- density of optimum concrete mixture - 2385 Rg/m

The ®lution seems to be fully reliable. It confirms intuitive, subjective opinion abort examination of
many kinds of usual and special concretes and applied into the practice of working recipes.

Aggregates were experimentally combined into an optimum aggregate composition — characterized
by maximum tightness and minimum watdssorbability. The low W/C ratio of 0,391 results frome t
superplasticizer application into the concretes mixtures.

1. Kapelko A.: Production technology of concrete used in hydrotechnical buildings. Problems of
Hydroengineering. 5-th Conference. Wroctaw — Szklarskaelizor5-7 May 1994 Wroctaw: Oficyna
Wydawnicza Politechniki Wroctawskiej 1994. Prace Naukowe Instytutu Geotechniki | Hydrotechniki
Politechniki Wroctawskiej nr 67, Konferencje nr 34, pp. 71-82 (In English). 2. Kapelko A.: The quality of
concrete Works At the first stage of Lipki flap weir Construction. Problems of Hydroengineering 6-th
Conference. Wroctaw-Szklarska Poa, May 6-8, 1996. Wroctaw: Oficyna Wydawnicza Politechniki
Wroctawskiej 1996. Prace Naukowe Instytutu Geotechniki | Hydrotechniki Politechniki Wroctawskiej nr
71, Konferencje nr 38, pp. 233-243. (In English). 3. Kapelko A.: Possibilities of retarding of concrete
setting and hardening by the application of chemical admixtures. 7-th Conference Problems of
Hydroengineering. Wroctaw — Lgdek Zdr¢j, 19-21 May 1999 Wroctaw. Digjski€ Wydawnictwo
Edukacyjne 1999, pp. 215-225. (In English). 4. Dodson V.: Concrete Admixtures, Van Nostrand Reinhold,
New York, 1990. (In English). 5. Kapelko A., Kapelko R.: Optimization of composite materials with
cement-fly ash matrix.. Archives of Civil and Mechanical Engineering, Vol. V, No.2, Wroctaw 2005, pp.
25-34. (In English). 6. Stat Soft, Inc. (1997), STATISTICA for Windows [Computer program manual],
Tulsa, USA, WEB:http://www.statsoft.com(In English). 7. Mathematica 5.0 1988-2003 Wolfram
Research WEB: http://www.wolfram.cofim English).

VIIK 624.074.04

Karas S., Slowik M., Demchyna B.
Lublin University of Technology

"Lviv National Polytechnic University
Depatment of building structures and bridges

79013, Lviv, S. Bandery Street, 12

THE TENSION IN FLANGES OF FLEXURAL CONTINUOUS
REINFORCED CONCRETE BEAM OF AT SECTION

© Karas S., Slowik M., Demchyna B., 2007

The purpose of the paper is to analyze what is the tension stress distribution and how to
arrange longitudinal reinforcemenet in web and flanges in flexural beam of the cross section in
the shape of a T. In continuous bridge girders it occurs that tension stresses are in flanges. The
effective flange width in the case of compression zone is well elaborated and obvious. In the
situation when the flanges are in tension there is no any rule in codes and technical literature
to arrange the reinforcement in flanges. The observed damages in carry deck of Baranow
Bridge over the Wieprz River direct authors to indicate the problem.

Introduction. The bending theory of reinforced concrete satisfies the three fundamental principles
of the mechanics of deformable bodies:

— first, the stresses in the concrete and reinforcement satisfy the equilibrium condition,

— second, the linear strain distribution satisfies Bernoulli's hypothesis,

— third, the constitutive laws of concrete and reinforcing bar (as described below) are obeyed.
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The stresses in the compression stress block are related to the strain through the stress-strain
relationship of the concrete. The stress-strain relationship of concrete is assumed to be identical to the
stress-strain curve obtained from the compression test of standard concrete cylinder. The small tensile
stress of concrete adjacent to the neutral axis is neglected. All the tensile stresses in the rebar are assumed
to be concentrated in the centroid of the reinforcing bars with a total arda. dfor privilege types of

reinforcing bars, the stress-strain curve is first linear, with a slogesafip to the yield stresses,, and

then follow roughly a straight line with a much smaller slope. In design practice these principles are
applied to three typical types of beams: singly reinforced rectangular beams, doubly reinforced rectangular
beams and flanged beams. Flanged beams made with concrete have mostly cross section in the shape of T.
The flanges may be purposely added or may be available as parts of a structure, such as a floor system or a
bridge system. In a slab-and-beam system the slab serves as the flange and the beam serves as the web.

At present, in the methods of dimensioning of reinforced concrete flexural members, as far as T
section is concerned, it is assumed that in such a section the flanges are used to enhance the compression
forces of the internal couples.

Flanged beam.n a continuous beam the bending momihtreates compression stresses in the top
partof the cross section and tensile stresses in the bottom part in the middle of the span. In the beam of T
section the effective flange width in compression zone is taken into account during the dimensioning.

On the supports a bending mom&htreates the opposite situation and compression stresses are in the
bottom part and tensile stresses are in the top of the cross section. The width of the compression zone of
course equals the width of the web. The width of the tensile zone is not into account during the
dimensioning because the total area of reinforcement is calculated according to the centroid of the
reinforcing bars. But the width of the tensile zone is important in order to arrange bars of longitudinal
reinforcement properly and, adequately to the distribution of tensile stresses. The bars should not be only
inside the web but also in flanges of a slab monolithically joined with the web.

According to codes, for example Eurocode 2 [1], The Polish codes [2,3], the American Code ACI [4],
the effective width of flanges of & beam shall not exceed limited value and the rules for estimating it
differ a little one from the other.

For example, the effective flange widt), for a T beam, see Fig. 1., may be derived, according to

Eurocode 2, as:
by =D et + By <b
where
bi‘f‘f,i = OZ)i + O.llo <b and beffj Sbi

The effective flange width is assigned for compression area as well as for tensile one, what is
additionally showed on the Fig. 4. copied from [3].

brﬂl bcﬂ!
bt L7
(2277777277 vz - T 57,
% ATy
A Bl e
b

Fig. 1. Effective flange width parameters

Mostly in technical literature tensile bars are located only in the web, see for example Fig. 2. and Fig. 3.
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Fig. 3. The reinforcing of continuous beam;
A-A—in span, B-B — over support; [6], p. 306
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Fig. 4. The reinforcing of continuous beam bridge;
left — in span, right — over support, photo copy
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Finally, after a large scale literature review, one example of reinforcement arrangement in flanges
has been found, in Fritz Leonhard’s book [7] on a page 226 (Polish issue) which is presented on Fig. 4.
Unfortunately, there are only two sentences of author’s laconic comment. On this basis it is not possible to
form any general rule.

Probably the recalled example from [7] is based on the experiences coming from composite girders
methods. Recalling steel-concrete composite bridges design it is impossible to input the proper amount of
steel bars into small adequate for concrete web upper area. In composite bridges the idea of effective
flange width is in use for years. As it is shown at a Fig. 4., the only possible way is to locate the bars in the
plate. In such a case it is also necessary to analyze the shearing between a steel girder and integrated
concrete slab. Because of the shear between the web and the flanges of T- section additional amount of
reinforcement should be provided. But this reinforcement is the transverse one, which is placed in flanges
perpendicular to the longitudinal reinforcement in the beam web.

515 fer =240 1535 fer. =225 215175

5, 1 20x152300 20 ‘ 16152240 w 0
} } 1
9 @25 szt132

B @16 szt 76 zbrojenie podiuzne gorne dodatkowe nad filorami
zbrojenie podiuzne gorne na cale] diugosci ustroju

@12 szt 71

zbrojenie podiuzne dolne na calej diugosei ustroju T
il 37 il

3 10x15-150 A N IR 5x15=75 SO 16x15-260 Lo,

Fig. 5. The reinforcement of composite bridge in Neple over the Krzna River,
the cross-section in over pillar axe; designer - eng. G. ZaHdi

The looking for the reasons of Barandéw Bridge demageDuring the inspection of Baranéw
Bridge in Drzgdéw (Eastern Poland) in 2005 [8], Fig. 6., there were observed, beyond typical cracks and
corosion effects, characteristic for 50 years old reinforced concrete continuous beam structure, the
unexpected gaps of deck plate were observed. The gaps were perpendicular to main girders and they were
located ca 1+3 m from pillars’ support axes. The width of them varies between 3 to 10 mm; Fig 7.

Fig. 6. General view on Baranéw Bridge Fig. 7. The gaps

On the basis of technical draft [9] the reinforcement was located in the upper part of the beam only
in the web of T section as shown on Fig. 8. There was not any reinforcement provided in flanges area, so
the flanges were neglected in cooperation during design. The designers in [9] obeyed strictly the rules of
reinforced concrete methods.
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Let us now investigate numerically the stress state in the deck plate. Using 2D elements the FEM
model has been prepared according to concrete material volume. Additionally the 1D elements for the steel
reinforcement; Fig. 9. The model is an admissible simplification of the 8 span real structure. The basic
loads are: the own weight and 300 kN truck which is located in the middle of the second span. All the
assumed values are characteristic as in SLS.

(|
o® 0 0
ooEio o
Fao e gy

L]

a

Fig. 8. The photo-copies of technical draft - over
pillar area a) girder cross section; b) plate
reinforcement

Fig. 9. FEM model

Normal stresses along with the bridge axe has been has been chosen from many obtained results ani
they are presented in graphical forms. On Fig. 10. the distribution of stresses for the whole bridge deck model
is shown. In details, the normal stresses of deck plate are shown by sequence of perpendicular cross-section
in a distance period of 1m, starting from the support axe of 2nd pillar. The graphs given on Fig. 11. show the
distribution of tensile stresses for two load cases: own weigh and when the truck weight is added.

Sx - 0.w +300kN

Fig. 11. Normal stress distribution of deck plate
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The steel used for reinforcement can be characterized as B250. Reading the output, where for the
element in the mid place of a plate, the stress value is equal 1279 kPa, we can calculate the resultant
normal force as —

N=,1352 0Z 10= 02704 MN ,
next, knowing that for this area we have 7 secondary steel bars 14 mm in diameter, the steel area is
A = 000108m?.
Subsequently this yield the average stress value equals —
os=N/Ag= 259, MPa= 250= f, and
the appropriate strain is

£sut=0s/ Eg =0,0012

Corcluding this chapter, we can say that the stress state could have involved not only the typical
cracks for a reinforced concrete plate (i.e. the admissible cracks with the width 0,2 mm) but also the
observed gaps. The reason of this is the insufficient amount of reinforcement which is due to the neglecting
of flanges cooperation in tensile zone of T girder.

Analizing building standards concerning designing and producing of reinforced concrete structures
which were valid in Soviet Union and are valid now in Ukraine in chapter concerning designing reinforced
corcrete beams of a T section we can make the same conclusion — the width of the deck is not taken into
account in zone under the tension in T-beam. The following standards were examined for this analysis:
SNiP 1I-B.1-62*, SNiP 1I-21-75 and SNiP 2.03.01-84.

Conclusions.Most w Baranowie zostat zaprojektowany zgodnie z ohmujacymi w latach 50-tych
XX w. normami i wiedz technicza. Nie uwzgkdniano wowczas szeroka wspoétpracuicej ptyty w
strefie rozchgania belek T-owych. Z tego powodu zbrojenie przequesrozciganie utaono w obszarze
goémym srodnika belki. Niezalenie od projektowania belki prowadzono wymiarowanie plyty
wprowadzajic jej prety zbrojenia. Nieuwzgldnienie wspotpracy porailzy bellg i ptyta bylo powodem
powstania gknie¢ w ptycie w gsiedztwie filarow.

Rozw{§ technologii belek zespolonych typu stal-beton wnidst nowe spojrzenie na zagadnienie
wspoétpracy pomidzy dzwigarem stalowym a piyt betonova. W zakresiesciskania strefa wspéipracy
ptyty z bella jest w petni opisana tak welbecie jak i w konstrukcjach zespolonych. W przypadku
rozciagania w awigarach zespolonych zbrojenie w cadiojest rozmieszczone w plycie wspotpramgj.
Podbbnie naley postpowa w belkachzelbetowych.

Z przeprowadzonego przeglu literatury i norm wynikaze brak jest wyranych wskaza co do
podepowania przy rozmieszczeniu zbrojenia w strefach agariia nad podporami pednimi belek
ciagtych. W wigkszaici podrecznikow z zakresuelbetu orazzelbetowych konstrukcji mostowych brak
jeg rozdziatbw péwieconych sposobom zbrojenia belek teowych w przypadkach agamtn strefy
gomej, znaleziono jedynie krétkie opisy, z reguty odpowiackjschematowi wyspujacemu w przypadku
mogu w Baranowie. W dalszym ggju, podobnie jak p6t wieku temu, nlisve jest zatem projektowanie
zbrojenia w zakresie jedynie prostgRkej czsci belki T-owej gdy bedace w powszechnym zyciu
programy komputerowe w sposéb automatyczny genealj uktad.

Zdaniem autoréw naley wprowadzé do norm sposoby zbrojenia charakterystyczne dla belek
zegpolonych cagtych rowniez w zakresiezelbetu.

1.pr EN 1992-1-1. Eurocode 2: Design of Concrete Structures. Part 1-1. General Rules and Rules
for Buldings. 2. The Polish Code: PN-B-03264 Concrete, reinforced concrete and prestressed structures.
Static analysis and designing. PKN 2002. 3. The Polish Code: PN-91/S-10042 Bridges. Concrete,
reinforced concrete and prestressed concrete structures. Designing. PKN 1992. 4. ACI Standard. Building
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Code Requirements for Reinforced Concrete (ACl 318-02), 200@.Bsanos H. H. — JKenesnobemmuuie

mocmet, H-THAJI, Mockea 1956. (Reinforced concrete bridges). 6. Bzymek Z., Grycz J., Marks W. —
Podstawowe wiadomai o projektowaniu mostéw betonowych (The fundamental information on concrete
bridge designing), WPW, Warszawa, 1982. 7. Leohard F. — Podstawy budowy mostoéw betonowych
(Vorlesungen uber Massivbau, Sechster Teil, Grundlagen des Massivbriickenbaues), WKL, Warszawa,
1982. 8. Kard S., Stowik M., Przyczyny stanu awaryjnego mostu przez Y¢edprz w Baranowie (The
reasons of a damage state of the bridge over Wieprz River in Baranow); Awarie budowlane — XXIII
konferencja naukowo techniczna, Szczecigdiizdroje, 23-26 maja 2007 (ISBN 978-83-7457-029-9, str.
903910). 9. R. Barszcz, A. tukaszewski - Projekt techniczny mostu przez rz. Wieprz w Baranowie
(Technical draft of the bridge over Wieprz River in Barandw)— Warszawskie Biuro Studiéw i Projektow
Transportu Drogowedo i Lotnictwa z siedzitwzy ul. Wiléskiej 10 w Warszawie, czerwiec 1961 r.
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IMPACT RESISTANCE OF SFRM MODIFIED
BY VARIED SUPERPLASTICIZERS

© Katzer J., Kobaka J., 2007

The paper presents results of examinations of steel fiber reinforced mortar (SFRM)
modified by superplasticizers based on different chemical substances. The described SFRM
were made on the basis of fine aggregate cement matrix modified by the addition of hooked
steel fibers. The examination was a drop-weight test. Results allowed to specify influence of the
specific superplasticizer on SFRM dynamic features.

Introduction. Development of modern civil engineering includes an urgent need to develop higher
performance engineering materials possessing high strength, toughness, energy absorption, durability, etc
[3]. One of such steel developing high performance engineering materials is steel fiber reinforced mortar
(SFRM). This paper carried out an experimental investigation on three series of SFRM. Steel fiber-
reinforced mortar is more difficult to mix and place than plain concrete. Adding any type of steel fiber to a
mortar reduces fluidity of the mixture because of the needlelike shape and high specific surface of the
fibers. The geometry and water requirements of SFRM are an obstacle to its workability [1, 2, 12]. These
factors lead to a reduction in consistency and the necessity to use superplasticizer. This study examines the
effect of different new generation superplasticizers on the dynamic properties of SFRM.

It is much more difficult to quantitatively investigate dynamic properties of material than to
qualitatively study static or quasi-static properties [3, 13]. Static and quasi-static properties of SFRM are
already well-known and described [6, 7, 8, 9], but there is still lack of research programs concerning
dynamic properties of such composites.

Materials and test method. Materials consisted of ordinary Portland cement with 28-day
conpressive strength of 32.5 MPa (CEM 1| 32.5), natural fine aggregate of maximum size 2mm, tap water
for mixing and curing and three superplasticizing admixtures. The superplasticizers are codified as PC3,
PE and CRSP. The PC3 is a superplasticizer based on polycarboxylate, the PE superplasticizer is based o
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