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Abstract

The article deals with the problem of bridges tate destroyed by natural
disasters, i.e. flooding. The article describesnbed for the rapid improvement
of the communication of traffic, and it provides arample of the village
Radochow, which rebuilt a destroyed bridge usimgneints of a folding MS-54
military bridge. This example demonstrates how dapd the structure, and it
provides construction drawings, and numerical dat@ns.

In the following, another structure adopting thddiog MS-22-80 is
proposed. The proposed concept is different fragnetkisting modular solutions



54 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 3-2016

because it created a computer model for the brigigas that range from 15 to
33 meters. The proposed adaptation of the struchlloeved obtaining the

maximum span of the bridge of 21 meters which & titue limit of bearing

capacity and deflection structure. The conclusighlights the need for further
research on this type of construction, based onmbes complex numerical

models.

Introduction

The current weather situation, both at home artiérworld, causes many
natural disasters. The memorable flood in 1997 exdus lot damage in the
tributary of the Oder River. The greatest damages vexorded in mountain
areas. Flooding rivers damaged or entirely desttopeany objects and
numerous sections of roads and railways. Much dfainpered or paralysed
transportation in south-west Poland. Road-bridggrerers need to immediately
restore the transportation systems.

When a permanent object is a destroyed bridgegritlyzes traffic, which
needs to be unblocked in order to ensure the freeement of vehicles and
pedestrians. The costs of the reconstruction imtesiopossible time favour the
search for alternatives for the construction ofipeis. A good solution seems to
be adopting military bridges for these crossingsereéfore, using folding
military bridges is justified, and they are becogninsignificant solution.

1. Example of an retractable military bridge adaped to permanent use

A reconstruction of a road bridge is an exampleftitient help for local
residents on the river Biatagtlecka in Radochow village (Ktodzko Valley). It
could be carried out due to the use of a militasldihg bridge, which was
subjected to test loading after its installatiori@98-99 (Fig. 1).

One of the noteworthy designs submitted, namely MSwas used in
Radochow. The bridge is composed of sets, enaliliweg development of
a bridge facility with a length of 108 m, consigtinf compartments of 3.16
meters each. Consequently, this will provide alitgavith an adjustable length,
since it can be adapted to specific circumstangkes [

By using modules of the MS-%$ bridge system twéedént bridge designs
can be built: a two-way bridge with a crawler loafl 400 kN, and an
unidirectional bridge with the load of the crawtanging from 400 to 800 kN
[3]. The system uses bayed, double-walled mainegi;dstory (2/1). The spans
have a length of 39.67 meters. Each module hagsa tength of 3.25 meters,
a width of 0.228 m, a height of 2.46 m, and a weigh 0.55 tons. The
construction of the MS-54 is intended for multiplgdd temporary or road
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Fig. 1. A View of tested bridge after completiordahe location in Poland

bridge bypasses, with a two-way roadway, with aaddad width of 6.00 m,
curbs 2 x 0.25 m, and sidewalks of 2 x 0.75 m,tedt@utside the main girders.

1.1. Description of the construction of the new bdge and adaptation
works

In place of the destroyed bridge, the military uaembllapsible MS-54 with
a span length equal to 33.00 m and a width of m9@f usable road (Fig. 2).
Adaptation of the bridge consisted mainly of thiassic" exchange platform on
the bridge in the form of a steel orthotropic platéh added brackets for
walkways with a width of 1.50 m each. This treatinefso affected the
additional stiffening of the whole structure [5].

Joining the adapted elements established a miniintarference with the
existing structural system of the bearing structfréhe bridge, MS-54, by using
the existing structural elements to the maximunexf5]. Due to the relatively
small width of 6.00 m, it was not possible to desfgll-scale pavements for
pedestrians within the span [4]. Therefore, theitamd of a cantilever
construction provided new external sidewalks.
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Fig. 2. Cross-section of the folding MS-54-bridgesitéd for permanent use in Radochéw

In this design, the nodes connecting truss segnierds girders), as well
as the cross members, were stiffened to elimirreanfluence of the clearance
of mounting, which is typical for the spans of fiolgl bridges. Additionally, the
grate bridge was connected with M20 high-strengtiisithat connected joints,
brackets, and sections in the middle. The gratgbrivas stiffened by welding
the elements of the beams with cross members anelWwaorthotropic plate
bridge. Using an existing system of openwork creasiis and stringers,
a bridge in the form of a steel orthotropic platesveonstructed. The platform,
which is completely welded, is composed of sheetamgansversely ribbed
with the ribs resting on the upper stringers ofdkisting shelves (Fig. 2).

1.2. Description of computational analysis

Numerical calculations were carried out that wérentcompared with the
results obtained during tests on the real object.

Calculations were performed for the flat and spad&S models of the
bridge, using bar-, beam- and shell-type finitaredats. The main attention was
paid to modelling the hinges - the truss-modulesnegtors, which play an
important role in the global deformation statets structure (Fig. 3).

The following assumptions were made for calculation

— Calculations are to be performed using MES indRédillennium.

— Finite element calculations are used for thesygfaods and beams.

— Calculations of the beam sections of openworksvaglk omitted.

— In 2D models, loads on the bridge, including ¢kdd, are summarized

as concentrated forces at the nodes of latticeeigird

— In 3D models, the loads on the bridge, includimghicles, are

summarized as elements of grilled flat.
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Fig. 3. Summary of the computational models us¢dihe 2D model of the truss girder; b) The
2D model of the truss girder with the deck; andThg 3D model of truss girders with
a grid platform
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Fig. 4. Calculations involving considered alternesivof the test load of the folding MS-54
bridge, adopted for a permanent object
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Table 1. Comparison of normal stresses (MPa) in etésnof structural computational models

Results from model
Loading scheme S;Zggggi/
2D 2D with deck 3D

Truss 92.53 50.53 70.82

"4” scheme Stringer 42.24 31.78
Cross-beam 11.98

Truss 120.92 68.38 93.23

"B” scheme Stringer 48.12 34.45
Cross-beam 12.02

Truss 132.85 79.80 98.64
"C” scheme Stringer 127.79 103.30
Cross-beam 22.28

The computational model was subjected to statiddpheing equivalent to
real bridge loading under field tests, and alsetémdard loads for the purpose
of comparisons. Three outlines of test loading weien into consideration.
Received results were compared in Table 1 and pie$an graphical form
(Fig. 4), listing stresses and displacements iretaments and nodes of the main
girders, crossbeams, and stringers.

Special attention has been paid to comparing thdteeof calculations with
those estimated from unique field tests of thissobgonducted by the Mostar
Company and Division of Roads and Bridges from @pblniversity of
Technology. Performed calculations showed sligffiedinces, resulting from
adopted research methods about the determinedsagcur

Calculations confirmed that the structure of thidifly MS-54 bridge is
able to carry loads corresponding to Class C coattm (according to Polish
Standards) and, with a modernised deck, it carciaffdy perform the functions
of a permanent road bridge [6].

Accordingly, the author decided to develop a newcept of a military
bridge adaptation on other types of military comstions, such as MS-22-80.

2. Proposal for the adaptation of MS-22-80 bridgedr a permanent object

The general approach taken for the modernizatioa @iflding MS-22-80
bridge applies the following assumptions:

— It is acceptable to weld new elements to modelments.

— The use of new components, i.e. all kinds ofekklements (profiles,
flat bars, etc.) is encouraged.

— The primary goal is to ensure an extension ofeti@oitation period of
the roadway.

— The concepts focused exclusively on the moddinizaof the
supporting structure of the bridge.
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The concept involves a supporting structure thasists of three two-storey,
double-walled beams (Fig. 5) supporting the uppielgb deck. Their spacing is
2.50 m, and the distance between the end wallgual ¢o 5.536 m. Walls of the
upper girder are connected by diaphragms made ifotm of a frame of angles and
flat bars. Systems of crossed sets of isoscele80(x 80 x 6 mm) angles are
concentrated in the two free spaces between thaeshéhe angles are welded to
each other through the flat junction. Welded cotiors are also present at
concentrations connecting the girders.

On the girders, a Bailey crossbeam was used wierggh is approx. 5.60
m. The proposed support for the cross girders mékkause of its length.
Therefore, the bridge provides two lanes of traffi@ach with 3.00 m. The
transverse beams are welded L-equal angles of @0 x 8 mm, which are the
supporting structure of the pavement. To them #@claed barrier handrails.
The pedestrian walkway has a usable width equal.&® m. The angles
L 90 x 90 x 8 mm are also attached to the extrenagd barriers W2 separated
further from the roadway curb (Fig. 5).
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Fig. 5. The proposal for modernization of MS-22-8foss section of the span

2.1. Computational analysis of the construction mael

The design was modelled in a computational compotegram in the 2D
system using beam and rod finite elements. The tadopf two-dimensional
(2D) flat model offers a solution to the problemtiwihe use of simplified
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calculations. Positive results can provide groufamsthe development and
verification of the adopted model in more detail.

The created 2D model was analysed in terms ofdhd tapacity, with the
accepted load Class C, according to PN-85/S-1003®n 6] (Fig. 6). In
addition, the model could be adapted accordinghto d4pan of the examined
bridge, from 18.00 to 33.00 m.

The models were programed with the correspondieg lfivads resulting from
the existing roadway and sidewalks, the structweight, and the uniform loads
from human traffic (labelled G for all added valaeid the vehicle traffic (labelled
Ps for plot frame) located in the middle of the rspangth. All values were
transferred to the nodes that connect the indiVithaalules of bridges (Fig. 6).

| | 4 3300 (3355)

Fig. 6. Schematic layout of the load G and Ps

2.2. Analysis of the results

After performing the calculations for the sevenrspaodels with the range
of 33 to 15 meters, attention was drawn to the mari stress in the structural
beam, i.e. in the crosshead, the pillars, and pipeuand lower belts (Tab. 2).

Table 2. The summary of the obtained stresses aftections of the construction

SGN SGU
(normal stresses [MPa] (deflection [m])
R = 290 [MPa] for 18G2A)
the the
concept lower upper crosshead Pistil received | Max.
belt belt

MS-22-80 (33 m) 274.08 | -231.13 | -172.92 | -381.82 | 0.038 | 0.066
MS-22-80 (30 m) 236.42 | -20068 | -161.44 | -357.97 | 0.029 | 0.060

1| Ms-22-80 (27 m) 196.74 | -167.27 | -149.92 | -334.15 | 0.021 | 0.054
MS-22-80 (24 m) 16445 | -141.20 | -138.44 | -310.50 | 0.015 | 0.048
MS-22-80 (21 m) | 129.92 | -111.78 | -126.79 | -286.80 | 0.010 | 0.042

2| Ms-22-80 (18 m) 103.23 | -90.20 | -11523 | -263.78 | 0.007 | 0.036

3| Ms-22-80 (15 m) 7408 | -64.63 | -104.00 | -240.67 | 0.005 | 0.030
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It was noted that the highest values always ocouthe same places,
regardless of the actual span of the bridge. Thatgst stress in the post and the
cross-brace was demonstrated to occur in the lasiula of the bridge in the
support zone. The upper and lower belt demonstrttedsections with the
greatest strain in the middle of the span length.
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Fig. 7. Graphical illustration of the results: hetmaximum stress in structural truss girder; and,
b) deflection of the structure

Conclusions

After introducing the research subject, it was fbuthat, by using
collapsible structures of military origin (MS-22380or permanent bridge
crossings designed to withstand load Class C,pbssible to span bridges with
a length of up to 21 meters. It is possible to these structures in the case of
larger obstacles, which involves the constructiba bridge with several spans
in which an intermediate supporting structure isassary. However, when the
required capacity can be reduced, a bridge withddsign discussed in this
paper can be used in areas with less intense edhidfic.

The calculations confirmed that the adopted metbbdalculation can be
practical and this approach is applicable in thayais of other upgraded bridges,
not only of the MS-22-80 type [1, 2]. The selecsetution forms a proposal and
requires further in-depth analysis and relateshgttecalculations.

Later development of the design can involve furthéaptations aimed at
the increase of the span length while preservingnoreasing grade load. It
appears justified to undertake more extensive sitiirl studies, based on
a more complex model, which can offer preliminaoyetast, or an estimation



62 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 3-2016

regarding the possibility of the building of a lgé based on the presented
design or one including a necessary degree of magddion.
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Wojskowe mosty skladane jako alternatywa dla stahjt obiektow
inzynieryjnych. Analiza nosnosci wybranego sposobu adaptacji
konstrukcji sktadanej

Stowa kluczowe

Wojskowy most skladany MS-54, wojskowy most skladamMS-22-80,
adaptacja, analiza numeryczna, most staty.

Streszczenie

W artykule podty zostat problem przepraw mostowych, ktére ulegly
zniszczeniu w wyniku kkk zywiotowych, tj. powodzi. Opisano konieczito
szybkiego usprawnienia ruchu komunikacyjnego i mpoda przykiad
miejscowdci Radochow, w ktérej odbudowano zniszczony mosizyciem



3-2016 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 63

elementéw wojskowego mostu sktadanego MS-54. Praeitsno sposéb
adaptacji, rysunki konstrukcyjne, obliczenia nunszne.

W dalszej cgsci zaproponowano nitiwo$¢é zaadaptowania innej
konstrukcji skladanej MS-22-80. Zaproponowana keof@e r&ni sie od
dotychczasowych modutowych rozmen. W programie komputerowym
opracowano model dla mata mostu o rozptosci od 15 do 33 metréw.
Zaproponowana adaptacja konstrukcji pozwolita ngskanie maksymalnej
rozpietosci mostu — 21 metrow, dla ktérej spetniony jeshgiaaniczny nénosci
i stan graniczny iytkowalngci. Podsumowujc, zwrocono uwag na
konieczndci prowadzenia dalszych baddego typu konstrukcji w oparciu
o bardziej ztaone modele numeryczne.








