be
emphasized that the majority of cements produce®dland are characterized by
a high content of €A [7]. Taking into account the facts that a significpatt of SNF

is used during its first addition together with eratind that the fast workability loss
takes place, the repeated double addition of SN&dlaguate amount has restored the
initial fluidity of concrete mixture. It allowed u® use the whole and also the safe
amount of SNF to adjust the fluidity after the walokity loss through the second and
the third SNF addition and to observe the speeftlifity loss and the period when
a high level of workability is kept. The possihiéi of implementing the results in the
building practice were being kept in mind.

The following aggregates were used in concreteurist a) 8—16 mm gravel from
Mietkéw Mine, b) 2—-8 mm gravel from Mietkéw Mine) 6—2 mm sand from Miet-
kow Mine, d) 8-16 mm basalt grit from Strzegom-Geana, €) 4-8 mm basalt grit
from Strzegom-Graniczna. The tap water was usetkde grouts.

The mineral aggregates were experimentally combinestder to obtain an opti-
mum aggregate composition, characterized by maxiroompactness and minimum
amount of water absorbed by the aggregate [6, 8].

2.2. Characteristics of concrete mixtures

Six concrete mixtures were made using CEM | 32&nR mineral aggregate: two
of them were control concrete mixtures of the cstiesicy S1 or S2 and with the re-
spective cement amount of 290 kd/amd 350 kg/rf)y and four of them were concrete
mixtures with SNF in an appropriate amount. Amongarete mixtures with SNF, an
appropriate amount of admixture was added to twihefn, hence the fluidity of con-
crete mixtures could increase significantly (kegpim/c constant). An appropriate
amount of water was removed from two other concreitdures, therefore an initial
consistency of concrete mixture could be susta(aedecrease iw/c value) and the
amount of water removed from grouts was substitfibechn appropriate amount of

Table 1. The composition and characteristics otoete mixtures with superplasticizer SNF
(CEM 1 32,5 R and mineral aggregate)

Code of | Amount [ Amount | Amount of | Amount of
concrete| of SNF |of cemeny waterW | aggregate| wic
mixture [%] |Clkg/m¥| [kg/m® | K[kg/m?

AW Slump| Density
kg, [%] | [mm] | [kg/m’]

C1 0.0 290 203 1917 0.700 - 45 2410
ClA 1.0 290 203 1894 0.710 - 150 2390
ClB 1.0 290 168 1941 0.579( 35(17.2)| 20 2402

Cc2 0.0 350 198 1855 0.567 - 30 2403
C2A 0.8 350 198 1855 0.576 170 2406

C2B 1.2 350 164 1903 0.469| 34 (17.2)| 20 2421
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aggregate content (gravels + safl)10-12. The results of the quality tests on con-
crete mixtures are shown in Table 1.

Six concrete mixtures were made using CEM | 42,§Mnite aggregate and min-
eral sand: two control mixtures of the consisteStyor S2 and the cement amount of
320 kg/ni and 380 kg/r)) additional four were modified by SNF in an appiafe
amount. The SNF modifications were obtained sinyiltw the previous case of con-
crete mixtures based on mineral aggregate (Table 2)

Table 2. The composition and characteristics otoete mixtures with superplasticizer SNF
(CEM 1425 R and granite aggregate)

Amount | Amount
comoroit] ‘of SNE | ofcoment| . Of | ofaggre-| | aw | Slmp, Densiy
mixture | [%] | Clkg/md] | LAWY | gateK kg, %] | [mm] | [kg/m’]
g [ka/m?] | [kg/m?]

C3 0.0 320 196 1879 | 0.612 — 30 | 2395
C3A 1.0 320 196 1872 | 0.622 - 150 | 2391
C3B 1.0 320 167 1912 | 0522| 31(15.8)| 30 | 2403

ca 0.0 380 204 1831 | 0537 - 50 | 2415
C4A 0.8 380 204 1821 | 0.545 - 190 | 2408
caB 1.2 380 169 1876 | 0.445| 35(17.2) | 40 | 2430

2.2.1. The changes in consistency of concrete mixguversus time

The tests were carried out on eight concrete mestufour control mixtures (C1,
C2, C3 and C4) and four modified by SNF (C1A, CZ8A and C4A) of initial con-
tents outlined in Tables 1 and 2.

The control mixtures of an initial consistency S132 according t436] were
fluidised due to adding an appropriate amount dewtp reach the consistency S3 or
S4 according t§36] expressed by the slump, sustaining the initaitent of cement.
Due to such a method the valugfe of concrete mixture changed from 0.700; 0.567;
0.612 and 0.537 t0 0.776; 0.663; 0.710 and 0.@&Aperctively.

In order to reach the same consistency as in danixtures, the modified concrete
mixtures were fluidised by adding SNF in the amooin®.8% or 1.0% by weight of
cement. Such a modification increased to a sma#ngxthew/c value of concrete
mixtures, because some amount of water was intemtitlrough adding SNF in the
form of water solution (Tables 1-2). The mixing @@mponents took place in the
laboratory concrete mixer and continued for 3 mésuBefore the consistency change
was determined, the mixture was being mixed fodditeonal minute. The change in
the consistency of control concrete mixtures vetsne was being determined till the
concrete mixture lost its fluidity, which approxited the slump of 0—20 mm.

The fluidity of concrete mixtures with superplagtér was controlled and deter-
mined in the following way: a) the first amount®NF was added together with water
to obtain the value of fluidity at the level of tHaidity of control mixture, b) when
the concrete mixture had lost its fluidity to tleeel of an initial consistency of control
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mixture, the procedure of SNF addition was beimmpated until the time the level of
fluidity similar to that from the first SNF additiovas obtained, c) the SNF was added
for the third time when the slump of concrete migtdecreased to the level of an ini-
tial consistency of a control mixture; the changeconsistency of this mixture after
the third SNF addition was being determined ti# thme when concrete mixture lost
its workability (slump of ca. 0 mm).

Together three additions contained 2% of SNF bywhight of cement. It is con-
sidered to be a safe amount of admixture, becaus®ding to the papdi?] the air-
entraining of concrete mixtures modified by supastitizer SNF does not exceed 2%
[35].

Figures 1-4 show the empirical relations betweerctincrete mixture consistency
and the time of its sustainability (slump versusej): a) for the control mixtures (C1,
C2, C3 and C4) and b) for concrete mixtures wittF§R1A, C2A, C3A and C4A),
and the time difference in adding superplasticizer.

Table 3. The time when the of fluidity of concretétures is sustained at the level of
articular consistency classes S1 — S4

The time when the fluidity of concrete mixturesisstained
Code of concrete mixture at the level of particular consistency clagsnin]

S4 S3 S2 S1

C1 0 25 120 200

C2 5 30 100 225

C3 0 15 75 240

C4 10 40 135 160

Total timetg[min] 15 110 430 825

C1A 0 130 130 75

C2A 10 110 155 80

C3A 0 15 95 120

C4A 15 70 115 85

Total timetg,,[min] 25 325 495 360

Time difference,

At =ty L[min] 10 215 65 —465

In Figures 1-4, one can find the period of tintkiring which the fluidity of a con-
crete mixture is sustained at the level of a paldicclass of consistency, from S1 to
S4. Table 3 presents those timdsr particular concrete mixtures — control and mod
fied by SNF. In addition, this table shows the ltdtmes t; andts, respectively for
control concrete mixtures and concrete mixture$ V8BNF. The last row of Table 3
gives the value of the time differendet = tg,,— tsfor a particular class of the consis-
tency of concrete mixtures.

Based on the relationships between the slump afreta mixtures with superplas-
ticizer and the time (Figures 1—-4), the mean sl@pmwas calculated for the time pe-
riod fromt = 5 minutes tilt = t,, wheret, is the time corresponding to the point of the
intersection of the slump curve and the time akie value ofS, is a proportion of
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surface between the curves to the time period,imgrnfgomt. = 5 minutes to the pe-
riod lengtht.— 5 minutes.
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Fig. 1. Correlation relationship between the cdesisy of concrete mixtures (slun§jcm]) and the time
t [min]: control concrete mixture (C1) and concretieture with superplasticizer SNF (C1A)
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Fig. 2. Correlation relationship between the comsisy of concrete mixtures (slungjcm]) and the
timet [min]: control concrete mixture (C2) and concretigtare with superplasticizer SNF (C2A)

In the case of the control concrete mixtures,vihlegies ofS, were calculated for
the same time period as in the case of modifiedrede mixtures (5 minutek). Fig-
ures 1-4 present the values of mean sldpf concrete mixtures presented in

Tables 1 and 2.
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Fig. 3. Correlation relationship between the cdesisy of concrete mixtures (slung§jcm]) and the time
t [min]: control concrete mixture (C3) and concretigtore with superplasticizer SNF (C3A)
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Fig. 4. Correlation relationship between the cdesisy of concrete mixtures (slung§jcm]) and the time
t [min]: control concrete mixture (C4) and concretigtaore with superplasticizer SNF (C4A)

2.3. Characteristics of concretes

The following properties of concretes outlined iables 1 and 2 were determined:
compressive strength, tensile splitting strengtth aater absorption after 28 days of
hardening in the laboratory conditions. The spensnased for all determinations
were cured in a climatic chamber at a temperattd8JFC (2 °C) and a relative air
humidity of 95% (x5 °C). For each type of concréte compressive strength was
determined using 6 cube specimens with a 150 mm[8&]. The average compres-
sive strength values are shown in Figures 5 aha &ddition, the dispersion of results
in the form of standard deviation was calculatede Tesults obtained are given in
Figures 5 and 6. Compressive strength classesofmretes after 28 days of harden-
ing, determined according to European Standard [88]given in Figures 5 and 6.
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Fig. 5. Compressive strength of concrete mixtugesetd on mineral aggregate

60 C40/5(

Compressive strength, fc [MPa]

C3 C3A C3B C4 C4A c4B
Concret

Fig. 6. Compressive strength of concrete mixtugesel on granite aggregate

For each type of concrete, a tensile splittingrgftie was determined using 6 cube
specimens with a 160 mm diameter and height (Baazihethod) [6, 8]. Based on the
values of the mean tensile splitting strenfgifand the mean compressive strerfgth
the values of concrete brittleness were calculated. material brittlenedsis defined
as a ratio of the mean tensile splitting strendtbomcretef,,, to the mean compressive
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strength of concreté,, Materials are considered to be brittle, whenrtfigif., <
0.125. The lower the ratik, the more brittle the material. The calculatedugal of

brittleness for different types of concretes présegnn Tables 1 and 2 are given in
Figure 7.
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Fig. 7. Brittleness of concrete
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Fig. 8. Water absorption by concrete
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Further, the water absorption was determined udithg specimens with a 100 mm
side, five for each type of concrete. The wateogtifon by concretes with character-
istics presented in Tables 4 and 5 is given infeigu

3. Discussion of the test results

In concrete mixtures containing mineral and graadgregates with SNF addition
in the amount of 1.0-1.2% by weight of the cememitent, it is possible to reduce the
amount of water by 15 to 17%, while keeping theiahiconsistency S1 or S2, ac-
cording to[43] (Tables 1-2). Through water removal, thie ratio of concrete mix-
tures decreases significantly, for example, forccetes C1, C2, C1B and C2B (Table
1), w/c ratios equal to 0.700, 0.567, 0.579 and 0.46%ews/ely. Similar changes
were observed in concretes made from granite agtgegnd CEM |1 42,5 R (Table 2).
More effective is SNF addition to concrete mixtuoesitaining larger amount of ce-
ment (Tables 1-2). In the case where concrete neigtwere made from two types of
aggregates, different amount of cement charactbbigetwo strength classes and ap-
propriate amount of superplasticizer, the invesitiga into concrete mixture worka-
bility versus time show that it is possible to atjthe fluidity of concrete mixture
during different time periods, depending on thehtedogical demands. Triple SNF
addition in the total amount of 2.0% by weight ehtent content allows the consis-
tency to be kept on a high level of fluidity (highump) according to its standard
ranging from S1 to SE36]. The periods of workability persistence at thesleaf con-
sistency S4 for control concrete mixtures and cstecwith SNF admixture are very
similar and last to 15 and 25 minutes, respectivEhe period of fluidity persistence
of four control mixtures at the level of consister®3 lasts 110 minutes. On the other
hand, when those mixtures are modified with trifldF addition, this period is as
long as 325 minutes being by 215 minutes (3h 3Bipér than that typical of control
concrete mixtures. In addition, the difference lestw the periods of workability
persistence, at the level of consistency S2, ofrobnoncrete mixtures and concrete
with SNF admixture reaches 65 minutes. The workgbg kept longer in the case of
control concrete mixtures (Table 3).

The SNF effectiveness with respect to its countamacagainst setting cement
granules is kept as long as admixture particlesable to create a protection film on
the cement surface. Some SNF particles are beiswylaed on the hydration products
and then superplasticizer access to cement isufifitient, which, in turn, results in
its workability worsening. The hydratation produetsd an ongoing process of hy-
dratation reduce the fluidity of concrete mixturds.was mentioned before, the SNF
was being added to mixtures together with the wianl®unt of water. Superplasti-
cizer was being adsorbed mainly on the dehydratgers of GA and GAF [2-7, 9.
Because cement contained relatively high per cérduch phases ass:&, 9.8%;
C4,AF, 8.2%; GA/C,AF, 1.2% and alkalies, 0.8%, the amount of SNF dpeised for
mixture fluidising was smaller than that added omeute after basics components
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were being mixedl9]. During this period, an intensive and also sheaction between
water and GA and gypsum proceeds, ettringit is formed, whideabs SNF to much
lower degree than 8. C&* and SG;ions and alkalies are being transported to the
solution and the process of their loosening isvatdid by superplasticiz¢2—7, 9.
Because of this effect, a further ettringit forroatiis retarded. During this process
a considerable amount of water is u$éd Because in our experiments the Portland
cements characterized by the properties present&dbles 1 and 2 were being used,
the workability loss observed after the first ahd second SNF addition was faster in
comparison to the workability loss after the thinaperplasticizer addition. The fact
that an initial workability was kept for a long #mafter being reproduced through the
third superplasticizer addition, could be explaifgdits significant retardation when
cement initiates its setting, when SNF is addethinamount of 2.0% by weight of
cement [12].

When making the comparison between the workabltgs of control concrete
mixtures and concrete modified by SNF (after sirfgdf addition), both having the
same slump (Figures 1-2), it can be concludedth®atvorkability within the period
of 60 minutes is lost more quickly in control mis¢s. On the other hand, in concrete
mixtures with mineral aggregate and CEM | 32,5 Bhaiit admixture, but with triple
SNF dosage, the workability loss up to the leved-e€20 mm measured with slump oc-
curs almost at the same time (7 h).

A workability loss observed in the case of concratetures prepared with CEM |
42,5 R is higher than that for concrete with CEBR|5 R (Figures 1-4). This is asso-
ciated mainly with the specific surface of thosedars and the cement fraction in con-
crete mixtures.

The concrete mixtures made from cement CEM | 32B& mineral aggregate and
from cement CEM | 42,4R and granite aggregate hagacterized by similar periods
of fluidity persistence at respective consistereels: a) S3 — 55 and 55 minutes, b)
S2 — 120 and 110 minutes and c) S1 — 425 and 400tesi. Concrete mixtures made
from granite aggregate lose their fluidity slightjuicker in comparison to concrete
mixtures from mineral aggregate which is associatgd the impact of these aggre-
gate on workability worsening [2—3]. The periodscohsistency persistence depend
also on the amount of Portland cement: if largeoam of binder is used, those peri-
ods are becoming longer for the mixtures made fgoamite aggregate and shorter for
the mixtures from mineral aggregate (Table 3 agiféis 1-4).

The values of the paramet®y calculated for concrete mixtures made from mineral
aggregate and modified with SNF (C1A and C2A) agpectively by 67 and 59%
higher compared to these for control mixtures (@8l £€2). On the other hand, for
control concrete mixtures (C3 and C4) and conongtk the fraction of SNF (C3A
and C4A) prepared with granite aggregate, the gabfi@verage slump are very simi-
lar (Figures 1-4).

In the author’s opinion, independently of the wdiikty loss after sequential su-
perplasticizer SNF addition, we can use the pamnggtfor estimating the effective-
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ness of multiple SNF dosage with respect to a tdgel of concrete mixtures’ fluidity
versus time: a) when this parameter reaches siwdares for control mixtures and
those with SNF, the modification by superplasticizan be treated as not very effec-
tive, which is the case of concrete mixtures madmfgranite aggregate (Figures 3—4
and Table 3), b) when the values of the paranttare significantly higher for con-
crete mixtures with superplasticizer in comparisorthese for control concrete mix-
tures, the modification with superplasticizer cantbeated as effective, which has
been proved by the investigations carried out witheral aggregate (Figures 1-2 and
Table 3).

Double and sequential superplasticizer additiorcdncrete mixtures containing
granite aggregate should be made more preciseltertdirectly before building in
and the process of consolidation in the constractio

The results of compressive strength determinatfigu¢es 5 and 6) testify to
a significant SNF influence on the compressivengfite after 28 days of hardening.
Because of water reduction through plasticisingafiof admixtures and sustaining
the control consistency, the concretes’ compresstuwength increases (C1B, C2B,
C3B and C4B) in comparison to strength of contamaete (C1, C2, C3 and C4). The
control concretes reached, according to stanfla8d compressive strength classes:
C16/26:=C20/25, C25/30, C25/3@30/37 and C30/37, respectively, while modified
concretes obtained much higher classes: C30/37504030/37 and C40/50, respec-
tively. A high increase observed in compressiversjth of concretes with SNF is as-
sociated mainly withw/c reduction (Tables 1, 2). Single SNF dosage in @miate
amount (Tables 1, 2) in order to fluidize concretixtures increases/c to a small
degree in comparison to control mixtures and resaltcompressive strength resis-
tance at the same level both for modified and obrdoncretes (Figures 5, 6). The
compressive strength of concretes made from camaengttures diluted with water
and with the same slump as that of mixtures flediwith appropriate amount of SNF
was not determined. Control concrete mixtures wexeful only for estimating the
SNF impact on workability changes in the functidrtime. It is obvious that control
concretes made from concrete mixtures characteliyegkry highw/c ratio will have
low technical parameters, but concretes with suastipizer have lowew/c ratio and
therefore much higher compressive strength.

SNF added to concrete mixtures in order to fluidie=m and to reduce the amount
of water increases brittleness of concrete (Figiré\ bigger influence of superplasti-
cizer on the brittleness of concrete was obsermedoncretes made from concrete
mixtures with the reduced amount of water and thesistency of control concrete
mixtures. Moreover, it was found that brittlene$cancrete after 28 days of harden-
ing in laboratory conditions was more effective wiyganite aggregate was used than
when mineral aggregate was ad{&d

The water absorption of control concretes and aiasrmodified by SNF is simi-
lar (Figure 8). If superplasticizer is introducexoi concrete mixtures simultaneously
with the removal of an appropriate amount of watérich preserves their initial con-



The possibility of adjusting concrete mixturesidity 49

sistency, the water absorptidg, decreases by 9 to 14% relative to the water absorp
tion of nonmodifical concrete mixtures (Tables 1-Ih)is is mainly due to a reduction
of the mixtures'w/c brought about by adding superplasticizer. Accaydm standard
[35], the water absorption by concrete should rohigher than: a) 5% for concretes
exposed to environmental action, b) 9% for coneretetected against environmental
action.

Analysed concretes based on mineral and graniteeggtgs with cement content
of 320-380 kg/msatisfy standard requiremerj&5] with regard to water absorption
and both types of conditions. Of concretes whoseec content is 290 kgArand
which are based on mineral aggregate, only concéf® with reduced amount of
water (decrease iw/c ratio caused by superplasticizer addition) me&adsrd re-
quirementg35]. These results are of great importance for coaarséd in water con-
ditions and temperature variability [36].

Collepardi [30] summarizes the research in tha fadlsuperplasticizers SNF, SMF
and based on polycarboxylates PC. He describemfilvence of material and tech-
nological factors on the rate of slump loss andyses the progress in slump retention
on an adequate level. As the author of this pageo, Collepardi [30] indicates many
problems associated with the usage of differenesalasticizers. Slump loss is one of
the most serious problems for ready-mixed conadretastries. When a concrete mix
must be transported for a long time, an initiahghulevel should be kept to avoid the
redosing of concrete with the water content abalkzelow that required for the mix
design. However, slump loss cannot be avoided Isecatithe intrinsic requirement
for cement mixes which should set and harden ielatively short time. Therefore, a
right and proper solution would be a zero-slumslosncrete mix for about one hour.
By using superplasticizers based on SNF or SMFmelg it is not easy to achieve
this target, because in general slump loss is gréatsuperplasticized concrete with
respect to the corresponding plain mix at givetighslump. The cement content as
well as the chemical and mineralogical composittbisement play an important role
in determining such a singular slump loss althotlgh detailed mechanism is not
clear: it seems that the content ofACgypsum and alkalies as well as the form of
calcium sulfate used as set regulator can affextrdbe of slump loss. On the other
hand, PC-based superplasticizer acts as both aredmte superplasticizer and
a slump loss reducing agent, and appears to beeffective than that based on SNF.

4. Summary

From the tests carried out on material cement wutperplasticizer SNF the fol-
lowing conclusions can be drawn:

1. SNF introduction to concrete mixtures based on rainend granite aggregates
in the amount of 1.0-1.2 % by weight of the ceneamitent allows us to reduce water
content by 16 to 17 % while sustaining the consisteof control concrete mixture.
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2. Triple superplasticizer addition allows us to atljamgnificantly the concrete
mixtures’ fluidity and to preserve the consisteatyhe level of S3 and S2 for 240 and
285 minutes when mineral aggregate and CEM | 32&Rused, and for 85 and 220
minutes when granite aggregate and CEM | 42,5Rised. The time when consisten-
cies S3 and S2 are sustained in control concreteiras is 55 and 220 minutes and 55
and 210 minutes, respectively. Especially long tiofefluidity preservation is ob-
served for the concrete mixtures with SNF at thesitency level S3 (slump from
110 to 150 mm). The quicker fluidity loss was fouod concrete mixtures not modi-
fied and modified by superplasticizer SNF, madenfraineral and granite aggregates
and containing greater amount of cement, i.e., &% 380 kg/r) in comparison to
concrete mixtures with cement content of 290 anf Rg/nT, respectively. The
quicker workability loss of concrete mixtures wBINF after its first and second dos-
age is associated mainly with relatively high cohtef GA and GAF phases and al-
kalies. Therefore, the slower fluidity loss of cogte mixtures modified by superplas-
ticizer SNF can be expected to occur when cemeiits law content of GA and
C,AF are used or when admixture is added with cer@iardation, for example, one
minute after initialising the process of mixing ltasomponent§1-2, 5, 6, 9. After
the third SNF addition the workability of concretextures is sustained for longer,
which is associated with the fact that superplesticretards the setting time of Port-
land cements. The superplasticizer should be adubed precisely, better directly be-
fore in building and the process of consolidatiothie construction.

The straight lines and logarithmic curves are adg@presentation of the relation-
ship between mixture consistency and the time ebreelation coefficient of 0.94—
1.00. The author proposes to use the paranigteran average slump — as the estima-
tion of multiple SNF dosage’s effectiveness withpect to the high level of concrete
mixtures’ fluidity in the function of time.

3. It is recommended to produce the concrete mixtwtsa reduced cement con-
tent in 1 ni of the mixture to minimize the unfavourable infhce of increased &
content on quicker slump loss. It can be obtaitedugh the substitution of certain
amount of cement for fly ash, which is highlighiadstandard36]. It is obvious that
such a treatment, which on the one hand increasesate mixtures workability, on
the other one, cannot decrease the technical pteemahich have to be sustained
when material is exploited in engineering constouns.

4. In modern ready-mixed concrete plants, it is pdesib use superplasticizers
SNF which allows certain retardation after mixingsic components. In author’s
opinion the time of superplasticizer addition sldobe determined in previous ex-
periments in consistency versus time, while taling account mainly: a) the content
of phases @\, C,AF, alkalies and gypsum in cement, b) the amoureaient in 1 rh
of concrete, the type of aggregate (working recge] the value ofv/c ratio, c) ex-
pected time of concrete mixture’s transportatiobudding place, depending on envi-
ronment temperature, d) the possibility of addif=Sn an appropriate amount to the
concrete in truck concrete mixer, which allows digation of concrete mixture, sus-



The possibility of adjusting concrete mixturesidity 51

taining it at this level during the period of itspply and consolidation in construction.
It is also necessary to compare economical effestigs of production cost of T wf
concrete to ensure the assumed level of concrettumais workability during engi-
neering construction forming.

5. Superplasticizer added to concrete mixtures inroradluidize them does not
influence the water absorption. SNF addition anthatsame time water reduction in
concrete mixtures and sustainability of the initiahsistency level decrease water ab-
sorption by concrete by 9 to 14% relative to cdntancrete mixtures. The decrease
of water absorption can significantly change theetyf concrete exploitation, de-
pending on the exposure classes to environmertiahacatmospheric conditions and
changeable temperatures.

6. The modification of concrete mixtures by superptétr allows us to reduce
the amount of mixing water and to decreases samiflyw/c ratio, which in turn im-
proves the compressive strength after 28 days mfehing in comparison to control
concretes: a) when mineral aggregate and CEM | B2a&Be used by 45 to 49%, b)
when granite aggregate and CEM 1 42,5 R are udsd16 to 25%. As a result @f/ic
decrease in concrete mixtures with SNF, the comspresstrength after 28 days of
hardening increases significantly in comparisosttength of control concretes. The
compressive strength of modified concretes is frbmo 3 compressive strength
classes higher than that of concretes without SNte addition of superplasticizer
SNF in the amount of 0.8-1.0% by weight of cemelmicv is responsible for concrete
mixture fluidisation, with smalw/c change, allows us to sustain the compressive
strength after 28 days of hardening at the levebaotrol concrete strength.

7. The SNF addition to concrete mixtures in ordedualize them and make them
water safe increases the brittleness of concretseter, bigger influence is observed
in concretes containing a smaller amount of water.
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Mozliwosci regulacji ciektosci mieszanek betonowych
przez zastosowanie superplastyfikatora SNF

Jednn z wad superplastyfiaktoréw jest szybka utrata ialabsci mieszanek betonowych
modyfikowanych domieszkami tego rodzaju. Przedsiawistan wiedzy w zakresie efektéw
zwiazanych z mechanizmem i sposobem wprowadzenia dapsyiikatora SNF do tworzyw
cementowych. W pracy opisano badania wlasne auttysy zajmowat si ciekloscia miesza-
nek betonowych w funkcji czasu oraz zmjamtasciwosci technicznych betonu podczas 3-
krotnego dozowania superplastyfikatora typu SNFspgekymenty przeprowadzono dla dwéch
rodzajow kruszyw: mineralnego i granitowego oramertéw portlandzkich CEM | 32,5 R
i CEM 1 42,5 R. Opieragc sk na wynikach bada stwierdzono istotny wptyw SNF na upla-
stycznienie tworzyw cementowych. Dodanie superpfiésttora w trzech porcjach adznej
ilosci 2.0% pozwala reguloweciektas¢ mieszanek betonowych i utrzymyéva na poziomie
konsystencji cieklej i pétciektej. Mieszanki betam® kontrolne i modyfikowane SNF szybciej
przestag byc¢ ciekle, gdy zawieraj wiecej cementu, co jest zgaane z miatkécia, skladem
mineralogicznym cementu oraz rodzajem kruszyw.

Autor proponuje wykorzystaparametiS,, (sredni opad stika) w ocenie efektywrigi do-
dawania superplastyfikatora SNF i zachowania wygoliabialnéci mieszanek betonowych
w funkcji czasu. Modyfikacja mieszanek betonowycalperplastyfikatorem, aby obiyi¢ w
nich zawarté¢ wody (zmniejszy w/c), podwysza ich wytrzymaka na $ciskanie od 1 do
3 klas w poréwnaniu z wytrzymaicia betonéw kontrolnych. Ta modyfikacja istotnie atai
nasikliwo$¢ betondw. Dodanie superplastyfikatora gegiza kruché betondw.
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In this paper, the problem of the kinematics andaaiyics of two constructional conceptions of a two-
wheeled mobile robot is considered. The wheeledilmabbot subjected to nonholonomic constraints
moves over the inclined plane. Its trajectory cstirsg of the straight line and the curvilinear path
described by the sinusoidal function is analyzdte Kinematic equations for arbitrarily chosen paiht
the system are derived by using classical equatbmsechanics. Kinematic and dynamic parameters of
motion from the solution of inverse kinematic anghamic problem are obtained. Simulation results are
presented to illustrate the efficiency of the apgio

Keywords:mobile robot, nonholonomic constraints, kinematid @ynamic modelling, Lagrange’s equations

1. Introduction

The problems concerning kinematics, dynamics amdrabof wheeled mobile ro-
bots gain more and more attention. This resultsiypdiom the fact that wheeled mo-
bile robots are very often used in industry, esgcivhere the contribution of an op-
erator to some technological processes is not remed. The mobile robot under
investigation is a system which rolls on convergionheels and is subjected to non-
holonomic constrains. Fundamental theory of nontnmeic systems is developed in
a number of monographs by, for example, Gutowski lNejmark and Fufajev [2].
The kinematic modelling of mobile robots is invgated by many researchers. The
problem of the kinematics of a two-wheeled mobdbat is analyzed in [3-6, 8-10].
In [6, 8, 9], a natural orthogonal complement iplagal to a wheeled mobile robot.
The problem of motion of the mobile robot along thevilinear trajectory is dis-
cussed in the paper [10], excluding the kinematdfdsracket and caster wheel. In pa-
pers [3, 4], the kinematics of this system usiragsical equations of mechanics is de-
scribed, including the kinematics of bracket anst&awheel. The problem of the dy-
namics of a mobile robot is considered in papers6[48, 11]. In papers [6, 8],
a natural orthogonal complement is applied to aeldtemobile robot. The problem of
neural modelling of the mobile robot is discussegaper [11], excluding the dynam-
ics of a bracket and a caster wheel. In papertid,dynamics of this system using
classical equations of mechanics is described. Jdgier continues the recentthor’s
investigations concerning the kinematics and dyoaraf mobile robots [3-5, 10, 11].
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The present paper is organized as follows. Settiondescribes the mobile robot
system under study. In sections three and fourkitmematics of a two-wheeled mo-
bile robot is studied. In section five, the dynasnaf the mobile robot is analyzed.
Section six presents some simulation results, antion seven gives some concluding
remarks.

2. Model of the system

An assumed model of the mobile robot is presemdeigure 1. The basic units of
the model are as follows: frame 4, driving and sbgewheels 1 and 2, and bracket
with caster wheel 3. Wheels 1 and 2, mounted orshiadts, are driven separately by
two electric motors. Wheels rotate about their awdgse positions are invariable in
relation to the frame. The third wheel is mountadaaotary bracket. In the modelling
of the mobile robot system, the following assummptiare adopted:

» There is no slipping between the wheel and the flio®., rolling contact is main-
tained.

» The vehicle cannot move sideways to maintain thabnomic constraint.

» The motion of the mobile robot is confined to thangxy.

Paper [7] presents the specifications and contfalse mobile robot shown below.

The coordinatesr,, a,, anda, are the angles of rotation of wheels 1, 2, aneé-3,

spectively. The angle of rotation of the formativbeel 1z is denoted byr . The an-
gle S is the angle of instantaneous angular displaceoférame 4.

X
Fig. 1. The two-wheeled mobile robot

The angley is the angle between the longitudinal symmetrys afithe chassis
and the bracket. The following elemeritsl,, I, 15, |, are the lengths, and, r,,



Kinematics and dynamics of some selected two-wheelbilennobots 57

r, are the radii defined in Figure 1. The radiuss the radius of the formative wheel

1z . The pointA is a characteristic point of the frame and thenpof intersection of
the frame longitudinal symmetry axis with the agigotation of wheels 1 and 2. The
pointsB, C, andF are the centres of masses of wheels 1, 2, anekspectively. The
point S is the centre of mass of chassis 4. The pbDiris the connection point of
bracket 3 and frame 4.

The position and orientation of the mobile robat described by seven coordi-
nates: x,, Y,— the Cartesian coordinates of the pawta,, a,, a;, B, ¢ — the
angle coordinates.

The mobile robot constitutes a nonholonomic playstem. If no slipping and no
sideway motions are assumed, the mobile robotwasliegrees of freedom only. One
can choose the angles of driving wheels as gemedakoordinates for the conven-
ience of control design. The objective of the kiagimanalysis of the mobile robot is
to derive the kinematic parameters of the systetarins of generalized coordinates.

In the present paper, two conceptions of the coastmal schemes of this kind of
robot are analyzed. When the cerfref mass is situated behind the axis of wheels
1 and 2 (see Figure 2a), we deal with the so-callediging system [4]. When the
point Sis situated before the axis of wheels 1 and 2 Esgere 2b), we deal with the
so-called propelling system [4].

Fig. 2. Schematic diagrams of the two-wheeled neotnibot

3. Kinematics of the dragging system

The robot under consideration is moved on the pl&he chassis and the bracket
with the caster wheel undergo planar motion. THeowy distribution of characteris-
tic points of the system is displayed in Figure 3.

The pointE is an instantaneous centre of chassis 4, anddin¢ @ is the instanta-
neous centre of the bracket.

According to the nonholonomic constraints and rippgig condition, the robot
has to move in the direction of the symmetry aixés;
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X5 =V, COSB, Y, =V,Sing, (1)

wherev, is the velocity of the poim. Likewise, the bracket has to move in the direc-
tion of the symmetry axis, i.e.:

Xe =Vg COS(B=¢), Ve =Vesin(B-y), (2)

where v is the velocity of the poirff (see Figures 1 and 3), and,(yg) are the co-
ordinates of the poirf given directly by:

Xe =Xp —lcosB -l cos(B-¢), Ve =Ya-IsinB-l sin(B-y). )

Fig. 3. The velocity distribution of the system

From Equations (1) — (3), the angular velocity loé tbracket with respect to the
chassis is determined [4]:

wzli[,ﬁ"(l cos¢/+l4)—vAsint//]. (4)

Taking into account kinematic equations for thenpsi8, C, andF, the angular veloci-
ties of wheels 1, 2, and 3 are given by [4]:
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v, c_Vy ol . _V 5l o
a=2+pL,  a,=-A-pL a, =—2cosy + S—siny. ®)
r r r r I3 3

Taking into account the velocity distribution fdret pointsA, B, andC (Figure 3) and
Equation (5), the angular velocity of formative whéz is expressed by:

a=2 (@ a) (6)

4. Kinematics of the propelling system

The other system is the so-called propelling systekewise, the chassis and the
bracket with the caster wheel undergo planar mofitre velocity distribution of the
characteristic points of the system is shown inuFegl.

y“E

Fig. 4. The velocity distribution of the system

The corresponding formulae describing the kinersaticpropelling system are as
follows [4]:

Xz =Vg COS(B+¢),  Yr =Vesin(B+y), (7

X =X, +1COSB-1,COS(B+W), Ve =y, +IsinB-l,sin(B+y), ®

@ =B cosp =1,) v, sing] (©)
4
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g=Ya_pgh g Vayph g S Vacogss gl sing. (10)
r r r r s ry
5. Dynamics of the mobile robot

In this section, the dynamics of constructionalesobs is described based on clas-

sical equations of mechanics; the dynamics of theket and the caster wheel is ex-
cluded. The motion of the robot is considered mphanexy inclined to the horizon-

tal planex,y,, wherey is the angle of inclination of the motion planég(ie 5).

z | 20

Yo

% %

Fig. 5. The motion plane of the system

The mathematical model of the mobile robot descdribg n generalized coordi-
nates grouped together in the vectprand subjected t® <n nonholonomic con-
straints is derived. The formulation of the mod€Elirderest is based on Lagrange’s
equations for constrained mechanical systems.

Lagrange’s equations of the system at hand haviothe[1, 2, 6]:

d(9E) OE oV r
AEN-E LY -+ 3T (g, 11
dt(aqj o o Q+J (q) (11)

whereE = E(q,q) is the kinetic energy of the syste, is the Newtonian potential of
the system,Q is the vector of generalized forcelg) is the matrix associated with
the constraintsq is the vector of generalized coordinatgsis the vector of general-

ized velocities, A is the vector of the Lagrange multipliers, andgbperscripT is the
transpose of a matrix operator.

The matrixJ(q) is obtained from the equations of kinematic cansts in terms of
generalized velocities, i.e., [1, 2, 6]:

J(@)g=0. (12)
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5.1. Dynamics of the dragging system

The position and orientation of the mobile robotlaging the bracket with the
caster wheel are described by the following veofayeneralized coordinates:

q=[Xa,Ya: Bt (13)

As is mentioned earlier, the mobile robot has twgrdes of freedom only. There are
two nonholonomic constraints. From Equation (1E)rtiratrixJ(q) is given by:

{1 0 0 -rcosp
J(Q){o 10 —rsinﬂ} (14)

wherer =1, =r,.
It is shown that the kinetic energy of the draggggtem takes the form [3, 5]:

1 . 1 ) e
E = (my +m, +m, )5+ = (my+m, +m, )32 + (my - m, )l.f(x,coss
+yASInﬁ)+m4|2ﬂ(XAS|nﬂ_yACOSB)+(IZl_Izz)hlaﬁ-l-i(lzl-l-Izz)hl.zﬂz
+%(rnl.|12+rnZ|12+m4|22+|x1+|x2+|z4)182+%(|21+|22)d21 (15)

where m;, m,, m, are the masses of members of the system,l,,, 1, |, 1,4
are the inertia moments of movable members of yseem, h, =1, /r is a nondimen-

sional parameter.
Gravitation potential of the dragging system is:

V =(m +m, +m,) gsinyx, —m,gl,sinycoss+[(m +m,)r + mh;] gcosy,  (16)

where hg is the distance between the centre of inertiathadnotion plane of the ro-

bot, g is the acceleration due to gravity.
The vector of unconstrained generalized force$vismgby:

0
0
(Ml_MZ_N1f1+N2f2)hl
M1+M2_N1f1_N2f2

T= : a7
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where M,, M, are the driving torquesN,, N, are the axial forces acting on the
wheels, f,, f, are the coefficients of rolling friction.

When the robot motion over the inclined plane @ired, the value of the resisting
force depends on the robot orientation on the mqtlanexy. The axial forces are ex-
pressed by [4]:

N, = N{(l—ll—z} cosy - thiny(Ilsin,B+|—100$,8H,
1
N, = NOK1—|I—ZJCOSV+ hssin;{%sinﬁ—%cosﬂﬂ,

where N, = 05(m, +m, +m,)g.

Taking into account Equations (14)—(17), Lagrangejgations (11) for this model
are as follows:

(18)

myl,/sing +(2m +m,) riicosp +myl, f%cosp — (2m,+m,) ra fsing
+(m +m, +my)gsiny =1,
-myl, fcosp +(2m, +m,)rasing +myl, A%sing +(2m, +m,) rafcosp = i,
@ml2+m,l2+21 ,+21 ,h?+1,,) f—myl,raf +m,gl,sinysing (19)
=(M; =M, =N, f; +N; )hy,

(2m, +m, +£2|21)r2<3£+m4lzr,82 +(m, +m, +m,) gr sinycosp
r
=M;+M,-N;f; =N, f,,
where A, ,A, are the Lagrange multipliers.
5.2. Dynamics of the propelling system

Likewise, the position and orientation of the mebibbot are described by the vec-
tor of generalized coordinates:

q=[Xa, Ya, B,a]". (20)

The kinetic energy of the propelling system takesform:
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E =%(m1+m2 +m4)xf\+%(ml+ m, +m,) Y2 + m,l, B(-x,sinB + y, cosp)

1 . 1 : 1 .
+E(Izl+|22) h.'l.2132+§(m1|12+m2|12+m4|22+|x1+Ix2+|z4)ﬂ2+z(|zl+|22)a2' (21)

Gravitation potential for this system is expresisgd

V =(m, +m, +m,) gsinyx, +m,gl,sinycosf+[(m, +m,)r +m,hg] gcosy. (22)

The vector of unconstrained generalized force$vismgby:

0
0
(_M1+M2+N1f1_N2f2)hl ’
My +M; =N f, =N, f,

7=

where the resisting forces are:

N, = N{(l—ll—z} cosy + hg siny{%sin,@ﬂ—%osﬁﬂ,
1
N, = N{(l—ll—zj cosy - hssin{llsinﬁ—l—lcosﬂﬂ.

Lagrange’s equations (11) for this case are writtehe form:

—-m,l, Asing +(2m, + m,) réicosp —m,l, fZcosp - (2m, +m,) ra fsing
+(my, +m, +m,) gsiny =4,

m,l, fcoss +(2m, +m,)réasing —m,l, A%sing +(2m, +m,) rafcosp = A,,

(2myl2+m, 12 +21  +21 02 +1,,) f+m,lraf—m,gl,sinysing
=(=M;+M, +N; f, =N, f,)hy,

(2m1+m4 +£2I21J r2a—m,l,r f%+(m +m, +m,)grsiny coss

r

=M, +M, - N, f, - N, f,.

(23)

(24)

(25)
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6. Simulation

In this section, simulation results of inverse kivaic and dynamic problem using
the systems suggested earlier are presented. Cengnulation makes it possible to
find the solution for the system of Equations (8), (9), (10), (19) and (25), and then
to determine the kinematic and dynamic parametensotion being of our interest. In
the first step, the problem of inverse kinematisealized. Considering the problem
of inverse dynamics, we obtain the required tim&dnies of motion parameters as
a result of solving inverse kinematics problem. Bobheme of executed process is
shown in Figure 6.

Trajectory |=»{ Inverse kinematicg—» Parameterg=»| Inverse dynamicy Parameterg

Fig. 6. The scheme of the problem of inverse dyeami

It is assumed that the poit (the dragging system) or the poiHt, (the propel-

ling system) moves along the trajectory that caasi$ straight lines and sinusoidal
path of the amplitudé, = 1 [m] and the periotl = 2.45 [m] described by the follow-
ing function:

Yu = Ay Sinwx, , (26)
where w=2x/L.

0.34[m]

0.84 [m]
5.53 [m]

0.76 [m]

take-off run, braking
0.4 [m]

straight motion

steady motion

Fig. 7. The assigned trajectory of characteristimpH (Hp) of the system

The motion phases, i.e.: take-off run, steady nmotinod braking, are analyzed. The
parameters characterizing the mobile robot usedaiculations are shown in the
Table.



Kinematics and dynamics of some selected two-wheelbilennobots 65

Table. Parameters characterizing the two-wheeldnilenmobot

m, [kg] m, [kg] Lo [kg-m?] 1 [kg-m?] |24 [kg-m?] No [N]
1.5 5.67 0.00255 0.0051 0.154 43.35
fy [m] | [m]  [m] I [m] s [m] L4 [m]
0.01 0.217 0.163 0.07 0.133 0.025
I's [m] r_[m] rs[m] hs[m]
0.27 0.0825 0.035 0.1

In this table,l; = AH .1t is assumed that, = f, and m, =m,. The velocityv, of

the pointA equal to 0.3 m/s is used in the calculations arassumed to be constant.
Parameters of the trajectory are selected expetainen

6.1. Inverse kinematic problem

In this subsection, the results of the inverse rkiagc problem of both systems
considered are presented. For all examples theltisteries of the parameters of mo-
tion, including angular velocities and angles dhation of wheels 1, 2, and 3 and an-
gular velocity and angle of rotation of chassissdagll as angular velocity and angle
of rotation of the bracket with respect to the si|gsare obtained by using a computer
simulation.

Parameters of motion of the dragging system agadied in Figures 8 and 9.
Substantial changes in the angular velocities wtherrobot is on the move along the
turn (upper and lower vertices of the sinusoidajetctory) are observed. When the ro-

bot over the straight line is moved, the anguldoaites £ and ¢ equalize and are
equal to null. The anglg andy are changed when the system is on the move along
the turn.

b)

- = = 7 T T 1T T T T
[m"ffs]\ \ \ \ \ \
O I D | | D R
gl [\
| | | | | |
87 7777777 -
\ R
| 0 NV
e N = =
R VA R VA I\ W
| S A 5[3]\

0

0 5 10 15 20 25 30 35

Fig. 8. Time histories of motion parameters of dn@gging system
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Fig. 9. Time histories of motion parameters ofdn@gging system

In Figures 10 and 11, the parameters of motionhef propelling system are
shown.

b)

B~ — 1 — 717 17 7|7 7 T
[radfs]
ol el L
\ \ \ \ \ \
\ \
87 7777777 -
\ \ \ \ \ \
\ £y | \ \ \ \
4| == N + =
VeV N\

0

Fig. 10. Time histories of motion parameters ofpihepelling system

Likewise, the substantial changes of kinematic p&tars when the robot is on
the move along the turn are observed. Computerlation results show that the slight
gualitative and quantitative differences betweean dhagging and propelling systems
appear. The parameters of motion are needed te sodvproblem of the inverse dy-
namics, i.e., to find the driving torques of whekland 2, respectively.
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a) b)
e I S e e R e e R A A e A B
rad] o, wlrad)s],
e ST T e L yfred]
|

150

100

50

Fig. 11. Time histories of motion parameters ofpihepelling system
6.2. Inverse dynamic problem

In this subsection, simulation results of an ineedtlgnamic problem are presented.
Computer simulation makes it possible to find tbkison for a system of Equations
(19) and (25), i.e., to determine the driving tagw@and the Lagrange multipliers. For
both systems the cases whgre /24 and y = Oare solved.

Parameters of motion of the dragging model arelalysgl in Figures 12 and 13.

a)
I T N R

H
=

d A O N A O R N W A O
:

Fig. 12. Time histories of the driving torques &ayl the Lagrange multipliers (b(y = 11:/24)

Substantial changes of the driving torques and_ttgrange multipliers when the
robot is on the move along the turn are observed.



68 S.NoGA

h A O N Bk o r N

Fig. 13. Time histories of the driving torques #ayl the Lagrange multipliers (b)y = 0)

Considerable changes in the driving torques andL#grange multipliers at the
take-off run time and braking and when the robatristhe move along the turn are
shown in Figures 12 and 13.

The parameters of motion of the propelling modeldisplayed in Figures 14 and 15.

Likewise, considerable changes in the driving tesqand the Lagrange multipliers
at the take-off run time and braking and when tit®ot is on the move along the turn
are observed.

For both cases of the systems analyzed, extremiuas/af the driving torques and
the Lagrange multipliers are higher for the prdpglisystem compared to the drag-
ging system.

Fig. 14. Time histories of the driving torques &ayl the Lagrange multipliers (b(y = 11:/24)
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Fig. 15. Time histories of the driving torques #ajl the Lagrange multipliers (b)y =  0)

7. Conclusions

Kinematic and dynamic analysis of the system iolved in the problems of in-
verse kinematics and dynamics. Motions of the draggnd propelling systems using
classical equations of mechanics are describeddimg the kinematics of the bracket
and the caster wheel.

In the present paper, the curvilinear trajectorythef point H (the dragging sys-
tem) or the pointH, (the propelling system) of the two-wheeled mobidot is

considered. The trajectory planing is an importanablem in the process of identifi-

cation in real time. Such a trajectory should hayeersistence of excitation (PE) con-
dition of the above mentioned mobile robot. On ékiger hand, the trajectory needed
should be realized by the robot.

Based on classical equation of mechanics the dwsaafithe systems analyzed is
described, including the motion over the inclinddne subjected to nonholonomic
constraints.

In an available literature, the author has not tberamples of using this method
for the analysis of the problems of inverse kindosaand dynamics of a two-wheeled
mobile robot that includes a bracket and a castexelvand moves over the inclined
plane.

Time histories of motion parameters can be utilimeglan the movement trajec-
tory system in joint variables or to solve the peat of the control of this object.

Simulation results show that the slight qualitatvel quantitative differences (with
the exception of the motion over the inclined p)dpetween the dragging and propel-
ling systems emerge.

This consideration can be applied to kinematic dydamic description of any
wheeled mobile robot model, independently of thenber of its wheels.
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Kinematyka i dynamika wybranych mobilnych robotéw dwukotowych

Opisano modelowanie wybranych rozman konstrukcyjnych mobilnego robota dwukoto-
wego oznaczonych jako uktadagniony oraz uktad najplzany. Rozwazany pojazd jest ukla-
dem z wegzami nieholonomicznymi. Analizowane przypadki, w ktérych roboty porusaagie
po powierzchni nachylonej. Dla przgych modeli koncepcyjnych rozwiano zadanie od-
wrotne kinematyki i dynamiki, zaktadgm, ze wybrane punkty pojazdéw poruszaje po torze
ztozonym z odcinkéw linii prostych i tuku w ksztatciarfkcji sinus. Zaprezentowano zate-
$ci wybranych parametrow kinematycznych i dynamicyktadéw od czasu, ktdre otrzy-
mano w wyniku numerycznego rozwania wyprowadzonych wcéaej rownai ruchu.

Z przedstawionych wynikow i metodyki pgpbwania mog korzyst& potencjalni kon-
struktorzy na etapie rozuwan koncepcyjnych w procesie projektowania tego typjapdow.
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Acoustic wavesin rubberlike layered media

S. KOSNSKI
Czestochowa University of Technology, Faculty of Cikihgineering, ul. Akademicka 3,
42-200 Czstochowa

The paper focuses on the propagation of 1-D aaoustives in an elastic isotropic material with the
elastic potential proposed by Blatz and Ko [1]. Tspecial models of materials are described by this p
tential: foamed polyurethane elastomers and saligiupethane rubbers. The problem of reflection and
transmission of 1-D acoustic waves at the intert#fdevo different media and the problem of multipde
flections in an elastic layer of finite length balga by two elastic half spaces are discussed. fehelard
procedure for the linearisation of equations ofiototvas used. This approach is based on the asgumpt
that small, time-dependent motions are superimposddrge static deformations.

Keywords: rubberlike materials, layered composites, reflection and transmission of acoustic waves, small motions
superimposed on large static deformations

1. Basic equations

The general motion to be discussed here is defiyefl). It is assumed that the
solid has been subjected to an initial static haenegus deformation with constant
principal stretches,, 1,, 43 and to a superimpossdall motionu; =u, (X,,t),i =13,

characterized by a small displacement field whighirme dependent. The final and
static deformations are very close:

X = A X +uy (X4, 1), X, = A, X5, X3 = A3 X5 +Us(Xy,1). (1)

The components of the deformation gradielR§gnd = (for static and final defor-
mation) and the components of the right Cauchy—ﬁSteesoré are as follows:

A 0 0 A 0 0 A+ 0 A,
[F]=[0 A, 0, [Fl=|0o A, 0|, [Cl=| 0 A2 o0 | )
0 0 A, y 0 A, My, 0 A

where A, = A +u (X, 1), y=ug (X,0).

The basic invariants of the right Cauchy—GreendeﬁSare
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L =trC, I2=%(If—tr(52), I, =deté 3)

and it follows from (2) and (3) that
L= A+ B+ 5402 =R+ A+ BN+ PN =Rk, )

For a compressible hyperelastic material thered®=istrain energy function repre-
sented byV = W), defined in the space of deformation gradienthgbat the nomi-
nal stress tensor ([2], [3]) is defined by

oF

If the material is isotropic
S=2WF" + 20, (1,FT ~CFT )+ 20,1 F 2, (6)

whereW =o0W/dl, , i=1,2,3.

It may be easy deduced from (2) and (6) that thezevo componentS and S of
the nominal stress tensor are given by

Sp 0 S:] . |S: O Sy

[S={ 0 s, o [g=]0 S o] ™
Su 0 Sy Su 0 Sy

where S;, ém are the components of the nominal stress tensatétic and final de-

formations, respectively, and

LW - - LW
§1=W=ZW1A1+2W2A1(/]§+)|§)+2W3/]1)|§)|§1 S_L3=a—y=2(\/\/1+W2)I§)y. (8)

1

Insertion of (8) into the differential equationsfirfite elasticity gives the non-triv-
ial equations of motion for the superimposed itéisimal displacement

11 11 I 11 11 e
U1+ AjzUgyy = PR, U111 T AggU gy = PRrUs, 9)

where
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11 _ A1 _ aZW

1 W 1 0°W
Shdihad =All=— =
A11 A13 31 6/116}/

] A - < 5|
33 ayz

A

(10)

A

and the values of the derivatives are calculatedte initial static deformation;,
i=1,2,3.

2. Constitutiverelations

The purpose of this paper was to consider the gatpen of acoustic waves in
a compressible isotropic rubberlike solids. A pyn@lechanical theory is considered.
The results are obtained for the generalized BlatkKo strain energy function [1]

w :'u_f|:|l _3+1_2V (l 3—v/(1—2v) _1)} +M|:I_2—3+ﬂ(|3v/(l—2v) _1)} (11)
2 v 2 I, v

wherely, I, andl; are the principal invariants of the deformationsirs,u andv are
respectively the shear modulus and Poisson’s fatifinitesimal deformation from
the natural reference state, and coefficfeft< f < 1 is a material constant connected
with the porosity volume of the material.

There are two special cases important to applicstithe firstf = 0 (foamed poly-
urethane rubber) and the secdre 1 (solid polyurethane rubber). It is easy to find
([4], [5]) that forf = O the value of the Poisson’s ratiovis= 0.25, and foif = 1,

v =0.47.

3. Conditionsfor propagation of acoustic waves

Now we consider independently the propagation ofuatic waves in both special
materials defined above. For solid polyurethanébeul{f = 1) the values of the de-
rivatives and the coefficients in equations of mot{(9) take the form

W, :% W,=0, W, :_g(jf/]g/]g)—u—v)/(l—zv), (12)
1%=,u 1+(/]ZAs)—Zv/(l—Zv)/H(1—v)/(1—2v)(2(1_V)/H(l—v)/(l—ZV) _]J ,
1-2v
Al=p, (13)

11 _ a1l _
3 =A5=0.
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The linearised system of equations of motion reduoetwo independent uncoupled
wave equations with the constant wave sperds;

11 11 119 Ha
=t e fa g MO A2 g A gy
Pr R R R Pr R

If the solid is not deformed~(= 1), both these speeds are equal to the speeds of in-

finitesimal longitudinal and transverse waves ibhaimded medium. The components
of the nominal stress tensor required in this pajter linearisation are

Si=Sut AUy, Sy =AU - E (A, 6],

sa =S;+ Aé;u a1, 93=0. (15)

Let us consider now in an analogous manner thensegjpecial case which follows
from (11) when foamed polyurethane rubber is medetindf = 0. The values of the
derivatives and the coefficient of the equatiores ar

W=0, W, =§(le2A3)'2,

A2+ N2+ 12024202 . /e
W3=% TR 243 % 2+(/‘1/‘2/‘3)(6V 2)/ @-2v) , (16)
(/]1/]2/‘3)
4 =1 (ev-2)/a-2v -
lll:ﬂ[B/‘l4+1_2V /qe 2)/ -2 )(/]2/]3)2v/(1 2v):|,
__H
Hoplizo

As in the previous case for 1 also in this case the linearised equationsaifan (9)
reduces to two independent uncoupled wave equatitis constant propagation
speeds. If the medium is not deformed both thesedsptake the values as previously

11 All 11 1 11 1
= et g MO Ar2u ) A p (18)

Pr R Pr R Pr Pr
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As above, only two components of the nominal sttessor are essential in this case.
The linearisation of the problem gives the followisults:

~

Su=Sut AL, Sy =HAM T E (A, 2 E - A7,

G 11 (19)
Si3 =S5+ A, S3=0.

4. Reflection and transmission of the acoustic wave at the interface

Suppose that half spaces of two different elastitenals are rigidly coupled as
shown in Figure 1. Materials on the left- and ripand sides of the interface are
special cases of the Blatz—Ko material when theerisdtcoefficientf is equal to zero
or unity, respectively. The interface between the materials is aX; = 0. In the
regionX; > 0, all functions and quantities have the tildekna

REIN
J=0 f=1
1 Sy
Mty hy. ¢
b 4203 A Ay Ay A
wy 1LV "
uy =1, (X 1), i =i (X, 1),
s = 5 (X7.1) iy =13 (X.1)
Fig. 1

We consider the linearized boundary value probl&tihe interface the continuity
conditions must complement the equations of motifotwo solids are in a rigid con-
tact, then the displacement vector and stress veutigt be continuous from one me-
dium to the other:

~ ~ ~

u=U, §=S. i=123 (20)

where U; = x — X; (comp. (1)) and the conditio!%12 = élz = i9satisfied as identity.
The initial static deformationt and /T, are different in both materials under consid-

eration. According to (20), a small wave motiomymamically admissible if and only
if the static deformations and small wave motiatisfathe following conditions:
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%125111 Ay =4, A3=I3’ (21)

WO =u,(Ot), pRCEul,l O1)= 25REL2[IL1 O1),

~ ~2~

U;0) =0, (0t),  PRCrU4 (O) = PrCFUS; (O1), (22)

where the speeds , c; andc,, C; are evaluated at the constant principal stretches
and /.f, , respectively. Based on Equation (21) it is possiblfind the relationship be-

tween initial stretched; and /Tl

S = S = AR (A, 25) 2R - 49
= {2y = AT (A Ag) ), (23)

where 4= 1,4, =/1~2/T3.

Poisson’s ratia of the foamed polyurethane rubbdr= 0) equals 0.25 [5] and for
this reason condition (23) simplifies and takesftrm

~ ) ) g Ys
A = {A +%[/11—1/(1—2v)/1—2v/(1—2v) _/]1]} . (24)

If A,=A,=1,=A1 we obtain additionally

Al — {A 2 +£[/l - (40 +1)/(1-2v) - ]} ) (25)
H

Let us consider now the conditions for small wawion (22). We assume that the
incident longitudinal wave in the left half spagk=u, (t - X,/c,_ plopagates in the
positiveX; direction (Figure 2). The interaction of the wawi¢h the interface between
the two materials gives rise to a reflected wauB = u(t+ X,/c_  prdpagating in
the negativeX; direction and a transmitted wavg =0, (t - X,/C,_ p)opagating in
the positiveX; direction.
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The superimposed displacement fields in both naltegigionsX; < 0 andX; > 0
have the form

u(x,t)=ul (t —%} +u1R[t +ﬁj X, <0,

L C

(26)
0, (x,,t) = UlT(t —é] X, >0,

Our objective is to determine the reflected anddmaitted waves in terms of the inci-
dent wave, that is we want to determine the funetig® and T;" in terms of the func-

tion u; . Using Equations (26) we can write the displacenwmdition (22) and
stress condition (22)in terms of the three functions described abowdvifg these
equations for the functions and G, we determine the reflected and transmitted
waves in terms of the incident wave ([4]):

a1+ % :(ﬁ}q X =X =[Ljul' - %) @7
C. 1+K C. C 1+K C

where we definek = Z(Z) ™ = 5 € (0 c.) ™. The term Z 5prc, is called the acous-

tic impedance of the material.

5. Numerical results

The calculations were done for the case where timuwnded region filled with
foamed polyurethane rubbef € 0) contains one layer made from solid polyure¢ghan
rubber (f = 1) of the Iengtkﬁ (Figure 3).

Some experimental results for several elastome&p@sented in [5]. We assume
the following elastic constants and densities:0.233 MPay =0.221 MPayV = 0.47,
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v=0.25 pg =911kg/m® being in agreement with the main conclusions &f paper.
The density of the foam rubber is smaller thandiesity of solid rubbepy < p; and

the elastic constantsandv can remain unchanged for modified foam rubber uneg
if the density p, varies. The calculations were made for two valokethe density

ratios pr/ Pr = 0.3 andpr/ pr = 0.9. The speeds of wave propagation in undeformed
solids in m/sec are equal ® (1) =16.02 ¢,(1) =6738, ¢;(1) =14.74, ¢, (1) =2532,
respectively.

Fig. 3

The propagation of the transverse wave only willcbasidered below in details.
The speed of such a wave in solid rubber define{lLB¥ is independent of the initial
deformations. In the foamed polyurethane rubber sdime speed defined by (18-
pends on the initial deformations.

Let us calculate now the impedance rétiof both materials connected at an inter-
face when the transverse waves propagate. Insesfig@5) into the expression for
impedance rati& gives

~ 23)%2
K=%=CPe - 4@}1‘2[52 + H(-wajean _ 3 )} . (28)
z H Pr H

This relationshigK as the function of the initial homogeneous defdiomad in rub-
ber is presented in Figure 4. The notatifgsandK,sare connected with an adequate

density ratio.
The impedances of both materials are the safgg,= 1 when the principal

stretchesd are equal to 0.995. According to (25) the princgieetch A, is equal to
0.920. IfKo5= 1, we haved = 0.964 and1,= 0.548.
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In agreement with (27), we define the reflectiirand transmissiom; coefficients
for the first interaction with the interface. These R, =uf/uy andT, =&; /u;.

~ ~ ~ 2i-3
Rlzz—;_, R o 422 (Z—ZJ |

Z+7 ' (z+2)%\z+Z
o (29)
47z (Z-z i=23..
Tzl zez j=123
3
4+
foz 4L
nis,
05 5 2

Fig. 4

It is easy to make generalization (29) about thiesalts for multiple wave interac-
tions in the layer of the lengtd (Figure 3). If the impedances of both materials are
equal, i.e.,Z =Z, there exists the transmitted wave only. The mutigflections die
rapidly away for nearly the same values of impedante.,Z = Z ltis easy to show
that the initial static deformation has importamftience on modelling and control of
wave phenomena in nonlinear elastic solids. It fiaddod for the propagation of
transverse acoustic waves and also longitudinalsiimwaves.
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Fale akustyczne w gumopodobnych osrodkach war stwowych

Przedstawiono propagacjednowymiarowych fal akustycznych we wstie odksztalco-
nym materiale Blatza—Ko. Potencjat sty opisujicy ten materiat umdiwia modelowanie
zachowania zaréwno gumy, jakztgumy piankowej. Rozpatrzono odbicie—zatamaniedtili-
stycznej na granicy dwochadych cgrodkéw oraz przypadek odbicia wielokrotnego.

Do analizy zastosowano standardopvocedug linearyzacji rowna ruchu opagt na zato-
zeniu, ze na due statyczne deformacjerodka natéone § male przemieszczenia zygane
z propagag fal.
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Development tendency for accident
situation in building industry
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A thorough analysis of the accidents in the Pdtisiding industry in years 1992—-2004 is presented.
The accident situation, if assumed to be a homagenphenomenon, is estimated based on the accident
rate of minor, serious and fatal accidents anthallaccidents jointly as well as based on the actide-
riousness index. However, the accident situationoisa homogeneous phenomenon. The frequency of
the particular kinds of accidents and their strieeithange over the years. The standardised acaiaent
(which takes into account all the kinds of accideantd their structure at the same time) is propésed
the estimation of the accident situation treated asn-homogeneous phenomenon. It is construcesd th
model of development tendency for a phenomenonrditapto the information on the accident situation
expressed by the accident rate and the accidaatiseess index in the years 1992-2004.

Keywords:building industry, accident rate, standardised accident rate, model of development tendency for accident
situation

1. Introduction

In comparison with other industries, the buildinglustry is characterized by
a high level of hazards to the life and health ofkers and a high accident rate. In re-
cent decades, the level of work safety in the Rddisilding industry has been affected
both negatively and positively. The changes astsatiith, among others, ownership
transformations had a negative effect on work gafEhe owners of start-up enter-
prises desire to reap large profits in a shortqueaf time which in many cases en-
tailed cuts in the expenditures on work safety.tkmother hand, Poland aspiring to
be a member of the EU had to meet many obligatiamsng others, to bring its law
up to the EU standards. Figures 1, 2, 3 preseradbielents in the Polish building in-
dustry in years 1992—-2004 against the backgrourtieohbove standards [1-8]. Fig-
ures 1, 2 and 3 present the total number of perggused in accidents, in serious
accidents and in fatal accidents at work in budgdindustry, respectively. According
to Figures 1, 2, 3 the number of persons injuredceidents at work shows a down-
ward tendency in the succeeding years.

The above results are not reliable enough for aecbestimation of the level of
work safety and for taking some preventive measiiesiever they might be the ba-
sis for further analysis. The histograms presemeeigures 1, 2, 3 do not show, for
example, how often the accidents of persons happiest, is the level of accident seri-
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ousness and what kind of development tendencydcident situation is in building
industry now. There is no model to estimate thrsdéncy based on bibliography.
Therefore such a model was presented in this euticl
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Fig. 1. A total number of persons injured in acoideat work in building industry
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Fig. 2. The number of persons injured in sericgdents at work in building industry

Until now in bibliography the accident situationshideen estimated as a homoge-
neous phenomenon using the standardised accidenofraotal, minor, serious and
fatal accidents and the accident seriousness ifiddx However, in reality, this ap-
proach is wrong, therefore the author has assuh@dite accident situation is a non-
homogeneous phenomenon.
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Fig. 3. The number of persons injured in fatal dents at work in building industry

2. Therates of accident situation

Accident situation is a negative and undesirabtioence. Therefore, the estima-
tion of an accident situation is considered to hery important process in receiving
information/data. It informs us about the presdhiation and enables the present
data/information to be compared to the previoussoAe@lditionally it gives the rea-
sons for reduction of the number of accidents.

2.1. Accident situation as a homogeneous phenomenon

The accident rates and the accident seriousness ard very useful for the analy-
sis of accident situation as a homogeneous pheram{&h

The accident rat®V, 1000 provide us with information about the level of dual
risk of loss of life or health at work during a Worg process. The accident rate is
usually a ratio of the number of people injurecagtidents to the number of people
employed, or to the output of production or to tazard exposure time [10]. In the
analysis, presented in the article, the accidertisadescribed by relation (1) and it is
the number of persons injured in accidents at wperkl,000 employees

Lw;
W,lOOO = 7100() 1)

where:
Lw; — the number of persons injured in accidents akwo
i = 0 — the total number of all accidents,
i = 1 — the minor accidents,
i = 2 —the serious accidents,
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i = 3 —the fatal accidents,

Z — the number of employees.

One of the major consequences of accidents at igoeknployees’ absence from
work. It is measured by the accident seriousnedexinwhich is a ratio of the number
of workdays lost, as a result of the absence ofrijueed persons, to the number of all
accidents. The index is expressed by the followatgtion:

W= JZiE )

where:

ds; — the number of workdays lost as a result of tteeabe of the injured person,

i = 1 —the minor accidents,

i = 2 — the serious accidents,

j=1,..,Lw,

Lw — the total number of minor and serious accidents,

Lw= Lwy + Lws,.

One should note that the subscript is a measutbeoferiousness of only minor
and serious accidents.

2.2. Accident situation as a non-homogeneous phenomenon

The accident situation is not a homogeneous phemomerlhe frequency of the
particular kinds of accidents and their structuagehchanged over the years. For this
reason the standardised accident rate, which tkéise kinds of accidents and their
structure into account at the same time, is praposerder to estimate of the accident
situation[10, 11]. An algorithm for calculating this ratepsoposed below. The algo-
rithm is based on the following assumptions:

Assumptions:

1. Accidents at work are divided into 3 generic groupinor accidents, serious
accidents and fatal accidents.

2. The structure of accidents is understood as thee sifahe number of accidents
belonging to a given group in the total number afidents and it is described by the
following relations:

Lw. 3 3

S=—"  >§=L Lw=)Lw. (3)
Lw i=1 i=1

Algorithm:

1. Divide the accidents, which occurred in a considgueriod of time, into the
above 3 generic groups.
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2. Calculate the accident rates for the generic gragpsrding to relation (1).

3. Select one generic group of accidents to be thes haisthe standardisation of
the other groups; the accident rate for the selduése group is:
W, 1000=W, 1000 =123 (4)
4. Calculate for each group the so-called equilibratecident rates in relation to
the base accident rate from the relation:

Vvi ,1000

WZ, 1000 = ;o i=1,2,3 (5)

Wp,lOOO

The equilibrated accident rate means that if inlihge group one accident hap-
pened per 1,000 employees, then (for the sameeadcitiucture as the one which oc-
curred in the analysed period of time) the accidate for 1,000 employees in the
other groups would correspond to the calculatedlibrpted accident rate.

5. Calculate the equivalent values in each group eofdants. This is a number
specifying the weight of an accident in a givenugran relation to the weight of the
base accident (which is equal to unity). The abiodex is calculated from the rela-
tion:

1
Vi Wz 1000 = Vo Wy 1000 =1, hencey; =———. (6)

i,1000

6. Calculate the standarised accident rate from tlatioa:

3

Z YiWZ, 1000
= — @

The subscript in relation (7) expresses a hetemmes accident situation as regards
the structure and kind of accidents as one numiexifying the aggregate frequency
of accidents per 1,000 employees.

3. Model of development tendency and its verification

It is constructed the model of development tenddbcyaccident situation for the
period of time<t,,...,t,> including the years 1992—2004. The sequence arebgons
{(t,Wi 1),..., QWi ), ..., EnWi )} IS Obtained for the succeeding years of the queex-
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amined. They are expressed by the pair of variahjes,, where:t, denotes the
succeeding years of the period examirled, 1,..., n, andw, x denotes the level of the
phenomenon monitoreds 0, 1, 2, 35, C.

The phenomena monitored were the following:

* the accident rates: totadif), minor (), serious\,y), fatal (s ),

* the standardised accident raig ),

* the accident seriousness index ).

The trend function is a statistic form of the deyehent tendency description of
the phenomenoaxamined [13]. The general trend function is expedsby the for-
mula:

w = f () +u,, i=1,2,3s¢c (8)

where:

f,(t) — a hypothetical trend function for the phenomreno

U — a random element, which measures the accidesnétibn of the variatiomw;
from the trend line.

It is assumed that the trend function is a genewadlel of the development ten-
dency for accident situation and it has a formhefiigrade polynomial, i.e.

fi®) =0 +ot' +...+qt);  a; %0, 9)

whereg; is the parameter of thegrade polynomial.

The model of the development tendency may be pteddn the matrix form, if
there aren observations of the vector of the variabisand n observations of the
vector of the variables:

W =Ta +U,, i=1,2,3s.¢c, (10)
where:
W, | 1t t2 t)] [ai, ] fu, |
W, 1t t7 .. t) Qs Ui
V\/iz ) T= e a; = a, |, Ui: y
Wy 1t t2 ..t Ui i
Wi | 1t t t) | 14 | | Uin |
where:

W, — the vectorif] of observed values of the variablg
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T — the matrix f, j+1] of observed values of time variable,

a; — the vector [+1] of the unknown parameteds ... a;,

u; — the vectori] of random elements,, ..., U,.

The unknown parametets of the trend function are estimated accordinghi® t
least squares meth@i].

The determination index is accepted as a measwdjastment of the model to the
real values. This index informs which part of trengral variation of characteristi
is described by the model. The determination indevalculated according to [14]:

TTTY — e 2
R = anV\-/r)— n?viv\.,\;lg ,i=1,2,35.c¢, (11)

where:
n — the number of observations,

W — an average value of the matvikelements.

It is assumed that the model describes perfectdyptienomenon examined if the
calculated value of the determination index is grethat 0.9. However, if the value of
the determination index is greater than 0.8 the ghdéscribes adequately the phe-
nomenon examined.

4. Results of accident situation analysisin building industry

Based on the number of persons injured in accidgngork in building industry
and the number of employees it is estimated (agugrb formulae (1) and (2)) the
accident rate and the accident seriousness index.

The diagrams representing the changes in the valiastotal accident rate per
1,000 employees in the Polish building industry #reldtrend lines (represented by the
3-grade polynomial) are shown in Figure 4. The ®abfi the determination index is
greater than 0.83 which means that the model descriariation of the total accident
rate in 83% and can be considered as a good ometrd@ihd function has reached the
maximum value in the years 1996-1997. In the ya886-1997, we observed the
maximum accident rate per 1,000 employees in ttisiPbuilding industry. The trend
function has been decreasing during the next years.

The curve representing the values of a seriouslentrate per 1,000 employees in
the Polish building industry and the trend linesatébed also by the 3-grade polyno-
mial) are shown in Figure 5. In this case, the @adlia determination index is very
great and reaches 0.946. This means that the medielctly describes the phenome-
non examined. The trend function (which represtrgschanges in the values of a se-
rious accident rate per 1,000 employees in thesRdluilding industry) has a down-
ward tendency during the whole period examined.



88 B. HotA

16
—e—alue
14
T 13 7LJ
g 12 trend line,
T 11 i
= y=0.0122¢-03178¢ + 2 1473x+ 10.285 ¢ 2teifoele
10 e 3-grade
9 — polynomial
8 T T T T T T T T T T T T
™S D F v O I~ 0 0O QO — o o0
[s)] S O O O O O O 9o o o o o
(=] o o o O o O O o O o O (]
— — —_ - - - - (] [ I (o] (]
Year

Fig. 4. The changes in the value of a total acc¢idzte per 1,000 employees
in building industry and trend line

The changes in the value of a fatal accident ratel@00 employees in the Polish
building industry are shown in Figure 6. Accordioghe diagram, the phenomenon is
characterized by high variability during the perioidtime examined. In the case of
a fatal accident rate, we analysed a few modelthfodevelopment tendency such as:
linear function, power function, logarithmic funati, exponential function and 3, 4, 5,
6-grade polynomial. Unfortunately, the functionslgeed do not describe the devel-
opment tendency with a sufficient accuracy. Theimar value of the determination
index (equal to 0.2339) is obtained for the 6-gradg/nomial. This means that the
6-grade polynomial describes the variation in #talfaccident rates only in 24%.
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Fig. 5. The changes in the values of serious antidge per 1,000 employees
in building industry and trend line
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Fig. 6. The changes in the value of fatal accidate per 1,000 employees
in building industry and trend line

The changes in the value of accident seriousneExim the Polish building in-
dustry in the years 1992—-2004 are given in Figunhich shows that this index in the
Polish buildings industry has an upward tendenaynduthe successive years. This
proves that increasingly serious accidents takeeplehich results in an increasingly
larger number of workdays lost due to accident atesgesm. Indirectly, the above in-
dex represents also the economic losses sustasnadesult of accidents and the ef-
fectiveness of prevention aimed at ensuring wof&tgaThe development tendency is
shaped by the linear function. The determinatiaeinfor the linear function (pre-
sented in Figure 7) is equal to 0.9312, which mehasthe development tendency of
the phenomenon examined is closely modelled byuihetion.
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Fig. 7. The accident seriousness index and trerwd li
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Fig. 8. The changes in the values of standardisedient rate per 1,000 employees
in building industry and trend line

The changes in the value of standardised accidémtim the Polish building indus-
try in the years 1992—-2004, calculated accordingpéaules given in point 2, is shown
in Figure 8. The 3-grade polynomial describes aderiy the changes in the stan-
dardised accident rate. The determination index84841. The trend function reveals
a downward tendency; however, it can be noticedightsupward tendency of the
standardised accident rate in year 2003.

5. Conclusions

Up till now, in bibliography the accident situatibas been estimated as a homoge-
neous phenomenon based on the standardised accitkeof total, minor, serious and
fatal accidents and the accident seriousness indewever, in reality, the accident
situation is not a homogeneous phenomenon. Thesefor estimating the accident
situation as a nonhomogeneous phenomenon the auibyposes the standardised ac-
cident rate, which makes it easier to follow tharaes in the accident situation in
a longer period of time.

The standardised accident rate takes into accosimitaneous contribution of all
kinds of accidents to the accident situation ad aglheir structure. The value of the
standardised accident rate shows a downward tenderice years 1992—-2004, which
means that there is a continuous improvement ofaibik safety in the building in-
dustry. The above values are fully reliable toreate accurately the level of work
safety and to take some preventive measures.
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According to the above analysis thgrade polynomial is a general model of the
development tendency for the accident situatiothen Polish building industry. The
trend function, represented by this polynomial jgets the changes taking place in the
accident situation in most of the phenomena andlylsethe case of the total, serious
accident rates and the standardised accidenttrigtéhe 3-grade polynomial. The fatal
accident rate is characterized by considerabléuaions over the period examined. It
makes it impossible to find the trend function whiepresents the phenomenon ex-
amined with a sufficient accuracy. Whereas, indage of the accident seriousness in-
dex, the 1-grade polynomial is the trend functishjch describes the development
tendency of the phenomenon examined.

The model presented can be useful for forecastiegaiccident situation in the
building industry and for taking some preventiveasgres (for instance, the new law
standards).
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Tendencja rozwojowa wypadkowosci w budownictwie

Przedstawiono anakzwypadkowdci w budownictwie polskim w latach od 1992-2004.
Wypadkowd¢ jako zjawisko jednorodne oceniono na podstawieawrskOw czstasci wy-
padkow cgzkich, smiertelnych i wszystkich wypadkéwadznie oraz na podstawie wskeka
ciezkosci wypadkéw. Wypadkowdt nie jest jednak zjawiskiem jednorodnym. W kolejmyc



92 B. HotA

latach zmienia sibowiem czstas¢ poszczegoélnych rodzajéw wypadkdw i ich struktukby
ocent wypadkowdci jako zjawisko niejednorodne, zaproponowano saaygbwany wskanik
czestasci wypadkow, uwzgidniajacy jednoczesny udziat w wypadkoyed wszystkich rodza-
jow wypadkow i ich struktur. Na podstawie informacji o wypadkowad wyrazonej za po-
moca wskanikow czstasci wypadkow oraz eizkosci wypadkéw w latach 1992—-2004 zbudo-
wano model tendencji rozwojowej zjawiska.
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Opracowanie systemu wspomageggo planowanie procesow
obrobkowych metogl obiektow elementarnych

Author: Kamil Krot
Supervisor: Professor Edward Chlebus, Wroctaw University offirelogy
Promoting Council: Scientific Council of Institute of Production Engineering of Wroctaw
University of Technology
Reviewers:

ProfessorJozef Gawlik, Cracow University of Technology

ProfessorJézef Krzganowski, Professor of Wroctaw University of Tectomyt
Date of PhD thesis presentation: Septemb& 2005
PhD is available in Main Library of Wroctaw Univéysof Technology
The monograph contains: 145 pages, 96 figs, 9sablbliography: 101 items
Keywords:CAPP, process planning, features

Abstract: The aim of the monograph was to establish a freonle for automatic process-
planning system, based on recognized features sing an expert system. The system will be
designed for the planning of machining prismatidgan the basis of 3D CAD data. In the first
stage of the project includes the analysis of tpat data from a CAD system is carried out.
Then the algorithms of recognising functional camsion and technological features from
solid 3D CAD models are developed. The input moaeés stored in neutral data formants:
IGES or STEP. In the next stage, recognized featare clssified. An expert system is used to
plan manufacturing processes. The expert systeladies the following modules: inferences,
technological knowledge database, machine toolbdatand tool database. The final module
of the designed CAPP system generates output dataCL data files necessary to create
programs for NC machine tools.
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Title: Monitoring of energy dissipation in hydraulic shockbsorbers
(in Polish)
Monitorowanie rozpraszania energii w amortyzatorablgdraulicznych

Author: Wojciech Poprawski
Supervisor: Doctor Jozef Krzyanowski, Wroctaw University of Technology
Promoting Council: Scientific Council of the Insttute of Production Engineering and
Automation of Wroctaw University of Technology
Reviewers:

Professor Czestaw Cempel, Pozhéniveristy of Technology

Professor Stanistaw Piesiak, Professor of Wroctanweérsity of Technology
Date of PhD thesis presentation: Marct 22005
PhD is available in Main Library of Wroctaw Univéysof Technology
The monograph contains: 89 pages, 62 figs, 7 tabkpgraphy: 40 items
Keywords:damping, shock absorbers, condition monitoring

Abstract: On-line condition monitoring system for railwaydraulic shock absorbers is pre-
sented. The shock absorbers are used for congraltie yaw movement of the bogie, high-
speed ICE Il trains. Uncontrolled yaw (hunting) rament can cause the instability of the
bogie, which may lead to the derailment of thentrdihe hydraulic shock absorbers are the
devices widely used in automotive and railway aggilons. They are the subject of regular
servicing. The railway shock absorbers are testatld special testing rigs after dis-asseblying
from the train. The testing procedure is very egpanand time consuming and generates high
idle cost. Application of the condition monitorisgstem of the anti-yaw shock absorbers can
increase the safety and reduce the maintenance cbshe train. The train operator will be
informed about the condition of shock absorberss tthe shock absorbers will be replaced if
needed, not according to the mileage schedule tfigms deals with the condition monitoring
system for the choice of the measured variableschwdescribe the properties of shock
absorbers. The choice is based on numerical amatdadry experiments. The testing has been
performed on the dampers with simulated failurdge Performance of shock absorbers can be
described using the graphs on the phase plane,igimglthe force acting on the piston rod and
the velocity of the movement between piston andndgr. The artificial neural networks
(ANN) have been successfully applied in the infeeeangine. The thesis presents the results of
the learning of the neural networks and the resiiltalidation testing.
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Title: The usefulness of fractal analysis for assessingpetrical state of
machined surface assessmg(irt Polish)
Przydatnaé analizy fraktalnej do oceny stanu geometrycznego p
wierzchni obrobionej

Author: Marcin Wiacek
Supervisor: Professor Marek Miernik, Professor of Wroctaw Uity of Technology
Promoting Council: Scientific Council of the Insttute of Production Engineering of
Wroctaw University of Technology
Reviewers:

Professor Stanistaw Adamczak, Kielce University of Technglog

ProfessorWit Grzesik, Opole University of Technology
Date of PhD thesis presentation: February, PR05
PhD is available in Main Library of Wroctaw Univéysof Technology
The monograph contains: 128 pages, 85 figs, 7 tbkography: 98 items
Keywords:machining, surface roughness, fractal analysis

Abstract: Theoretical model of surface roughness formiagtdrs and parameters that describe
the surface geometrical state as well as the dishees in real surface after machining were
presented. The usefulness of chaotic attractorsih@v’s exponent and fractal dimensions was
evaluated in order to assess the geometrical steuaif surface after machining. Chaotic
attractors and Lapunov’s exponents were recogniadae useless for evaluating the surface
geometrical structure; however, of many definitiarisfractal dimensions the box dimension
was considered to be most useful. Experiments wenéed out in lathe. Three materials with
different properties and metallographic structuies, steel for treatment C55E, gray cast iron
EN-GJL-150 and brass CuzZn40Pb2, were turned. Thasunements of the of surface
geometrical structure were carried out on the Raaldor Hobson roughness meter model
Form Talysurf 120L. For all three materials the cfeh dimension was measured as
a function of machining parameters, i.e., feed auntling speed. Moreover, the correlation
between the values of fractal dimensions and roegghparameteiRa andRku for 2D andSa
and Sku for 3D measurements were analysed. Also comparatialysis of fractal dimension
values for all there materials was made. Cognine utilitarian conclusions as well as further
directions of investigations were given.
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Title: Method of machines diagnosing in emergency overlmagstates
(in Polish)
Metoda diagnozowania maszyn w stanach prgéet awaryjnych

Author: Marcin Kowalczyk
Supervisor: Doctor Franciszek Przystupa, Professor of Wrodmiversity of Technology
Promoting Council: Institute of Machines Design ad Operation of Wroctaw University
of Technology
Reviewers:

ProfessorAndrzej Buchacz, Silesia University of Technology

ProfessorEugeniusz Russki, Wroctaw University of Technology
Date of PhD thesis presentation: NovemeBer2805
PhD is available in Main Library of Wroctaw Univéysof Technology
The monograph contains: 147 pages, 140 figs, lgjidiohy: 69 items
Keywords:diagnoser, states of failure risk, finite element method, working machines

Abstract: The monograph deals with as the diagnostic me#issisting the operation in order to
avoid the emergency overload of machines. Thessthegt precede the failure generated by a
sudden, random and vehement mechanical loadingactsi@re considered. In the study, two
periods in which it is possible to conduct the itiferation of technical state were distin-
guished. The first one is the state of failure tiskt starts after the external impact occurrence,
and the second one is the period that precedemargency. The main part in diagnosing the
state of the machine has the diagnoser. Diagnasintpe emergency state undergoes by
conducting the numerical simulation on the modeldiafgnosis object, whiose run is being
corrected by the measurements on real object. Guhia diagnoser's model state to diagnosed
object according to the authors method occurslidiatinosing cycle and then the calculations
are continued in order to identify the technicatet Diagnosing in the time before the
emergency state may progress according to the margyonptoms, that occur in the case of
mining rocks by the bucket wheel excavators. Thiterial parameters of the method that
provided the selection of loadings boundary valuediagnoser were indicated as well as the
way of their determination based on the periodiasneements.

The study also presents an own probabilistic-datestic model of loadings for this kind of
machines.
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Title: Fungal biodeterioration in buildingg(in Polish)
Biodeterioracja pléniowa obiektéw budowlanych

Author: Barbara Rymsza
Promoting Council: Council of Civil Engineering Faaulty
Reviewers:
ProfessorKrzysztof Krajewski, Professor of Warsaw Agriculilbniversity
ProfessorZofia Zakowska, Professor of Technical University of £6d
ProfessorLechSliwowski, Wroctaw University of Technology
ProfessorAdam Latata, Opole University
Date of habilitation colloquium: Z6April, 2006
Habilitation monograph edited by Pozndniversity of Technology, 2003, is available inia
Library of Wroctaw University of Technology.
The work contains: 117 pages, 36 figs, bibliogra#28 items
Keywords:building physics, mycology, durability and strength of building, protection against
corrosion
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