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THE RESEARCH OF THE DEFLECTED MODE FOR THE STEEL TRUSS
BRIDGE SPAN WITH UPPER-LEVEL TRAFFIC BY THE COMPUTER
MODELING METHOD

Purpose. To confirm the result of bridge span classification by using the computer modelling for truss span with
upper-level traffic and polygonal lover belt and to determine minimal sufficient complexity of computational model
that provides a possibility of adequate numerical calculation of given structure. Methodology. The result confirma-
tion was executed by the comparison of stresses, that were yielded as a result of truss’ model loading with loads of
predetermined class, with allowed stresses that were adopted for the determination of the afore-mentioned loading.
The determination of optimal computational model was performed by the comparison of calculation results for
models of different complexities. Findings. The results of the span modelling are similar enough to the results of it’s
calculation, which confirms the accuracy of both methods and provides obvious idea about work of truss elements
and critical places. The comparison of calculation results of different models showed that the using of shaft model
with hard junctions and elements’ bending accounting is optimal. Originality. Computer modeling was used to con-
firm the results of span classification, which was conducted by the standard method. An optimal computational
model was determined for trusses that are similar to given. Practical value. Results of analytical calculation were
confirmed with demonstration of critical elements and obvious demonstration of results. The optimization of the
model allows to lower calculation time and complexity of executing them for similar trusses.

Keywords: truss; classification; finite element method; FEM; modeling; optimization

Introduction In 2015 the survey of single-track railway steel
bridge that was designed according to standards of
1886, that is still being operated, was performed by
the engineers of Industrial research laboratory of
artificial structures of Dnipropetrovsk national
university of railway transport named after acade-
mician V. Lazaryan.

Based on the survey results the classification of
spans was provided, of span 0-1 in particular. The
span is represented by metal truss with upper-level
traffic and parabolic lower belt. The grid type is
triangular with additional struts. Trusses are com-
bined with the system of lengthwise and lateral

For the bridges, that were designed according
to old design standards and are operated for a big
period of time, the bearing capacity should be reg-
ularly be checked for the reasons of prevention of
accident due to the increasing of loads and opera-
tional conditions changes. For such structures the
actual bearing capacity is being determined con-
sidering the flaws and damages that have occurred
during operation period. The bearing capacity of
steel railway bridges in Ukraine is being deter-
mined by the classification method according to
GSTU 23.6.03.111-2002 [1]
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bonds into single spatially permanent structure.
The full length of span 0-1 is 46,05 meters; rated
span is 44,66 meters (Fig. 1).

-

Fig. 1. General view of truss

Truss belts have T-shaped -cross-section.
Lengthwise bonds and struts have X-shaped cross-
section, except strut L3-U4, which has T-shaped
cross-section. Lengthwise bonds are installed in
the belt’s plane and lateral ones are installed in
struts’ plane.

The bridge was put into operation in 1903. The
spans were manufactured in 1902 with the cast
iron. The bridge was damaged in 1944. Span 0-1
and it’s support were renewed in 1952.

The feature of span’s design is the absence of
gusset plate on the elements of upper belt, so that
slanted struts are attached directly to the vertical
plate of T-shaped cross-section of the belt. In plac-
es of strut’s attachment the inserted gussets are
installed. Upper belt junctions are located outside
of truss joints and are enhanced with joint patches.
Struts are attached to the belts and gusset plates
with double-shear rivets.

Truss lower belt has polygonal shape and is joined
with path gusset plates of sheet metal. It is attached to
the joint gussets with the double-shear rivets.

Purpose

Based on the results of classification by standard
analytical method according to GSTU 32.6.03.111-
2002 [1] the decision was made to conduct numerical
analysis of the span by its modeling with purpose of
confirmation of classification results and creating the
purpose of evident demonstration of deflected mode
of the span and its critical elements.

For the numerical computation the finite-
element method was chosen. The model imple-
mentation was executed using “Lira” software
complex. But on this stage some questions have
arisen about computational scheme development,
that are based on following facts:

—  On areas near the bearing axis the crossections
to length ratio is quite big for the elements (Fig. 2);

—  Following the aforementioned fact we will get
some elements that can be modeled only as plates;

—  For small enough elements, we cannot ac-
cept the hypothesis of hinges in truss joints.

|2

Fig. 2. Truss area near the support

Modern FEM software allow to perform the
calculations with almost infinite accuracy, but, ob-
viously, with increasing model complexity com-
puter and human resources needed for performing
a calculation will increase exponentially. So the
decision was made not to create very detailed
model, but to find such a complexity that while
retaining sufficient precision would spend minimal
time and recourses on computation.

So the purpose of the work consists of two
parts:

—  Sing optimal computational model for the
truss;

—  Perform the verification of classification
results for the span.

Methodology

Modeling methods. Finding the model of opti-
mal complexity was performed through the com-
parison of some models with gradual increasing of
detailing level:

1. Plane bar model with hinge joints — stand-
ard way of truss computations that gives the possi-
bility to get accurate enough results for most of
grid structures;

2. Plane bar model with accounted bending
work for elements — by introduction of rigid bonds
in truss joints;

3. Plane system with combined plate and bar
elements;

4. Spatial scheme with combined plate and
bar elements.

First model was used to build influence lines
for the span classification. All the elements except
near support areas were represented as bars that
can bear axial loads. Elements’ stiffness were rep-
resented parametrically (FE Nel in “Lira” soft-
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ware). Near-support areas were represented as
plate elements for all models because of quite big
height to length ratio with leads to inexpediency
and inaccuracy of representing given area with
small enough quantity of bar elements (Fig. 3).

it AAAAAA Sy

Fig. 3. Computation model for bar schemes

The second model has geometry scheme identi-
cal to the first. Stiffness of elements were again
represented parametrically (FE Ne 2 in “Lira”
software). The difference lies in allowance for the
bars to bend and in bending moment transfer
through joins (application of rigid joints). The
change of model by including bending was condi-
tioned by the truss design and, firstly, L1-U3 strut
(see Fig. 2, Purpose). As the picture shows, the
free length of the strut in quite small. Moreover, it
has quite small compression stiffness together with
very large bending stiffness of upper belt element
(U1-U3). All of the abovementioned reasons let us
recon that the upper belt element receives part of
the loading through the bending.

The utilization of the third model is caused by
the design of truss belts. Its elements have T-
shaped cross-section with quite large height of ver-
tical plate (Fig. 4).

Fig. 4. Cross-section of upper belt element: the height of
vertical plate is 500 mm.

Based on the abovementioned assumptions we
can suppose that such a design can influence the
work of both struts and belt elements because of
free length reduction and partial reception of loads
due to elements’ bending work.

Model was created with the combination of
plate and bar elements not only in near-support

areas but also on the whole length of upper and
lower belts. For belt elements vertical sheets were
modeled directly as plated of needed thickness and
horizontal sheets — with bar elements with equiva-
lent stiffness assigned parametrically so, that total
stiffnesses of plate and bar were equivalent to the
belt element’s stiffness.

The next model is, in fact, the spatial applica-
tion of previous problem. Two main trusses that
were designed as described before were modeled
for it. Given trusses were bonded with lateral ele-
ments according to original truss design. For all the
bonds bar elements with parametrical stiffnesses
were used (Fig. 5).

Fig. 5. Spatial truss’ model. Consists of two bonded
plane models

Further the comparison of results was conduct-
ed for all four computational schemes and the op-
timal one was chosen.

The calculation verification method. Usually
when talking about the work connected to the de-
sign, the problem is being solved that consists of
determination of minimal needed cross-section for
the element and is based on the data that includes
loads on structure end material properties. Also,
from the material and element properties and the
check has place that includes the comparison of
element’s bearing capacity and stresses that are
caused by external loads.

E+M£R.
4

At the same time, classification method that
was used for the span calculation implies the solu-
tion of problem vice versa. Having such input data
as geometrical parameters of the span and material
properties we need to find element’s bearing ca-
pacity (according to GSTU 32.6.03.111-2002 the
bearing capacity is calculated as maximum allowed
equivalent load and is then expressed as a class
through the reference equivalent load.
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Unfortunately, Lira software, which was used
for influence lines calculation for the span calcula-
tion, doesn’t let us conduct such a computation
directly. So the calculation verification or refuta-
tion can’t be performed through the direct compar-
ison of the results. Instead of it the following algo-
rithm was used for the verification:

a) To choose an element, which class we
need to verify;

b) For it to choose equivalent distributed
load, that was yielded as an allowable temporal
load by the classification method;

c) To load the truss model with given intensi-
ty thus modeling maximum moving load for the
element;

d) To perform a numerical model calculation;

e) To look for stresses in the element, which
needs the result verification.

The verification of calculation results is con-
ducted by comparison of stresses that arise in truss
element with material strength, which was accept-
ed for element classification. L.e. if the stress in the
element equals it’s material strength, then the ap-
plied load is actually maximum transient load for
given element.

In fact thus we solve the problem of stress de-
termination in the element based on data that was
yielded using maximum allowed stress.

The shortcoming of this method is that for each
element unique loading must be created. Even for
elements with the same classes equivalent loads
will differ depending on influence line parameters.

Findings

For computational models comparison the in-
fluence lines were built. For the apparency of re-
sults representation let’s consider influence lines
for upper and lower belt elements and also for
shortest and longest struts (Fig. 6 and 7).

Comparing influence lines we can see follow-
ing differences:

1. Only for the first model influence lines
have straight contours. Obviously, this can be ex-
plained by the absence of elements’ bending work;

2. Form and ordinates of influence lines
yielded by third and fourth models are almost iden-
tical (Fig. 8 and 9);
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Fig. 6. Influence lines for struts by first model

3. Form and ordinates of second and third
model influence lines differ by negligible values.
Thus of the last three models the bar one with
bending work accounting is enough for truss calcu-
lation.

4. Computations results for first and second
bar models visibly differ one from another. Ordi-
nates of lengthwise forces for the second model for
belts are lower than first model ordinates by values
up to 10 %, but within the panel nonzero values of
moment influence lines appear;

5. For the long enough struts the difference
between first and second model is negligible;

6. For small enough struts (firstly L1-U2) in-
fluence line ordinates may differ by quite large
value — two times and more;

7. Stresses in vertical struts for the second
model are up to three times lower than for the first
one. Obviously, it is due to bending work of upper
belt.
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Fig. 8. Influence lines for strut L1-U3 by third and
fourth model

Fig. 9. Influence lines for element U§-U11 by third and
fourth model

Thus the modeling results imply that the bar
model with bending work accounting is optimal by
the complexity and accuracy for trusses with rigid
joints.

Moreover while verifying the classification re-
sults that were acquired using regular bar model
it's necessary to pay attention to the bending mo-
ments in belt elements. Also the classification re-
sults of struts may have been lowered. But, be-
cause according to classification results these ele-
ments are not critical, belt elements must be re-
vised primarily (element L3-L5 is critical one).

For verification of classification and modeling
results using the abovementioned method stresses
in elements were calculated by two models — bar
one with accounting of bending work and spatial
model that combines bar and plate elements.

Thus for element L3-L5 is 5,31 which corre-
sponds to distributed equivalent load of 85,64
kN/m (dynamic and reliability indexes included).
Besides temporal load the dead loads of truss (is
calculated automatically by the software) and
bridge deck (assumed to be 22,6 kN/m) was ap-
plied.

When calculating the spatial model we have the
possibility to yield stress magnitudes in elements’
points directly, which allows skipping all the cal-
culations after modeling and shows graphically the
deflected mode of the span. Fig. 10 shows, that in
every case of distributed load the most stressed
element is actually L3-L5. On Fig. 11 the truss
fragment, which was calculated, is shown with
contour plots of stresses as computation results.
Given fragment distinctly shows that element is
actually of interest for given calculation. Obvious-
ly, its stresses reach up to 171 MPa.

Fig. 10. General view of deformed beam with stresses’
contour plots

Thus the difference between classification
method and spatial modeling method turns out to
be (185...171)/185=7,6 %, which is acceptable.
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Fig. 11. Truss fragment for element L3-L5 with stress
contour plots

Based on modeling results for bar scheme with
analogous loads longitudal forces in the elements
were yielded that were then used to obtain stress
values. Fig. 12 and 13 show fragments with ele-
ments L3-L5 and information about it in two points
(beginning and end of the element).

Vicle|w|% T |a)
N [

[T [Ewa

Fig. 13. Info for the ending point of L3-L5 element

Calculating stresses for the first point: from the
longitudal force we yield:

N 4395

A 264

=16,65 kN/cm® or 166,5 MPa.

Stresses from the bending moment in the
stretched edge
oo M-y 1445-8,397

=0,235 kN/cm®
1 51544,5

or 3,35 MPa.
Shear stress

_0-S 28,36-1346,05

T= = =0,193 kN/cm®
b-I 3,84-51544,5

or 1,93 MPa.
Total stress from longitudal force and moment
6=166,5+2,35=168,85 MPa.

Total overall stress

G, =+/168,852 +3-1,93% =168,9 MPa.

Here we have the deviation with classification

of 8,7 %, which is still allowable.
For the second point: from the longitudal

force

c= ﬁ = @ =16,66 kN/cm® or 166,6 MPa.

A 264

Stresses from the bending moment in the

stretched edge

M-y _11502,9-8,397

=1,874 kN/cm?
1 515445

or 18,74 MPa.
Shear stress

._0-S _19,07-1346,05

=0,130 kN/cm?
b-1  3,84-51544,5

or 1,30 MPa.
Total stress from longitudal force and moment

6 =166,5+18,74=185,34 MPa.

Total overall stress

G, = /185,347 +3-1,30> = 185,35 MPa.

Which is almost identical to the rated stress
value of 185 MPa.
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Originality and practical value

Optimal by complexity and accuracy calculat-
ing model for truss spans with rigid joints and
large bending stiffness of elements was found. Fur-
thermore this will allow to yield accurate enough
results of calculation for analogous spans without
using excessive computer time and labour.

Numerical calculation was used to verify the
results of its classification and visual indication of
critical elements. Using of this method further lets
us provide estimating calculations of spans and
results verifying, both direct and reverse with less
labor.

Conclusions

Based on the results of bearing capacity deter-
mination of steel span of old standards by classifi-
cation method and following application of finite-
element modeling that were published in this work
the following conclusions can be drawn:

1. By using numeral calculation of the span
by FEM its calculation results by the classification
method were verified and for an element L3-L5 it
was verified as critical one.

2. Applying the computer modeling for the
research of deflected mode of bridges under the
load that actually revolves on the stage of bridge
operation allows to draw visual state of critical
deflections and stresses in the elements and to
make a decision about its bearing capacity renewal
in time.
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JOCJIIZKEHHSA HAITPYKXEHO-IE®@OPMOBAHOI'O CTAHY
METAJIEBOI MPOIOHOBOI BYJIOBU 13 HACKPI3HUMU ®EPMAMU
3 131010 HOBEPXY METOJOM KOMII’FOTEPHOI'O
MOJIEJIOBAHHA

MeTa. 3a JOIIOMOTOI0 KOMIT IOTEPHOTO MOJEIIOBAHHS MiATBEPANUTH PE3yJbTaTH Kiacudikauii nporoHoBoi Oy-
JIOBH MOCTY y BUIJIAI (hepMU 3 1300 BEPXOM 3 MOJITOHAJIHHAM HUKHIM IMOSICOM 1 BU3HAYUTH MiHIMAaJIbHY HOCTAT-
HIO CKJIQIHICTh PO3PaxyHKOBOT MOJIETI AJIsI MOXKIIMBOCTI a€KBaTHOTO YHCEIHHOTO PO3PaxXyHKY JaHOI KOHCTPYKIII.
Metoauka. [linTBepmKeHHS pe3yabTaTiB BUKOHYBAJIOCH 32 JOMOMOTOI0 TOPIBHSIHHS HANPYXKEeHb, M0 Oy OTpH-
MaHi B pe3yNbTaTi 3aBaHTAXEHHS MOJENi ()epMH HaBaHTAKEHHSIM BH3HAUEHOTO TONEPEAHBO KJacy 3 AOIyCTUMHMH
Hanpy>KeHHAMH, AKi 1 Oyiu MpUHHATI A1 BU3HAUEHHS BUILEBKA3aHOTO HABAHTAKCHHS. 3HAXOMKECHHS ONTUMAIIbHOT
Mojeni ¢epmu Oylo BHKOHAHO MOPIBHSHHIM pe3yJbTAaTiB PO3PAaXyHKY sl MOjenedl pi3HOi CKJIaJHOCTI.
PesyabTaTn. Pe3ynpTaté MOIENIOBaHHS MPOTOHOBOI CHOPYAM JOCTaTHHO TOYHO CIIBIIAAAIOTH 3 Pe3yiIbTaTaMH il
PO3paxyHKy, 110 CBIIYHUTH IPO BIpHICTH 000X METO/IB 1 1a€ HAOYHE YSBIICHHS PO poOOTY eleMeHTIB (epMH a Ta-
KOX KpUTH4HI Miclsl. [TopiBHSIHHS pe3ysbTaTiB po3paxyHKy Ha PI3HHX MOJENSX I0Ka3ajo, 110 ONTUMAaJIbHUM € BH-
KOPUCTaHHSI CTEP)KHEBOI MOJETl 3 OJKOPCTKMMH BYy3JlaMH 1 YypaxyBaHHSAM pOOOTH €JEeMEHTIB Ha 3THH.
HayxoBa HoBu3Ha. Byno BUKOpHCTaHO KOMIT IOTEPHE MOJETIOBAHHS ISl MIITBEPIUKEHHS pe3yiIbTaTiB Kiacudika-
il IporoHoOBoi cropyaM, Mo OyJI0 BUKOHAHO CTaHJApTHUM po3paxyHKoM. J[ist ¢epM aHaIOTIUHMX KOHCTPYKLIH
BCTaHOBJICHO OINITHMAJIbHY CKJIaJIHICTh po3paxyHKoBoi mozeni. [lpakTuuna 3nHaunmicTe. Byno miareepmkeHo pe-
3yJIBTaTH aHATITHYHOTO PO3pPaxyHKy IPOTOHOBOI CHOPYAM 1 MOKa3aHO KPUTWYHI il €JIEMEHTH 3 HA0YHOI EMOH-
cTpariero pe3ynpTariB. ONTHMIi3alis MOJIENI JO3BOJISIE 3MEHIIIUTH KOMIT IOTepHHUH Yac i CKIIJIHICTh BUKOHAHHS PO3-
paxyHKIB 11 hepM aHAJIOTIYHOT KOHCTPYKIIIi.
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UCCJIEJOBAHUE HANIPSI)KEHHO-TE®OPMHUPOBAHHOI'O
COCTOSIHUS METAJJIMYECKOI'O MMPOJIETHOIO CTPOEHUSA CO
CKBO3HBIMH ®EPMAMMH C E3101 IOBEPXY METOJIOM
KOMIIBIOTEHOI'O MOAEJINPOBAHUA

Hesab. C mOMOIIBI0 KOMITBIOTEPHOTO MOJAEIHPOBAHUS MOATBEPANTH PE3yIbTaThl KIACCH(DHUKALUN TPOIETHOTO
CTpOEHHS MOCTa B BHJIE (pepMbI ¢ €3/101 MTOBEPXY C MOJUTOHAIBHBIM HIXKHUM T0SICOM U OMPEACIUTh MUHUMAIIbHYIO
JIOCTaTOYHYIO CJIOKHOCTb PACYETHONM MOZENMU [UIsl BO3MOXKHOCTH aIeKBaTHOI'O KOJIMYECTBEHHOI'O pacuéra JaHHOU
KoHCTpyKiuu. Metoamka. [TonTeepxieHre pe3ysIbTaToOB ObUIO BBIOJHEHO C MOMOIIBIO CPABHCHHS HANPSHKCHUH,
KOTOpbIC OBLTH MOJIyYEHBI B Pe3yJIbTaTe 3arpy3Ku Moieiu (hepMbI HArpy3KOi paHee OnpeIesIEHHOrO Kiacca ¢ IOMy-
CTHMBIM HalpsDKEHHUEM, KOTOpOe ObLIO IPHHATO JUIsl ONpEeesICHUs BhllIeyKa3aHHO# Harpy3ku. Haxoxnenue onrtu-
MaJIBHOW Mojeau epMbl OBUIO BBHIIOJIHEHO CPAaBHEHUEM PE3yJbTATOB pacdyéra I MOJIENeH pa3HON CII0KHOCTH.
Pe3yabTatel. Pe3ynbrartel MOAeNUpoBaHUs MPOJETHOIO CTPOEHUS AOCTATOYHO TOYHO COBIALAIOT C PE3YJIbTaTaMu
e€ pacu€ra, 4TO TOBOPHUT O MPABHIBHOCTH 00OUX METOJOB M MaET OYCBHIHOE MPEICTABICHHE O paboTe 3JIEMEHTOB
(hepmsbl 1 e€ KpuTHIECKNX MecTaX. CpaBHEHHE Pe3yIbTaTOB pacuéTa pa3HbIX MOJENeH MoKa3ano, YTO ONTHMAaTbHBIM
SIBIISICTCST MCTOJIB30BAHUS CTEPXKHEBOH MOIENMH C KECTKUMH Y3JaMH M Y4eTOM pPaOOTHI AIIEMEHTOB Ha H3THO.
Hayuynasi HoBU3HA. BUTO NCTIOTP30BaHO KOMITBIOTEPHOE MOACTHPOBAHUE IS TOATBEPKIACHHUS PE3yIbTaTOB KJlac-
CHU(UKAIMA MPOIETHOTO CTPOCHUS, BBIITOJTHEHHOW CTaHAAPTHBIM pacd€éToM. s ¢epm aHAIOTHYIHOW KOHCTPYKITH
OIpe/ielieHa ONTUMAJIbHAS CJIOKHOCTh pacyéTHoil mozend. IlpakTuyeckas 3HAYMMOCTh. BbUIM MOATBEPKJICHBI
pe3yNbTaThl AHATUTHYECKOTO pacuéTa MpoJIETHOTO CTPOCHHUS U TTOKA3aHbl €70 KPUTUYECKUE DIIEMEHTHI C HATJISAHBIM
MPpEACTABIICHUEM PE3YJIbTATOB. OHTI/IMI/ISaHI/lﬂ MOAECJIH MO3BOJACT YMCHBIIUTE KOMIBIOTEPHOC BPEMSA U CJIOKHOCTH
BBITIOJIHEHHS Pacu€TOB JUIsl ()epM aHAJOTUYHBIX KOHCTPYKLIUH.

Kniouesvie cnosa: dpepma; knaccuukaius; MeTo]l KOHEYHBIX dneMeHToB; MKD; MoenupoBaHue; ONTHMH3AIHS
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