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EFFECT OF FIBRE ORIENTATION ON THE
TOUGHNESS PROPERTIES OF STEEL FIBRE
REINFORCED CONCRETE

INTRODUCTION

World-wide, applicanon of fibre reinforeed composite materials are growing
vapidly due to thuie high performances, Nowaduys, lbre remnforced composites
are widely used from the space mdustry (Fibre Reinfloreald Polymers = PRU) 1o
the crvil engineering (Fibre Reinforced Conerete = FRC), Tmprovement of the
preperties of materials applying fihre reinforcement 15 nol a noew relea.
Plistorically, short [bres have been used o reinforee brittle matrices since
ancient bmes, Filnes are eltectively used o improve lensile strength in case of
PRI, toughness, ductility and impact resistance of the matnix in case of FRU (I
w10

Generally, fibres in the maimx material are placed industrially and
ariented modifferent dircctions, Theretore, Glass Remnforced Plaslivs (GRP} and
Carbon Fibre Remforced Plastics bas well defined amsotropic propertics. Skecl
fibre reinforeed comerete represents a special type of fibre reinforced composile
mulerals sinee the fibre orientation 5 random due W the mixing process of the
conerete. owever. depending on the structural element where FRO used and on
the technolopy of their conereting Hibres are oriented resulling anisatrapy.

"I'hes paper deals with an cxpurimental investigation o study the effecl of
hre aricmation o the most important properties of steel fibre reinforced
conerete namely (he toughness, [hfferent approaches are also studied 1o
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EXPERIMENTAL PROGRAM

Concrete mix

In ‘l'ahies 1 conerete smix proportions are summansed. Conerete mixes typfied
by their notations, They will be used in the following when referning to the nux @
speaimen made from. Four types of concrete muxes were desipned. FRC denotes
the “Fibre Remnloreed Conerete™. The superscript and subseripl indices denote
the content of fibre weight (75 kgfm’, 150 ket'y and the tvpe of Ghre (Dramix”
AP 305Y, respectively.

Table b Concrete compasilum mdey material |kg/m’

Sonratgn ol s Fios (ement Super Waier Fihre
aguiegates plastcizer [ Cotenl
{14 4-8 cement
nn i - ralio S
1 FRC-1 555 1036 §29 330 5052 0512 (=
2OFRC-L losG 829 3 e T T 150
T OFRC 2 pme | UMK ¥82 500 0.048  0.372 73
4 FRC-27,.., 958 7S So0 lLate 0372 150)

The mixtures conlain only line ageregates. [wo washed and elassified fine
apgregale [ractions were used, 0-4 mm sandy-pravel and 48 mm gl
factions. The maximum asgregate diamueler therefore was § mm, The concrete
mixes made of pure Portland Cement: Hungarian Portland Cement CLNM 1 52.5
(530 pe ) was wsed.

Proper warkahility was obtamed by the addition ol superplasticizer 1
order to reduse thi waler 1o cement ratio, The superplasticizer was STRAMENT-
L HIVE,

Conerete mixes were produced al the Laboratory of the Department of
Reinloreed Conerete Structures, Technical University ol Budapest, Due 1o the
strongly sonstrained capacity of the concrete mixer and the rapid hywdration of
the Portland Cemenl each test specimens were cast independently wath the same
muzture proportons.

I'he muxing process of sonerele contaiming fibre reinforcement 18 well
discussed in the hterature, Numerous publications and recommendanons have
already buen treated with this topic, In the present rescarch the mixing procedure
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starts with blendime of the fine ageregates followed by addibion of coment, Tnoall
cases the fibres were dry muxed with the asprepates and cement before adding
the water and the superplastcizer, The superplasticizer dispersed in a portion of
water (5 poured mto the muxture and finally the remaining water 14 supplicd
successively, until a pood workability 15 observed in the concrete. The redundan|
water, 1t any, 15 weighted and thus the mixing proportions have been slighily
mediFied as shown m Table 1,

During the muxing and castg as well there was no any change in
workabulity, However, in case of concrete maxes noted I'BC-2 due 1o their
rilatively higher superplasticizer content, lower energy was needed to mix and
ciusl them

Type of fibres

Mlotrilic fihres were used for all mixtares smee meny earlier studies showed
palyrner fibes does not have sigmificant effects on the structural performances
ol conerele.

Diramix™ [11] hovked-ends Gilres were applied for the mixes noted by
F s L R T p e 2 PR o e T PR o [, T
conlieuratnons and other data of the chosen (hres are summarised m Table 2

‘l'able 2: Used type of fibres and their mechanical properties

Motation Material  Shape Aspect Denstly Strength Elastic
tvpe ratin keyrimn’ 3P TR T
F"Q‘.i:’_ . - t-iTJ:/]
Dirarms™ 2P 203 Steel G TRON L Lo 204
Mamixd fibres are made with hooked ends as can be seen on Thoto 1. They are

deliverced as bundles of fibres glued together with o rapid resolved adhesive,
Sirice (ke [hres form snall plates in the mux they behave as [lat aggregates
during the mixture until the plue resodves resulting homegenous fibre dispersion.
[t was alse observable when Obves woos wlded o the dey mixture of cement and
apmregates thar the coarser apgrepales crished the plats of rlued lthres resulting
two or three staller tables giving more homopgenoes ey rstune When wates
and superplasticizer were introduced into the mix afler resolving the plue due to
the mentioned smaller plats the mux showed perfect homaogeneity withoul the so

ealled “halling e Mew™,
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since the aim of the tests was to characterise the mechunics] nroperlies
ol SIRC as stroctoral matenial, two refatively Jugh fihre dosages were
ntridduced into the misiures despite of the fibre content used in the conventional
upplications (20-40 kgfm™). 75 ky/m® (~1.0 V96) and 150 ke/m? (<2.0 V%) fibne
conlents were applied. They have already appeared i the superscripts of the
ey {Table 1),

Phota 11 Shape of [ramms® ZP 305 i g crackel seetion

Formworks and test specimens

For all concrew: compositions deluiled i1 Tahle 1 a sertes ol Tormwork were
priepared (ahle 1

Specimen and ity geometrical parmeters are swmmarised in Fiooane |
Cine of them has o size of B00=500% 100 mm and the elher one 820630280 mm,
nerted by “A™ and BT, respectively.

These geometrical dula were determined accordmyp 1o the designed
dritled spectmens and the capacity of the available tonerete mixer,

Roman numbers in the subseript “1" and “11" denote the consilered
previleps Bibre orientlion, respectively. Besides the convrcle mix praparions
and the Nhree content, filre arientation, e major experimental variable of s
ceterninmye snd characterising the mechanion! properties and characterstes ol
mi)




steel Tibre remtoreed conerete, This parameler plays an nnpottant role o the
anatiopic behaviour ol material, therelore, s quut essential in structural
analysis For this reason, the privilege Dlire orientation was systemmhieally
troduced m the material by a 14 tvpe hamdy vibrator wlhich had a diameter of
28 men, Inospeetmensdenoted TR and 117 the privilege Dbre orientation wis
perpendicalar on gach other, 1 owas formed by mesing the vibraler head anly
one darection in the speeimens noeled L7, sl respectively in 2T

Table 30 Pepe and pices ol shecimens

moalalica ol s AYo

[ bRe- . G | |
RRE=) T L 1
, TRC: '. i 1 ]
PR Y W | [
. PR | 1
COFRCSE 1 1
L FRC-2 s ]
R e ] |
STl form ormreecr st gty ol Sk S0 DO mns

"Rl e ternesen sl pernmehee al S20a b0 50

Aller o week of coneretimg A7, “I specimens were drilled out ol them,
The dalling plan 15 summirscd i Table 4,

Fronn specimen *A”, 12 prisms with the size of 240 100 106 mm ard 2
simall deep beam element with s stzev o 500070100 mm were cut out, hey
are denoted by <117 "TE" 2C17706T and, "DB-a”, respectively. In case of
prisma T sndicates thal the prism tested i umaxial dirgct tensile test while *C™
denates the compressive test, Netalion “DH-a™ notes the “s™ type deep bheam
clement, Specimens "B were divided into four porlions.

[orrmwork A Furmowank B

— | |" = —]
g , 1ih :-':: %0 mm
;E B06 Ha :. 20 mim »il |
| | ! |

v v
| LU 1 B

| L
)

Figure 1 Types ol Toroworks and ther geometry
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Three of thery wre beams with he sz peemeirical pariometers 82058
moted By tB-a, BTl BT which respeetively indwale thiee dulferent
positions i the fonwank, The tourth ore 4 deep feam specimens denoted by

DR and has o pearety o 820034 0E0 m. Test of deep heam elements
s not discuseed here

Tabled: Dodling plan of specimens related Lo one conerele composition
Metatinn ol privileg

¥ i ; L. [T.
- fibwre ricntatisn
Privilegs fibre aricniacon >k - %—P

Al [ Type ol specimen s | IR ! L 1)
Proseos (L“l-(?(l} G s el g 0 i
Crasens {0 L-T0h A T | = | =
Deep beam ([ a) .

5 I s Ll [ |t' ||

I Tpe of specime M | i =]
. bvprolspeeinen = B
Theam §T-a) ;':' l_::; J
Beam { [k |
Peam [L-c)
[eep beam | [Tl R |I'IH.-h
|= — i Il _ ]

MECHANICAL PROPERTIES OF SFRC BASED ON
EXPERIMENTS

Compressive test specimens and testing procedure

L s commen that conerele classes are ealeperised according o Tha
compressive strenpth. [no many countries, the semprossive stiength

penerally
derermined e cubes wael the geometry of LS80 130w [ 20

mm. However,
classificaton of conerete is hasied o cylinder test with the geomelry of € 150

e, 300 mm o many recommendation and national codes e, LUROCODTE-

2. CER-FIP Model ¢Code Y0 and in the Hungarian Mational Cade as well,
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Cither compressve fests related 1o concrele composition. FRC-| and
FRE-2 were carvied oul al very dillerent period after casting. For this reason and
o 1he comparine of (he resulis, their strength were ealenlated o 28 days
shength accerding to Weber [12]

As discussed before, Gef primm (240 100= LOD mim ) spoeeimens were
ditledeout of the slab element denated by “A" made [rom mixes FRC-1 and
FRO-2 i arder to study the ofliet of fibre oneatation on the behavieur of
sonerete menibers m compression

Prismatic specimiens {240+ 100100 mm) of series TRC-1 and FRO-2
were Lested by a dispiacement controllid Instron type testing machine wilh the
capacity of SH0 WN. Rate of cross head (0.2 mmimin} was chosen 50 that 1hy
displacement  controlled  test fulfilled  the nlemational - requirements s
stamidards,

Failure loud as well as stress-strain diagram was remistered 1n case ol

[ D R TS R R

Compressive strength

Teal resnlis of compressive tests are numerically summarised in Table 5 and
cranhically represented e Figure 2 and Figure 3.

{ongidering results of seres FRO T and FRO-2 010 is obviously that Dibre
pienlation effeet the compressive strenglh of congrete ndependently from the

Uile amoant asd the conerele Ty

Tuble 5 Conerete compressive sirenadh measured on 2400 LO0= 100 i prism

Wi, Malatin Sontation af spesimen Mlean  Mesn Meon
ol s 20 100 LD i prism (1, B ol
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Frgure 2: Compressive strength messured on 240% 1O0= |00 mm prisms
Fuch column represents the mean volume of i specimuens,
(Caleulaled 25 day streneth by Weber [12])

[ case of concrete mix FRC | - I Conerele strength devreased by
1.2 % refated tor FRO-=1 750 40 - When 150 ke/m® fibire content were applied

tar misture FRO-1, reduction in concerete strength was 6.2 % i case of FRO-1
| 50

spoms g related o PRO-1 ™" 00 However, constdering conerete nIx o
by FRC-Z, sigmificant effeer of [ihie priemiation was only deteeted when 150
ke'm' steel libres wore applicd. Deerease of comerete strenpth was o %l FRO-
2% e  related ws ERC e 1

As above results indicare. filres perpendicular 1o the duection of load
mione effective 1o increase commpressve shength than Mhres which are parallel o
e Toree, Reason of the ohwerved phemamens may lay in the role of filwes 1
higher tension stremgth of conerene,

Marked duerease in sompressive stength o TRO-1 and FRO? pide
with 130 kpdm? steel fibres was observed conpared wih the same SO e
cotmosition made with 75 kpdm' fikine content, This B due o the higher norasin
observed m the concrete mairix, caneerning larper visible pores upreared on e

original coterete and the drilled conerele surlaceuy wil ),
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Figure 3: Conerele compressive strength measured on 240= 1002 100 mm prisms.
Lach column represents the mean volume of 12 specunens.
(Calculated 25 day strength by Weber [12])

Failure of prisms in compression

As results and observations indicate near the failore foad, [ailure mode also
sipmificantly elfeeted by the [bre content and the libre orientalion.

Generally, specimens with 150 kgim® fibre content indicated tougher
failure than specimens with 75 kg/m’ fibre content, Considermg a given fibre
content, orentation of fibre also effects the falure mode. When the privilege
titre orientation was parallel to the axis of load, more rigid failure was observed.
A shightly plastic Twehavionr was observed aller the peak Tead when the privilege
fibre wrienlation was perpendicular to the axis of load. ITowever, failure mode
was very rigid in case of concrete composition FRC-2 independently from the
fibre content used.

Dhagonal filure was observed as common e case ol prismalic spueeireens

independently from the Bbre onentalion, ewever, The angel of Tailore surface
was different. When failure was more plastic {privilege fibre ocrientation is
perpendicular to the axis of load), the ange! of failure crack was less than that of
thcase a tigid failure, Typecal fatlure modes are presented in Photo 2.
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Fhoto 2; Tailure mode of prisms in compression
ab very ngid fualure with diagonal cracking
Iy considerably plastic Taure

TOUGHNESS PROPERTIES

Experimental program and testing procedure

One of the primary objectives of fibre addition to comercle s o mprove the
enerpry absorbing capacily of concrete, which can be delermined by caleulating
the arva under the stress-strain diagram or the load deflection relationship [13-
I6]. In the case ol hemding, the ares wnder the load-deflection curve is used to
estimate the energy-absorbing capueity o loughness of fibre remtoreed concrete.
Increased toughness means also improved performance in fabgue and impact
loading. 'T'he toughness mechanism provides ductility. The compaosite’s ability to
underpo large detormations before failure is often measured using touphness
mlees [ 13-16].

Tt iy obvious, Mhat contribution of fibres play important role n the
toughness propertios of Ohre reinforced concrete. Major lactors that affect the
lpad-deflection performance andd henee determination of toughness are the
following: fikre type, fbro peomuelry, libre solume  fraction,  concrete
composition, geometry of specimen, loading conliguration, loading rate,
dellection measuring svslem, tvpe of test control (force or displacement
controlled) and the stifThess of testng machine compared to the stiffness of
specimen [ 12-146].

However, measuring ol loughness aml ils expression as well as oty
desion purpose 15 sull under debate [13-16]. When lowd-dellestion curve s
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abtiwimed. how to evaluate the factors that comivibute to the improved

performance 15 alse under debate, Presently available methods for evaluating

leughness of sweel fibre reininreed concrele on different ways are the fisllowing:

41 ASTAM O 1018 Stawdard test method of FRC tonirhress charavterisafion
FASTA, Toum i3]

Bl JSCE Method of test fur flexural strenpth and flexuwral toushness of fibre
reinforced concrete (JSCE, 1984) [14]

¢ test meithods for fexural toughness characterisation of fibre reinforced
concrete praposed by Banthia and Trottivr (Ranthia, Trotier 1993) (1371 fif

These methods are well discussed in the literature. Thew basie conceptions ar:
summarised w Figure 4

Since improved toughness is an umporiant avtribute of fibre reinforced
conerete these techmiques were used to determing toughness of fibre reinforced
sumerete compasilion, Experimental paramelcrs, which effecied the toughness of
fihre reinforced conerele were the titre content (75 kg/m' and 150 kgim'), the
conerele composition (FRC-1 and FRC-2) and the fikwe ortentation (I, and 1L as
diseussed heforel,

' For this reason, overall 24 steel [ibre reinforeed concrete notched beams
with the geometry of 85x85=820) mm were tested in the common four-paont
hending test over a simply supported span of 765 mm. Henee, shear span Lo
depith ratio was 3. Gunerally, 0 1002350 mm or 130% 150600 mm beams are
tested, 'Uhe developed beam geometry and testing procedure was choesen so that
the behaviour of specimen achicves real beam behaviour in bending despite of
standard specunens where the shear span o depth ralio is generally atound L.

Beams were drilled out of a conurete slab element as discussed earlier
Natches were [ormed after drilling of beams al the mid-section of beam with the
spprekimate geomelry of 5x5 mm (5 mm depth and 5 mm wadth)

The force was applied by a displacement controlled Instron type lestimg
machine with the canacily of 500 kN, Displacements wert controlled by lwao
1.V LTs pluced on both sides of the beams as showns m Figure § and w Photo 3
Ciirder elements of LY DSs were placed by two steel plates glued on both side of
he Team at the sceton of the support. One side of measuring svstem was
perfarmed to be a fix, he other one was 4 frictional support as shown in Phota 3,
The lowling rate 0.2 mmimin was chosen according to the ASTM and TSR
recommiendations.
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Bending tests and experimental observations

Load vs. deflection relationship

Due 1o the accuracy of specimens’ drilling, geometry of the beams particularly
the cross-seetions were not exactly the same For this reason the measured load
v, deflection relationships are m comparable, Therefore, effective bending
stress at the mid-section was caleulated from the applied load and the geometry
of the cross section of hoams and henee, bending stress vs, mid-point deflection
relationships were developed.

Bunding siress v, mid-point deflecion relationships measored in four
potnt hundimg test for steel fibre remlorced concrete beams are summarised in

Instron

o o
LYIS
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T S > &
—————= 11

I.-'---.II I| I
,'I.T"; = oo i |_ .n—z J
I I : '
A R |
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Figure 5: Test set-up and test arrangement

il 13}
Phuvte 3 Bending test on steel Nibre remforced concrete beamy
w) Test set-up and test arvanpemen|
By Foetwonal supguel ol TVIIS s wirder
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Froure 6. First and second golumns represents beams in which the provilepe Lhre
grientation s paratlel and perpendicular to the axis of the beam, respeetively.

All diagrams content three beams noted by Da. Bb and Be. which
mihieate the original position of the beam in the formwork as can be seen in Lhe
Fipures aml represented by ditferent colours,

Effoct of concrote composition

As dingram mdicate significant effect of concrete composition can be found on
the bending behaviour of steel fibre reinforced concrete beams. Behaviour of
i made of FRO-2 were more nigid, particularly in case of 75 kgfm' fibre
vanlen! comprared W beams made of FRO-T

Effect af fibre contant

Considering the piven fbre type, Drearms 700 305, higher volume fraction
provided more energy absorbing capacily or loughness When 75 k::,-'ur" [Thre
content was applied which 15 around 10 V9%, afler the st crack the bending
siress dlevrensed prodocing a descendmg soltening branch, [lence, load at [irst
crack was the peak load Mevenheless, in case of 150 '.{g,-"nf bbre content the
bemding stress va, load deflection relatiomshin samrestod o more or [ess elastic-
perfectly plastic matenal parneularly in case of TRO- LIt was a quiet difficul? Lo
Firnd Hhie exact positon of first erack, smee after the elastic branch af the berding
behavionr o quast stran heedering pat formed with multiple muero crackimg
PR

Effact of fihre arientation

Cine of the main roverning paranwier ol test series was the fibre ornentation,
EfTeet of the privilege fibre orientation on the hemling ehaviow was found 1o
case of the higher fibre content, 150 kefm', independenily Trom the conerene
comnpasitions, Privilege fibre onentavion parallel 1o the axis of the beam
indicaled more energy absorption or toughness compared to beams in which the
fibres oriented perpendicular to the Beam ass,

Effect of beam posilion

Near the discussed expernmental parameters such as concrete composition, Hhre
conlen! and fihre orientation the original position of beams in the formwork also
foumd o be o puameter of the hending behwaour. Independently from the
conerele composiion, filte contént and orientation beams noted hy "Be”
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Table 6 Toughness properties of steel fibre reinforeed conerete
according to the ASTM C 1018 and JSCE SF4 (last column)
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Lable 7. Toughnuess properties of steel fibve reinfvrecd concrete (POCS)
according to Banthia any Trottier
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Toughness properties

However, based on the load vs: mul-point deflection relationships difTerent
toughness properties were caleulated as summarised m Figure 4, Toughness
mivees (ASTM), toughness lactors (TSI and post cracking strength volumes
(Hanthia, Trotoer) swimarised o Pable 6 and Table 7,

Cibviously, larger hre amount led larper toughness indexes since more
fibre crossimg the crack sw e more tension foree translerred

As result indicate. when the privilege filve arientalion is perpendicular
1o the cross-section of beam, w cuse of musture 1 - more fibres crossing the
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cracked surlface - larger toughness mdex can be caleutated mdependently iram
the ather cxperimental paramerars,

Conercte compositions  also  effected  the  loushness  properties.
Considering heams made of conerete nux FRO-T procewd Tarper onshaess than
Beamms rade ol misiere FRO-2.

Howeeser, lowghness index s signilieantly effected Ty the htam position
i formework at casting. Beder toughness properties and bending hehaviour was
obmerved o case ol beam noted by

Unfortunately, there was no comparable resull concerning the flexural
terighness determined accordmg to JSCE. However, FT numbers also supgest,
that the position of beam o the fonmwork s an important experimental
parameter,

stmularty o the comman method determining the toughness parmeters,
the new proposal of Bathix and Trottier indicate that hghier filne content vield to
higher post coackimg strength.

CONCLUSIONS

An anlensive experimental study was developed al Budapest Lmversny of
Technology and Feonvmies 1o delermine the mechamical and  Longhness
praperties of steel Nhee reinlivieed concrele,

Lapernmental paramolees were:

- Donerele cormpesilion: [PRO-1. FRO-Z
- Fihri: content: 75 kedm' 150 kpim?
- Primciple fibre omnentaion; Lot T

- osition ol specimens in the brmwsorks
Laperimental constants were:

Cieometsy ol specimens prismg {240 100 LU0 e
Beams (R20=05 205 )

Pype al libre: Dramux " 21 303

Testing muehine: [NSTROMN (500 kXN eapacity

Based on the cxpenmental resulls and obsesvatuons Hhe lrllowring conclusions
can b draswn:

1 Steel fibre remtorcement effevts the concrete compressive stiensdh
Higher fibre desapes (150 ke'm™ may result i decrense in CRMIrC S S
strenpth ol conereie,

2 Fibre wrieniation effects nel only the fnilwe mode Sul slightls the

compressive strength as well,
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Fitre content significanly  improves the energy  adsorpium amd
toughness of concrete. The maore tibre, the more doetile beluviour san
bir T,

Iibre orientation has an expressive effect on the bending behaviour and
toughness properties ol steel fibre reinfoced  comerete. When  he
principal fibre ovientanion s perpendicular 1o the eross-section, higher
ronghness index can be abtamed,

At relatively high fibre dosages (150 kp/m'y multiplicd eracking zones
wok place resulting a quasi strain hardenime behaviour in bending,
Lrackmg load can oot be estrmated exuelly

Considering a quasi strain handening behaviour, the sreain measured ot
peal load s generally much higher than in case of normal renforced
conerete. Therefore, the existing methods determiming the louphness
melexes are not suitable,
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Szalorientaci6 hatasa a beton szivéssagara

A dolgosnban kisé el programat ¢s annak eredményenl mutattunk be. melynek
celi sedlszilerdsitési betonok mechanikai twlagdonsimainak meghatiroziss 11l
seivossigdnal jellemzédse voll, Kizerler] parameter volt a bwetonok dssectéiele
szaltarlalma, ¢ o sralak arientacidp, Kisérleti dllandd valt 4 prabatestel
geamelrida. oy alkalmaeolr szallipus valamint & kisérled berendezés 11,
clendesés. A kisérdetben  Dulon nyomaszilirdsdpol  hatdrosink I
MO 00 mm méret) husabokon  valumun hurmadpontas 1erheléanek
veleltlink ald ¥20=83485 mm méretd aedlezilerdsilésh betongerendikal A
hasaluk nromaslardsdgdt Os ldrés mechanismusa| vizsgiltuk a sedioneniaeo
fggvinyében valamint acélsdlerdsites betonperendik terheliers Edetnpant
ety T g rinyer risEzitetiing Elldnles SAIvissiE) mdeselk
meshaliresisiliog,
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Barsony I, Demény A, Isza S,, Kocsis |, Kokenyesi S,,
Raics P., Sudar 8., Szabd Zs., Szaloki |,

COLLEGE LEVEL TRAINING IN ELECTRICAL
ENGINEERING BASED ON UNIVERSITY EDUCATION
IN PHYSICS AND ELECTRONICS AT DEBRECEN
UNIVERSITY

Due to the need of rapul caploitation of the results ol malertals-, information-
and bro-technolugy and the correspondingly pood job opportunities far oradusnles
the enpineening studies atwact currently higher attention worlklwide, so in
Hungary as well. The college level aml university level of training in leehnology
wurt: tradilionally separated m Hungary, The transition to the Dao-slaoe raining
n higher education, e training for the BS and MS degrees, has o be faunded
actally. T'or the Detwecen Umiversity the specific challenge lies in the
adaptation of the seienee courses, developed for the training of physicists for the
requirements of the trnming in college level engineering providing the bachelor
level. The experienee ol the first two years and [ulure possibilities are discussed
In Lhis paper,

1. INTRODUCTION

Over the Tast few years the recruiting of capable, interested students for natural
seience studies 15 a general comeern of physics departments almost all over the
world, Studies i natural scicnees belong to the “elite ecducation™, as dejrees
natural science are the prerequisite for the carrier in scientific rescarch. At the
same time lrmning ol higher-level specialists for jubs closer to the practice is an
Inereasing ceonomic requirement of the developing societies. Due ta (he
explmtation need of the results of an extremely rapid development of materials-,
farmation- and biotechnology and due o the correspondingly pord job
apporlunities for graduates the engincermg studies attract ewrrently higher
allinbion?

For the regional technical development it is paramount to hawve loeadly sufficient
number of specialists available, In the region Eastern Hungary this is tightly
connecied to electronies, This was the mum reason for iniltuling the corllepe-
level specialization in clectrical engineermg at the University of Debrecen some
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