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ABSTRACT

During a seismic impact, the main emphasis is placed on the damage to bridge piers, which were
isolated from the horizontal earthquake detector. Accordingly, when calculating the bridges, the
reaction spectra obtained from the horizontal earthquake detector are used both for the piers and
for the superstructure. The issue of seismic resistance of bridges is very important, especially for
superstructures with long spans. It is necessary to construct dynamic curves of seismic resistance for
superstructures of a specific system. The article deals with composite steel and concrete continuous
span superstructure with a scheme L=3x63.0 m, on which we performed seven real earthquake
records for all three categories of soil using the direct dynamic method and built the reference
response spectra. Based on the obtained response spectrum and the methodology provided by
different normative documents, the calculation of the selected superstructure was carried out, and
the force values were determined. Discussion: On the basis of the results obtained with the reference
response spectra and the curves given in the normative documentation, graphs were drawn, and
composite steel and concrete continuous span superstructure with a scheme L=3x63.0 m of the
vertical response spectra was determined.
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1. INTRODUCTION

On the basis of the spectral theory of seismic resistance, the determination of the dynamic
response spectra processed in all normative documents, which is based on the results
obtained by the calculations of the vertical single-mass cantilever system, does not take into
account the very diverse calculation schemes of different constructions. Despite the bridges
and all other structures of any system, as well as the system itself, the stiffness and mass
difference curves are always unchanged and universal, which, in our opinion, is a very big
assumption and is far from reality.

In 2012, New York University professors published an article focusing on the importance of
the proper selection of a seismic vertical detector for the superstructure of a bridge [1].

In 2018, lowa State University professors published an extensive paper in which they
pointed out that the vertical component of the three components of an earthquake is
partially ignored by the use of mitigation coefficients in the regulations, which ultimately
yields results that are inconsistent with reality. The partial disregarding of the vertical
component of the earthquake is due to three main reasons: 1) the amplitude of the vertical
acceleration of the ground is small compared to the amplitude of the horizontal
acceleration; 2) peak values of three-component accelerations are lost in time; 3) buildings
are characterized by much higher rigidity in the vertical direction [2].

The first two reasons are fair but not always true: there are different types of earthquakes,
especially in the vicinity of 50 km from the epicentre, and the vertical coefficient is larger
than the horizontal one [3].

The third reason is an acceptable consideration for industrial and civil buildings because the
buildings in the vertical direction have great stiffness, and for them, the horizontal
components are really dominant, whereas in bridge construction, the vertical ground
accelerations can have a significant impact on the stress-deformed state of bridge
structures.

Therefore, it is necessary to determine the coefficients of seismic dynamism for the
composite steel and concrete continuous span superstructure with a scheme L=3x63.0 m.

2. METHODOLOGY

Figures Composite steel and concrete continuous span superstructure with a scheme
L=3x63.0 m consist of two main beams, longitudinal and transverse connections. A
reinforced concrete slab is used in the roadway part, which is connected to the main coils
with beams. The clearance of the bridge deck is 11.5 m, of which the width of the lane of
the carriageway is 7.5 m, the width of the safety lanes is 2.0 m, the width of the sidewalks
is 1.5 m, and therefore the total width of the cross-section of the superstructure is 15.90 m.
the thicknesses of the lower and upper belt of the main beam are different in different
cross-sections and accordingly the stiffnesses are also different (Fig.1).
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Fig. 1 Cross section of the superstructure with a scheme L=3x63.0 m (Drawing by the authors)

For the superstructure, the frequencies and modal periods for the first three forms of
oscillation were determined (Table 1).

Table 1. frequencies and periods of superstructure

RO crever rcuencors e 5

1 2 3 4
6.26 0.996 1.004
11.412 1.816 0.551
50.210 7.991 0.125

After fundamental periods and natural frequencies of superstructure were determined for
each soil category, seven accelerograms with oscillation periods closest to the fundamental
period of a superstructure were selected from the database of accelerograms.

Earthquake peak accelerations have different magnitudes in mutually orthogonal
directions. Since the vertical component is dangerous for the superstructure, therefore,
such records of vertical oscillation were selected, the oscillation period of which is as close
as possible to the fundamental periods of the superstructure.

For this purpose, various accelerograms were selected from the accelerogram, whose main
phases were decomposed into harmonics. Harmonics further allows the selection of the
specific accelerogram from several accelerograms.

The calculation model of the superstructure was generated using structural analysis and
design software MIDAS Civil (Fig. 2). The accelerations of the superstructure were
determined using the direct dynamic method. The acceleration spectra were calculated
based on the software SeismoSignal 2023.
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Fig. 2. The reference model of the superstructure of the scheme L=3x63.0 m (Drawing by the authors)

To determine the acceleration spectrum, the real record of the three-component
“Kalamata” earthquake—accelerogram was used (Fig.3). The vertical component of the
accelerogram was separated and normalized in order to exclude the magnitude factor (Fig.

4).
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Fig 3. Kalamata earthquake record (code: 005814) (Drawing by Internet-Site for European Strong-Motion
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Fig. 4. Vertical accelerogram of the Kalamata earthquake (code: 005814) (Drawing by the authors)
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Fig. 5. Vertical normalized accelerogram of the Kalamata earthquake (code: 005814) (Drawing by the authors)

As a result of analysing vertical normalized accelerograms subjected to the 1997 Kalamata
6.4 magnitude earthquake of the superstructure, accelerations were obtained. The results
were compared to the normalized accelerations, and it was determined how many times
they were increased in the case of the real structure (Fig.6).
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Fig. 6. Vertical normalized accelerogram (code:005814) and response of the superstructure with a scheme
L=3x63.0 m under the impact of the Kalamata earthquake (Drawing by the authors)

For this specific case, the maximum acceleration of the response of the superstructure was
4.53 m/s2. Their spectra were constructed accordingly and are presented in Fig. 7.
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Fig. 7. The vertical normalized spectrum of the Kalamata earthquake (code: 005814) and the response spectrum
of the superstructure with a scheme L=3x63.0 m (Drawing by the authors)

The same approach was applied to the rest of the selected accelerograms, which allowed
working out the accelerations spectra (Fig.8).

Spectra of accelerations for soils of category | in terms of seismicity are given in Fig. 8, which
includes the spectra provided by normative documentation (Geo [4], SNiP [5] [6] [7], EN [8]
[9] and AASHTO [10]).
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Fig. 8. Response spectra of the superstructure with a scheme L=3x63.0 m for soils of category | (Drawing by the
authors)

The same approach was implemented for soil categories Il and Ill during the construction of
composite steel and concrete continuous span superstructure with a scheme L=3x63.0 m.
Seven accelerograms were selected, and the spectra of accelerations were obtained as
results of their impact. They are shown along with the spectra provided by different
normative documents (GEO [4], SNiP [5] [6] [7], EN [8] [9] and AASHTO [10]) in Fig. 9 and
Fig. 10.
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Fig. 9. Response spectra of the superstructure for soils of category Il (Drawing by the authors)
] L=3x63.0m - ITI
10
9
8
7
6
5
‘ 3‘ —\-—.
3 ~—
5 % % :E..__ —
) —
1 \ o E
e
0
0.6 0.8 1 1.2 1.4 16 T (s)
—GEO I ——RUS 2011 ——RUS 2014
——RUS 2016111 ——EN ELASTIC ——EN DESIGN
—— AASHTO-D $5=0.25 §1=0.1 —— AASHTO-D 55=1.25 51=0.5 3x63.0-000122
3x63.0-000155 3x63.0-000175 3x63.0-000439
3x63.0-000479 3x63.0-001230 3x63.0-006944
— | =3x%63.0 m

Fig. 10. Response spectra of the superstructure for soils of category Il (Drawing by the authors)

The calculation of the selected superstructure was carried out with the spectra obtained by
us for the soils of different categories, as well as with the methodology provided by different
normative documents (GEO [4], SNiP [5] [6] [7], EN [8] [9] and AASHTO [10]).
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3. RESULTS

The vertical component of the seismic action shall be represented by an elastic response
spectrum Sve(T), derived using expressions [8]:

T
0<T<Ty: Sve(T)=avg-[1+g-(n-3.0—1)]
Tg< T < Tg: Spe(T) =ayg-m-3

Tc
Te < T < Tyt Se(T) =ay-n-3.0- [

TcT
TD<T<4s:Sve(T)zavg.n.3_0.[(3rZD] (1)

where

Sve (T) —is the vertical elastic response spectrum;

T — is the vibration period of a linear single-degree-of-freedom system;

ayg — is the design ground acceleration;

Tg = 0.08 —is the lower limit of the period of the constant spectral acceleration branch;
Tc = 0.72 —is the upper limit of the period of the constant spectral acceleration branch;

Tp = 1.0 —is the value defining the beginning of the constant displacement response range
of the spectrum;

n=1 — is the damping correction factor with a reference value of n=1 for 5% viscous
damping.

0< T < 0.08: Sve(T)=1-[1+%-(1-3.0—1)]

008< T < 0.72: Sye(T) =1-1-3

072 < T < 1: Sve(T)=1.1.3_0.[%
1.0 < T < 4s:S,(T)=1-1-3.0" [0.7;1'0] (2)
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Fig. 11. Vertical response spectra of the superstructure with a scheme L=3x63.0 m (Drawing by the authors)

For the superstructure with a scheme L=3x63.0 m, calculations were made for all three soil
categories at different levels. The results of seismic forces are presented in Table 2.

Table2 seismic forces of superstructure with a scheme L=3x63.0 m by different normative documents

Superstructure with a scheme L=3x63.0 m
Static 7 Intensity 8 Intensity 9 Intensity

N Name M, tem M, tem % M, tem % M, tem %

1 L=3x63.0 317.21 124 | 63463 | 249 | 127165 | 49.8
2 GEO-I 105.94 4.2 254.57 10.0 551.82 21.6
3 GEO-II 131.96 5.2 264.13 10.3 528.49 20.7
4 GEO-III 136.08 5.3 217.86 8.5 408.69 16.0
5 RUS-2011 113.23 4.4 226.68 8.9 453.59 17.8
6 RUS-2014 119.71 4.7 239.65 9.4 479.52 18.8
7 RUS-2016-I o 102.84 4.0 205.9 8.1 412.02 16.1
8 RUS-2016-II g 165.12 6.5 330.47 12.9 661.39 25.9
9 RUS-2016-111 - 186.53 7.3 373.27 14.6 746.85 29.3
10 EN ELASTIC 30947 | 121 | 619.16 | 243 | 123854 | 485
11 EN DESIGN 171.86 6.7 343.88 135 687.98 27.0
12 AASHTO-A 42729 | 167 | 85586 | 335 | 171501 | 67.2
13 AASHTO-B 534.16 20.9 1070.65 41.9 2144.59 84.0
14 AASHTO-C 884.32 34.6 1712.26 67.1 2952.4 115.7
15 AASHTO-D 1186.46 46.5 2069.35 81.1 3259.03 127.7
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The graph presented in Fig. 11 was developed to visualize the results calculated on the basis
of various normative documents (GEO [4], SNiP [5] [6] [7], EN [8] [9] and AASHTO [10]).
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Fig. 11. According to various normative documents and new spectra, the values of the forces of the superstructure
with a scheme L=3x63.0 m

Studies have shown that taking into account the first three modes of vibration of the
superstructure with a scheme L=3x63.0 m, the magnitudes of the forces determined by the
spectrum of the response obtained by the spectra given in the normative documents of
(GEO [4] and SNIP [5] [6] [7]. The results also exceed the magnitude of the force received by
the spectrum given in the normative documentation of EN [8] [9].

The vertical spectra given in different normative documents (GEO [4], SNiP [5] [6] [7] and
AASHTO [10]) take into account different soil categories obtained by transforming the
horizontal spectrum. The vertical spectrum is given only in the normative document of EN,
and it does not depend on the soil category, which was also confirmed in this research -
regardless of different soil categories, the range of the new spectrum obtained on the basis
of the response spectra of accelerograms is unchanged. Therefore, it is possible to use one
vertical response spectrum for all soil categories.

4. CONCLUSION

The spectra obtained by the impact of accelerograms on the composite steel and concrete
continuous span superstructure with a scheme L=3x63.0 m produce significantly higher
force values than the spectra obtained without taking into account their own fundamental
periods.

As provided in the EN normative document, the following research confirmed that it is
possible to use the same vertical response spectrum for all soil categories.
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Studies have shown that it is necessary to use wide-area spectra for the long period
composite steel and concrete continuous span superstructure with a scheme L=3x63.0 m.
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O PEBMBALE CMEKTPA OA3UBA CYNEPCTPYKTYPE AYHUHE L=3x63,0 M

CAXETAK: NpuanKkom cenamuyKor yaapa, rMaBHM Haracak je cTaB/beH Ha owTehera cTyboBa mocTa
KOju Cy M30N10BaHN O, XOPW3OHTA/IHOT AeTeKTopa 3em/boTpeca. Y CKaagy C TUM, MPU NPOPayvyHy
MOCTOBA, PEAKLMOHMN CNEKTPU A06BMjEHU Ca XOPU3OHTANHOT AEeTEKTOPA 3eM/bOTPECA CE KopUCTe U 3a
cTy60Be M 33 Haarpaary. CeMammyka oTNOPHOCT MOCTOBA je BEOMA BaXkHa, MOCE6HO 3a Haarpaatbe
Ca BE/IMKMM pacnoHMma. HeonxoAHO je KOHCTpyncaT AMHaMUYKe KPUBE CEM3MMUYKE OTMOPHOCTU 33
Haarpaghe oapeheHor cuctema. Y pagy je obpaheHa KOMMNoO3MUTHa YennMyHO-BETOHCKa HenpeknaHa
pacnoHcKa Haarpagrwa ca wemom L=3x63,0 m, Ha KOjoj CMO AUPEKTHOM AUHAMWMYKOM METOAOM
M3BPLUMAM Cefam peanHUX 3eM/bOTPeca 3a CBE TPU KaTeropuje Taa U nsrpaauan pedepeHTHe cnektpe
op3vBa. Ha ocHoBy pobujeHor cnektpa ogsvBa M MeTogosiornje npegsuheHe pasanuUTUM
HOPMaTMBHUM AOKYMEHTUMA, U3BPLUEH je NpopayyH ogabpaHe Hagrpagte n oapeheHe BpujegHoCcTU
cuna. Juckycurja: Ha ocHoBy fo06ujeHMx pesynTtaTta ca pepepeHTHUM CMeKTpMMa OA3MBa U KPUBUX
0aTUX Y HOPMATUBHO]j AOKYMEHTALM]M, YUPTaHU Cy rpaduKoHM 1 oapeheHa KoMNo3uTHa YeanyHa u
H6eTOHCKA HenpeKMaHa pacnoHCKa Haarpaatba ca wemom L=3x63,0 m BepTUKANHOr CNeKTpa 0A3MBa.

KroyuHe pujeyu: hpekseHyuja Had2padre, nepuod, 8epmuKasaHU criekmap 003usa
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