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Structures carry various types of load during their exploitation. The effects of along-
term load component are significant mainly for the structures in which concrete fulfils its
static function. Besides some instant effects; however, there are rheological properties of
concr ete that manifest themselves under applied for ces. Creep, for instance, istime-dependent,
and its effects can considerably influence deformation in composite steel and concrete
structures. In order to verify some theoretical assumptions in practice, several specimens of
composite sted and concrete deck bridges were made, containing encased filler beams. These
specimens wer e subjected to constant long-ter m loading, and deflections and defor mations that
occurred in them were monitored and recorded.
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KoncTpykuii HecyThb Ppi3Hi BUAM HaBaHTaKeHHsl min 4ac ekcmiayaraunii. Edextu
JOBIOCTPOKOBOI CKJI3aA0BOI HABAHTA)KEHHSI 3HAYHi, TOJIOBHMM YMHOM, AJf KOHCTPYKUii, B
SIKHX 0€TOH BUKOHY€E CBOIO CTATUYHY (yHKHil0. KpimM fesikux MUTTEBUX edeKTiB, € peoJioriuHi
BJIACTHBOCTi 0eTOHY, AKi MPOSABJAIOTHCA i MPUKIAAHUMEU cuiamu. Hanpukaana, nos3ydicTb
3aJeKUTh Bin 4Yacy, i il BIJIMB MoOke CYTT€BO BIUIMHYTH Ha Jedopmaniio KOMIO3UTHHMX
cTajleBUX Ta 0eTOHHUX KOHCTPYKUii. [|1sl mepeBipkM JeKHX TeOpPeTHYHUX NMPHUIYLIEHb HA
npakTuli 0yJjio 3po6/eHo IeKijibKa 3pa3kiB KOMIO3MTHUX CTATeBUX Ta 0ETOHHUX MOCTIB, 1110
MIiCTATh ymUIbHIOBAJABHI Oanku. Ili 3paskm miggaBajgu TPUBAJIOMY HABAHTAKEHHIO, a
NPOruHM Ta AedopMalii, 10 BAHUKAJIM B HUX, KOHTPOJIIOBAIH Ta (ikcyBaIu.

Kurouogi ciioBa: 3a1i300eToHHA 0anka, MOXWJII Mepepi3n, MeTOAMKA.

Introduction. Long-term load tests were launched on five different types of beam specimen marked
as N1 to N5. The specimens had been designed based on the concept of deck bridges with concrete-
encased filler beams. The design and verification of these structures is governed by STN EN 1994-2:
Eurocode 4 — Design of composite steel and concrete structures. Part 2: Composite steel and concrete
bridges. Nevertheless, issues concerning creep in beams with both composite flanges are not included in
the relevant standard. More precise calculations can be found and adopted from STN EN 1992-1-1:
Eurocode 4 — Design of concrete structures. Part 1-1: General rules and rules for buildings, and such
composite structures may be regarded as reinforced concrete structures.

Types of loaded beams. In the experiment, N1 beams were made of encased hollow sted sections.
The hollow section was created by welding a 6 mm thick U-shaped stedl plate, creating the upper flange
and web of the section, to another 6 mm thick steel plate, creating the lower flange of the section with
protruding ends. Holes 50 mm in diameter were flame-cut in the web at an axial distance of 100 mm.
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Reinforcement bars 12 mm in diameter were threaded through every third hole. Similarly, holes were
flame-cut in the upper flange, having a uniform diameter of 50 mm and spacing of 100 mm. The holes
were arranged in an alternate manner, i.e. they occurred either in the web or flanges across the section of
the composite beam. Both the cross-section and longitudinal section of N1 beam areillustrated in Figure 1.
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Fig. 1. Diagram showing N1Beam

N2 beams, as shown in Figure 2, were made from concrete-encased steel T-sections. These
T-sections were made by cutting a rolled sted |PE 220 section straight into halves. Transverse reinforcement
bars 12 mm in diameter were threaded through holes at an axial distance of 100 mm, whereas the holes, having
adiameter of 20 mm, were flame-cut in the web, 55 mm above the bottom edge of the section.
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Fig. 2. Diagram showing N2 Beam

The third variant of specimens marked as N3 beams was made in the same manner as N2 beams,
from concrete-encased rolled steel IPE 220 sections. The section was cut into halves in acomb-like
manner, thus creating two T-sections with comb-like edges, as can be seen from Figure 3. Transverse
reinforcement bars were placed in every tooth at an axial distance of 105 mm, 90 mm above the bottom

edge of the section. The corresponding cross-section and longitudinal section are shown in Figure 3 [5].
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Fig. 3. Diagram showing N3 Beam
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N4 beams were also made from rolled steel 1PE 220 sections by cutting it in such amanner that
apeforated stripe along its edge was created. Holes 32 mm in diameter were flame-cut, arranged
aternatdy in two rows at an axial distance of 45 mm. Transverse reinforcement bars were threaded
through every third hole as shown in Figure 4 [5].
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Fig. 4. Diagram showing N4 Beam

The fifth type of beam specimen was marked as N5 as given in Figure 5. As in the previous
specimens, N5 beams were made by cutting rolled steel I1PE 220 sections into two T-sections. Once again,
transverse reinforcement bars 12 mm in diameter were threaded through the holes at a distance of 300 mm,
40 mm above the bottom edge of the section. Composite action was ensured by looped bars made of
reinforcing steel with the dimensions 50 x 100 mm. These bars were welded horizontally to the steel
section web, 60 mm above the bottom edge of the section.

60, 390 L 390 60,
[ “ o~ |
<, W0
- — . .
a0 0 o
[T N
e —— : '
o T
250 | ¥ 400 250 & | 300 |
! ’ 100 ! !
900
ol L1 1

Looped bars made of reinforcing steel,
welded all along the steel sections on both
sides of the beam

Fig. 5. Diagram showing N5 Beam

L oading beams . The beam specimens were placed in pairs into the loading frames. They were then
loaded by compression introduced through air pillows connected to a compressor, generating constant
compression force. The magnitude of the loading for each specimen type had been determined in advance
so as to take into account the resistance and stiffness of the individual beam specimens. These were as
follows:

N1 beams — compressed at 35 kPa

N2 beams — compressed at 20 kPa

N3 beams — compressed at 20 kPa

N4 beams — compressed at 18 kPa

N5 beams — compressed at 25 kPa

Upon a period of two hundred days of constant loading, the specimens were additionally loaded by
5 kPa, with the exception of N3 beams, being additionally loaded by 3 kPa only.

The process of loading is shown in Fig. 6.
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M easur ement results. Deflections and deformations in extreme concrete and stee fibres were
measured during the load application and the entire loading experiment (Fig. 7).

Fig. 6. Loading beams

Fig. 7. Measurement of deflections and deformations

The below graphs show correlations between deflections and loading durations during the
experiment (Fig. 8).
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Fig. 8. Diagrams showing correlations between deflections and loading durations
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The evaluation of deformations caused by creep was based on par. 3.1.4 Creep and shrinkage
of STN EN 1992-1-1 and Appendix B therein [1, 2, 3, and 5]. All values of material properties and initial
deformations in the cal culations were based on real measurements.

In the paper presented, the calculations given for N4 beams are as follows:

to The age of concrete at the time of loading = 103 days
ty The age of concrete at the time of additional loading = 303 days
to The age of concrete at the time of specimen evaluation = 510 days
Ago  Deformation of the concrete caused by loading = 274.3 pm/m
Agc;  Deformation of the concrete caused by additional loading = 70.1 pm/m
gc2exp DeEfOrmation at the time of specimen evaluation = 452.5 pm/m
fek Characteristic compressive cylinder strength of concrete = 33.84 GPa
h/b Nominal dimensions of the composite section/element h = 270 mm, b = 900 mm
ho Substitute depth hy = 2.h.b/(2.h+b) = 337.5 mm
Average humidity = 65 %

o(to,ty) Calculated creep coefficient, defining creep between timestoand t; = 1.01
ec(to,tz) Calculated deformation of the concrete caused by creep

Sc(to,tz) = (p(to,tz). Ageo = 276.8 um/m
o(ty,ty) Calculated creep coefficient, defining creep between timest;and t, = 0.84
ec(ty,ty) Calculated deformation of the concrete caused by creep

Sc(tl,tz) = (p(tl,tz). Agey = 49.6 um/m
ec2cac  Calculated total deformation at the time of specimen evaluation

€c2.cac = Agco + ecto,t2) + Aggy + ec(ty,tr) = 670.8 umym

As shown above, the deformation measured in N4 beams during the experiment was 452.5 pnvm.
When adding the deformations caused by loading to the expected deformations caused by creep (the
compressive and creep deformations of the concrete), the resulting value was assumed to reach
670.8 um/m. Nevertheless, the difference accounted for 48 per cent. Similar differences occurred in the
other beam types (N1, N2, N3, and N5), although the measurement results are not presented in this paper.

Conclusion. This paper provides the results of long-term measurements on beams loaded constantly
for aperiod of 463 or 407 days. During this period, deformations in the individual beams were monitored
and ambient temperatures and values of relative humidity recorded regularly. The deformations measured
in real beams greatly differed from those assumed and calculated according to the standards currently in
force. Sincethe evaluations of the experiment in question are still in progress, further steps will be taken to
explore behavioural differences between concrete-encased filler-beam sections and reinforced steel
sections, particularly as far as creep is concerned. Another analysis will focus on the examination of
external aspects, having impacts on rheological properties, and on the consideration of such aspects in the
calculation models currently used in practice.

Acknowledgements. The article was written with the support of the ITMS project
No. 26220220124: “Design of bridges with concrete-encased filler beams of modified sections’ and
project VEGA 1/0188/16.

1. STN EN 1994 — 1 — 1: Eurocode 4 — Design of composite steel and concrete structures. Part 1 —
1: General rules and rules for buildings. 2. STN EN 1994 — 2: Eurocode 4 — Design of composite steel and
concrete structures. Part 2: Composite steel and concrete bridges. 3. STN EN 1992 — 1 — 1: Eurocode 4 —
Design of concrete structures. Part 1 — 1: General rules and rules for buildings. 4. STN EN 1993 -1 — 1.
Eurocode 4 — Design of stedl structures. Part 1 —1: General rules and rules for buildings. 5. Rowviidk, M. —
Duricovd, A. — Kundrat, K. — Nad', L.: Spriahnuté ocelovo — betonové mosty, Kosice, Elfa s. r. o., 2006,
ISBN 80-8073-485-2. 6. Navrdtil J.: Predpjaté betonové konstrukce, Akademické nakladate/stvi CERM,
sro, 2004, | SBN 80-214-2649-7.

255



