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USING OF FINITE ELEMENT MODELING FOR DETERMINATION
OF BUCKLING POSSIBILITY IN LENGTHWISE STIFFENERS OF
ORTHOTROPIC PLATE FOR BRIDGE SPANS UNDER
OPERATIONAL LOAD

Purpose. The purpose of this research is definition causes of deformation the longitudinal ribs orthotropic plate
of the box span structure under the railway. Methodology. For solving the problem method was used of finite ele-
ment modeling. Considered specific metal box span structure set on bridge of Darnytsa crossing in Kiev. The model
is loaded in accordance with the actual load, circulating in the area. Findings. As a result of simulation received
stress-strain state of the beam in the case of loss of stability in one of its ribs. Based on the analysis results showed
that the model and variant of its load, closed to the real, do not support the assumption that the deformation of the
longitudinal ribs orthotropic plate metal of the box span structure is due to the losses of their stability. Originality.
For the first time been modeled metal box span structure in accordance with the real load, and Achieved Skill com-
parison of obtained results with established by the researched. Practical value. The results of the research may be
used in the furthered exploitation of the metal box of spans of the bridge Darnytsa and refinement of the calculations
of this type of structures.

Keywords: the bridge of Darnytsa; loss of stability; longitudinal ribs; orthotropic plate directions; finite element
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Entry Bridge has two divided automobile passages —
from left bank to right and vice versa — and rail-
road passage.

Bridge includes watercourse and floodplain
parts that have common supports for railway and
automobile spans and left bank and right bank
ramps with junctions in separated levels.

In spans 1 to 12 of watercourse part there are
two-track continuous beams (one with three spans
and two with two spans). In spans 12 to 17 contin-
uous combined span is located with two outer
beam spans and three arch spans made by scheme
56,5+3x111,6+56,5 m.

On the left-bank overpass of railway ramp in
spans 17-1, 1-11 and 17-18 of left and right rail-
ways split welded metal beams with rated span of
33,6 meters with ballast track that are manufac-
tured on the «Kurganstalmost» factory according
to the standard project Ne 2210 of design institute
«Hydrotransput» (Russia), that was approved and

Combined automobile and railroad Darnytskiy
bridge across Dnipro river in Kyiv is being built
since 2004. Now both directions of automobile
traffic and railway traffic are open.

Fig. 1. General view of bridge’s main spans
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put into operation since 01.06.2002. Project docu-
mentation that was executed by subcontractor
«PLC “Hyprotransmost™ for named spans, was
accepted and included to object’s project by gen-
eral designer of bridge across r.Dnepr in Kiev «Ki-
evdniprotransy.

On the part of left-bank railroad ramp from
support Ne 11 to support Ne 17 spans of each track
made continuous with bearing on metal welded
transversal girth rail for providing of spit-level in-
tersection with automobile ramp to upstream pas-
sage.

Right-bank ramp is located on industrial territo-
ry. Its length equals nearly 1,3 km. For providing
of spit-level intersection with downstream auto-
mobile passage and old road of quay highway st.,
railroad tracks were located on metal overpass. Its
length reaches 800 m.

Designs of structures (spans and supports) were
approved to be similar to those of left-bank ramp.

Two-track railroad overpass of right-bank ramp
was built according to project of «Kievdnipro-
trans» institute and has 24 spans that are over-
lapped by metal welded integrally transported
beams with rated length of 33,6 m.

Spans that are built according to standard pro-
ject Ne2210 have main girders of box-shaped
cross-section with metal orthotropic plate of ballast
trough.

Inspan section Above-support section
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Fig. 2. Cross-section of overpass’ beam

Main girder (main block) of span with rated
length of 33,6 m according to project Ne 2210 has
U-shaped cross-section and consists of two vertical
sides, upper belt that is orthotropic plate and two

horizontal plate of lower belt. Orthotropic plate of
upper belt has transverse slope of 0,03 from span’s
axis for outflow of water from ballast trough to
drain pipes.

Horizontal plates and vertical ridges are fixed
to span’s main block by high strength bolt. Main
integrally welded box-shaped block of the span can
be transported by railway transport.

To overlap the gap between spans, metal plates
that match the form of ballast through are placed
above the supports. The gap between spans for left
and for right track to prevent the spill of ballast is
also overlapped by metal plates.

All the spans of right-bank ramp are supported
by bearings made according to standard design
Ne 1263 with sector-type movable bearings. Bear-
ings are located on the supports on axes of vertical
sides of box-shaped cross-section of main girders.
Movable bearings are located in protecting metal
case.

Purpose

During bridge survey by Industrial research la-
boratory of artificial structures (GNDL SS) some
transversal curvatures of lower part of lengthwise
stiffeners of orthotropic plate in spans that were
described earlier of left- and right-bank railroad
ramps.

Part of curved stiffeners of their general quanti-
ty reaches up to 4 %. Maximum value of curvature
amounts 8§ mm with allowed curvature value of
3 mm. However the quantity of curvatures of
2...3 mm is much bigger than the quantity of those
of bigger values.

According to Laboratory’s conclusions analysis
of deformation forms evidences that curvatures are
not the result of stiffeners’ buckling.

This is supported by following circumstances:

— In orthotropic’s plate compartments be-
tween transversal stiffeners the deformations of
lengthwise stiffeners in all cases either are ob-
served not on total length of the stiffeners but on
only part of them or have S-like configuration of
curvature;

— Generally, within the compartment there is
only one deformed lengthwise stiffener;

— Although all the spans of left-bank and
right-bank ramps are subjected to equal loading
conditions, have the same design and compartment
location of orthotropic plate, the deformation of
lengthwise stiffeners is not observed on every span
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but only in individual compartments of orthotropic
plate;

— All the spans are designed for perspective
loading C14 with maximum axle loading of 35
tons, which exceeds existing axle loading by the
amount of nearly 50 %.

Along with that the welding of lengthwise stift-
eners to horizontal plate and transversal stiffeners
by two-side welds on the final stage of span’s
manufacturing in tight conditions can lead to ap-
pearance of thermal deformations of relatively
flexible stiffeners of orthotropic plate.

There isn’t any information or indications that
after the welding on the factory the correction of
lengthwise stiffeners had taken place.

Besides the analysis of curvature forms, static
and dynamic tests of these spans were performed
by the Laboratory in order to identifying of actual
working conditions of stiffeners under the loading
considering their curvatures.

For static tests the locomotive VL80T was
used. For ten of its situations on the span stress
was measured in two pairs of stiffeners of ortho-
tropic plate. Whereby the pairs of stiffeners were
chosen so that theoretical stresses in each pair were
equal, but practically one of them was curved and
the other one wasn’t.

The test data shows the absence of dispropor-
tionally big deformations or stresses in stiffeners
during spans’ loading (fig. 3). This result also
shows the absence of local buckling in stiffeners.

Methodology

Despite this, the necessity of buckling possibil-
ity of stiffeners of orthotropic plate during spans’
operation has arose. For this the decision was made
to use the numerical solution of the beam using
finite element modeling.

The model’s solution consists of following
steps:

—  Construction of beam’s calculation model;

— Finding of such loading distribution model
that corresponds best to the real one of this beam;

—  For found loading distribution type finding
such magnitude that causes the buckling in beam
elements.

As a geometric model, rather simple beam
made of surface elements was used. Some basic
calculations showed that such a model is sufficient
enough for our needs.
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Fig. 3. Span loading scheme for static tests

Another situation occurred with the adequate
representation of the load. For finding the load dis-
tribution model the results of static tests on spans
were used. The results of solution for some version
of model were compared to results of static testing.
And to equalize them the corrections were made to
model loading.

There are some existing models for distributing
the wheel’s load on several sleepers by the means
of the rail. Most used are linear distributions on
three and on five sleepers. Calculations showed
that these distributions don’t represent actual load
for the case of these tests. By means of some heu-
ristical and empirical adjustments the loading
model that represents the test loads most. It turned
out to be hyperbolically shaped with distribution
on five sleepers.

After this, using finite-element modeling, buck-
ling problem was calculated. As result we got an
adjustment index for conditionally unitary load
distribution (that is the load of one locomotive
VL80T that was used during static tests), which
adjusts the loading to the point where buckling
occurs.
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Findings

The index, that was found that way amounts
6,76. Thus we can say that with static load with
axles positions identical to those of locomotive
VL80T, the load per axle should reach
23,75%6,76=160,55 tons to achieve buckling in the
beam. In addition to this, modeling showed that
buckling will at first occur not in lengthwise stiff-
ener of orthotropic plate, but in the beam’s side
near the over-support section and in the over-
support diaphragm.

ANSYS
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Fig. 4. The fragment of beam model showing finite-
element meshing

Fig. 5. An example of beam model loading
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Fig. 6. Deformation contours when modeling critical
loads

It’s rather easy to calculate now, that equivalent
loading for such situation equals 383,48 kN/m, that
could correspond to loading class C34, but such
loading is not only larger than any of those that are
in rotation on the railway but also larger than any
loading that is considered as a perspective one.

Although very important remark would be that
found loading doesn’t consider dynamic part of
loads and the real load will be smaller. So consid-
ering dynamic factor the loading makes:

383,48
1+L
27+33,6

=329,16 kN/m

This corresponds to loading class C29, that is
still twice as large as perspective rated loading.

Conclusions

Thereby we can guarantee that during spans’
operation, if significant violations of operational
conditions are absent, the buckling of stiffeners of
orthotropic plate cannot occur.

Also this work once again shows that finite el-
ement methods are quite useful, convenient and
rather easy methods for solving otherwise complex
engineering problems.
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BUKOPUCTAHHSA CKIHYEHO-EJIEMEHTHOTI'O MOJEJIIOBAHHA
JIJIS1 BABHAYEHHS MOXKJIUBOCTI BTPATHU CTIMKOCTI
MO3JI0BXXHIX PEEEP OPTOTPOITHOI IIJIUTU B IPOTOHOBIN
BYJIOBI IIPU EKCILTYATAIIIMHOMY HABAHTAKEHHI

MeTta. MeToro AaHOTrO JOCIIIKEHHS € BCTAHOBJICHHS NPUYMH Ae(OpMyBaHHS MO30BXKHIX pedep OpTOTPOIHOL
IUTUTH KOpOoOYacToi MpOTroHOBOI OyA0BH MiJ 3ai3HUYHUM HaBaHTaKeHHSAM. Metoauka. s po3B’s3aHHs 3amadi
BUKOPHCTOBYBABCSl METO/I CKIHYEHO-EJIEMEHTHOI'O MOJIEJIIOBaHHs. Po3riisiHyTa peajibHa MeTaiieBa kopodyacra 1po-
roHOBa Oy/10Ba BCTaHOBJICHA Ha [lapHUIIBKOMY MOCTOBOMY mepexoii y M. Kuepi. Mo/iesib HaBaHTa)XeHa y BiJIOBI/I-
HOCTI JI0 peaJbHUX HaBaHTaXeHb, L0 00EpTalOThes Ha NaHiil AiasHUi. PedyabraTn. B pesynprari MonentoBaHHS
OTpPHUMaHO HaIlpy>KeHO-1e(opMOBaHMI CTaH OaJKK /I BUIIAJIKY BTpATH CTIMKOCTI B ogHOMY 3 ii pebep. Ha ocHoBi
aHaJli3y pe3ysbTaTiB BCTAHOBJICHO, 1[0 3aCTOCOBAaHA MOJICINb 1 BapiaHT il 3aBaHTaXKCHHsI, HAOMKCHUH 10 JIHCHOTO,
HE MIATBEPDKYE TPHUITYIICHHS, 110 jJedopmariis mo3aoBkHIX pedep OpTOTPONHOI IIMTH MeTajieBoi KopoOJacToi
MIPOrOHOBOT OYJIOBH BiIOysach B pe3yJIbTaTi BTpaTH iX cTiiikocti. HaykoBa HoBH3HA. Briepiiie BUKOHAHO MOJIEIIO-
BaHHS MeTalIeBOI KOpoOYacTol MPOroHOBOI OyA0BH Y BIAMOBIAHOCTI A0 MIMCHHUX HABaHTa)KE€Hb, Ta BUKOHAHO ITOPiB-
HSIHHSI OTPUMaHUX PE3yJbTATiB 13 BCTAHOBICHUMH JOCHiAHMX muisxoMm. [IpakTuyna 3HauumicTtb. Pesynbpratn BU-
KOHAHOTO JIOCIIHDKEHHS MOXKYTh OyTH 3aCTOCOBaHI MpH MOJANbBIIINA eKCIUTyaTallii MeTaJleBUX KOpOOYaCTHX MPOro-
HOBUX Oy110B JIapHUIIPKOTO MOCTOBOTO MEPEXOTY Ta MPH YTOUYHEHHI PO3PAaXyHKIB JAHOTO THITY KOHCTPYKIIIH.

Kniouosi cnosa: JlapHUnbKUil MicT; BTpaTa CTIHKOCTI; MO3A0BXHI pedpa; OPTOTPOIHA IUINTA MPOI3AY; METO.
CKIHUEHUX €JIEMEHTIB; MO/ICITIOBAHHS
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NCITOJIB30OBAHUE KOHEYHO-2JIEMEHTHOI'O MOJAEJIMPOBAHUA
JIJISI ONTPEJAEJEHUS BO3SMOXKHOCTH NOTEPHA YCTOHMUYNBOCTHU
MNPOJIOJbHBIX PEBEP OPTOTPOITHOM ILIUTHI B IPOJETHOM
CTPOEHUMU ITPU DKCIIVIYATAIIMOHHBIX HAT'PY3KAX

Heasb. Llenpo JaHHOTO HCCIIENOBAaHUS SABISICTCS ONMPEACICHHE MPUIHH e(OPMHPOBAHUS MPOJOIBHBEIX pedep
OPTOTPONHOMN TUTHTHI KOpoOYaTOl MPOJIETHOTO CTPOCHHS ITOJI KEJIC3HOIOPOXKHOM Harpy3koi. Meroauka. J{ns pe-
IICHUS 3a/Ia9X HCIOIB30BAJICS METOA KOHEYHO-JIEMEHTHOTO MOJICITNPOBaHuA. PaccMOTpeHO peanbHOEe MeTauTinye-
CKOoe KopoOuaToe MPOJIETHOE CTPOCHHE, YCTaHOBIEHHOE Ha J[apHUIIKOM MOCTOBOM Iepexoze B . Kuese. Monens
Harpy’»<eHa B COOTBETCTBHHU C PEaJbHBIMH HAarpy3KaMu, oOpamaromyMHUCS Ha JaHHOM ydacTke. PesyabTaThl. B
pe3ysbTare MOJEIUPOBAHUS IOJYYEHO HAIPsHKEHHO-Ie(OPMUPOBAHHOE COCTOSHME OAJIKW ISl Ciiydasl MOTepu
YCTOWYHMBOCTH B OJIHOM U3 ee pebep. Ha ocHOBe aHann3a pe3ysibTaToOB YCTaHOBJIEHO, YTO UCIIOJb3yeMasi MOJEIb U
BapUaHT €€ HarpyKeHHs, IPUOMIKEHHBIH K HACTOSIIEMY, HE MOATBEPIKIAIOT MPEAMNOIOKEHHE, YTO AePOopMaIlus
MPOJOJIEHBIX peOep OPTOTPOITHON TUTHTHI METAIUTMYECKONH KOPOOYATOH MPOJIETHOTO CTPOCHUS IIPOU30IILIA B PE3yIIb-
Tare norepu ux ycrounBoctu. HayuHnass HoBu3HA. BriepBble BBINOIHEHO MOJEIMPOBAHUE METAJUIMUECKOIO KO-
pOOYATOrO MPOJIETHOTO CTPOCHUS B COOTBETCTBHUHU C PEAlbHBIMU HAIPy3KaMU, W BBIONHCHO CPABHCHHE MOJTYYCH-
HBIX Pe3yJbTATOB C YCTAHOBIICHHBIMH HCCIIEAOBATEIBCKUM IyTeM. IIpakTHyeckasi 3HAYUMOCTh. Pe3ynbTaTel BEI-
MTOJTHEHHOTO MCCIIEJOBAHUS MOTYT OBITh IIPUMEHEHBI IIPH JABHEHIICH SKCIDTyaTalliid METAJUIMIECKUX KOPOOIaThIX
MIPOJIETHBIX CTPOCHUH JJapHUIIKOTO MOCTOBOTO IePeX0/ia U IPH YTOYHEHUH PACUIETOB JAHHOTO THITA KOHCTPYKIIUH.

Kniouesvie crnosa: JJapHUIKUI MOCT; IOTEps YCTOHYHNBOCTH; MIPOAOIBHEIE pebpa; OPTOTPOIHAS IIIUTA MPOE3a;
METOJ] KOHEUHBIX 3JIEMEHTOB; MOJCIUPOBAHHE
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