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Abstract. Paper presents results of the analysis of possible design solutions of timber beam
bridges considering all usual demands for their stability, safety and functionality when they are
designed to serve pedestrian and cyclist traffic, and, if necessary, traffic of emergency and service
vehicles as well. Parametric finite element models (FEM) of bridges with simply supported glulam
main-beams, have been divided into four groups, each consisting of several subgroups. The type of
load-carrying deck (solid timber or CLT deck, covered by asphalt layer and protected) and its position
(lower or upper) were selected as relevant characteristic for some group, while the type of transverse
layout, corresponding to certain deck width and usable traffic profile, and also accompanying solution
of spatial stabilization were decisive for differentiation of considered subgroups. Using the span of
the straight main-beams and useful width of the load-carrying deck, conditioned by traffic
requirements as input parameters, prepared FE models, classified into twelve different cases were
undergone to static and dynamic analyses. According to criteria we selected as relevant, the results
of performed analysis were given as recommendations for the selection of optimal structural layout
matching the span of the bridge and the requests on its functionality and durability.

Keywords: timber beam bridges, cyclist and pedestrian traffic, emergency vehicle traffic,
optimization criteria, parametric FEM analysis, structural design.

1. Introduction. The purpose of the preliminary parametric analysis [1] is the selection
of the layout of the timber footbridge which structural form with simply supported straight main-
beams could be consider as optimal for particular span and useful width of the deck. The absence of
internal columns simplifies the analysis of wind loads [2], and chosen span range excludes the need
for dynamic analysis due to the wind [3]. It is applicable in both urban and rural areas, and almost
regardless of climate zone since it is traffic load crucial for the analysis [4, 5].

For its both characteristic, the two goals of conducted parametric analysis are set: define criteria
of the analysis and evaluation of results, as well as propose solutions that would fulfil the basic
demand of mechanical resistance and stability on the economic justified grounds. The results of the
analysis are a proposal of the transverse layout type matching the type of the load-carrying deck, and
it is suitable to variations of main-beam spans, L (from 10m to 18m) and the useful deck widths, B
(from 2m to 4,5m). The following parameters were analysed: position, type and static systems of the
load-carrying deck (open-boarded or sealed solid timber deck and CLT), number and the layout of
main-beams and transoms (cross-beams), i.e. geometry of the T-beams with CLT flange (as
alternation), and ancillary changes of the type of spatial stabilization. Structural members of standard
and high strength were applied and analysed: D30 / D40 (for hardwood solid deck), and C24 / C30
(for stringers of softwood) or GL24h / GL28h (for main-beams and transoms). For the CLT decks,
an even quality of the layers is considered (planks of standard strength class, C24, with thickness d =
22 mm) and the effective depth of 5-layered CLT, d = 100 mm [1].
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2. Parametric analyses

2.1 Parameters, parameter choice criteria and criteria for valorisation of design
solution. Optimization of the design solution (layouts) is based on the variations (Figure 1, Table 1
and Table 2) of the following parameters of the analysis: span L, width of the bridge B, type and the
position of the deck together with ancillary changes of transverse layouts and spatial stabilization.

Satisfying the requirements of the intended purpose, safety and comfort of traffic, was the
logical criterion of choosing the analysis parameters. Therefore, the analysed effects of the variations
of totally 6 types (Table 1) were classified according to width of usable traffic profile and the number
of traffic lanes on the type of the transverse layout of the bridge. Widths of 3,0m upwards enable a
mixed traffic separated by lines, colour contrasts or texture separation, where separate kerbs (for types
IV. and V.) or separating railings (e.g. for type VI.) for more than two traffic lanes [4, 5]. Analysed
effective deck widths are defined as prescribed smallest usable traffic profiles, expanded by 0,4m,
i.e. by 0,7m (for mixed traffic) in order to meet safety requirements and to provide usage comfort, in
accordance with national regulations on basic conditions for public roads and cyclist infrastructure
[6, 71.

Table 1 — Varied useful widths — analysed types of usable traffic profiles [1]

Type | Cases (Fig.1) Number of traffic lapes Usefulh width of
’ pedestrians cyclists the bridge [m]
I. 1 and 7 2 0 2,0
IL 2 and 8 0 2 2,5
111 3and 9 1 1 3,0
IV. 4 and 10 2 1 3,5
V. Sand 11 1 2 4,0
VI 6 and 12 2 2 4.5

The criteria of the choice of the range of span (from 10 m up to the 18 m), with the increase of
2 m represents expected widths of obstacles, limitation in the technology of production, transport and
assembling, and cost-effectiveness of this type of structural form [4, 5].

The following deck types (Figure 2, Table 2) were analysed as characteristic for the defined
purpose of the bridge: 1) solid timber deck, 2) CLT as countersunk deck continuously laid over
transoms and 3) CLT deck as flange of glued composite with Glulam ribs, i.e. series of T-beams, as
the alternative proposal of grillage assembly. The term of solid timber deck refers on planks with
castellated section (grooves as anti-slip option) transversal laid over stringers (sealed, countersunk
deck) or main-beams (open-boarded deck). Varying the position of the running deck implicates
different solutions of providing spatial stability, as well as classification of main-beams into
appropriate serviceability class (2 or 3, used in calculation) and hazard class (2 or 3, concerning
durability and protection measures) [1].

Table 2 — Analysed cases classified into representative groups of FEM

Analysed FEM groups LY IL. 1LY vy
Type of the deck 1 2 1 3
Position of the deck 2 lower lower upper upper
Range of deck width, [m]? <30 > 35 <30 >3.5
Analyzed cases ? 1-3 4-6 7-9 1012
Y shown on “Figures 3 and 4”; 2 shown on “Figure 1” and given in “Table 1”;
3)-9 defined subgroups that enable the number of stringers / main-beams to vary
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Figure 1. Schematic examples of analysed cases and accompanying groups / subgroups of FEM —
varying of layout and load-carrying deck type:
a) Case 1: Group L.; b) Cases 2 — 3: Subgroup L.;
c) Cases 4 — 6: Group II.; d) Cases 7 — 9: Subgroup III.; ) Cases 10 — 12: Subgroup IV
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h=20-30 mm

Structural layer [ h 2 50 mm

“wess v GO
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¢

Boards with castellated section — used for type 1) Coated CLT decks — used for type 2) and 3)

Figure 2. Timber products used for analysed types of decks from 1) to 3 [1]
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Varying the position of the running deck affected different solutions of providing spatial
stability. Beside common solutions of bracings, based on triangular principle of stabilization,
alternative solutions based on grillage principle were analysed for all cases with upper position of the
load-carrying deck (Figure 1 and 4). Variations of the span and spatial stability solutions we achieved
by altering the number of transoms and their distance (4). For groups III. and I'V. (as defined in Table
2), the number of transoms was limited on 5, e.g. on 4 for stiffeners.

The defined initial criteria of evaluating optimality of the design solution (the type of the deck
and transversal layout, the way of ensuring spatial stability, etc.) are ratios of quantities of used timber
vs. span, expressed: directly (for the type of transverse layout) and indirectly (for main-beams only,
considering their depth and number). Optimality of design solution has been valorised, and the
sufficient mechanical resistance and stability of the entire structure had been the most important
criterion. Considering the preliminary level of conducted analyse, recommendations are derived from
the results of verifications of serviceability limit state only (deflections and vibrations), performed
for more than 200 examples of FE models of bridges [1].

2.2 Considerations about durability and protection. The deck in first two types is
replaceable, and due to direct exposure (use class 3), requires adequate strategy of surface or
preservative treatment, drainage system and sealing. It is particularly valid for CLT, and therefore
additional wetting prevention (layers of waterproofing membrane and hydro-insulation) beneath the
wearing asphalt course needs to be used together with replaceable side cladding or strips. With this
the presumption only, CTL might be classified in serviceability class 2 (prerequisite of its structural
use). For 3) type, a special strategy of treatment needs to be applied because all parts of the assembly
are structural member, irreplaceable within designed working life. Necessary treatment of the main-
beams as vital members must be applied in all considered cases: good protective design details,
corrosion-resistant metal cover, surface finishes, etc. In all cases with the upper position of the deck,
where it acts as “roof”, main-beams are “drawn in”, and angle B > 30 (Figure 1) enables protection
from rainfall, while side wooden strips provide additional protection. Side faces of exposed main-
beams might be cladded by shiplap boards or louvers [5, 8]. Within conducted analyse we covered
influence of only those protection measures that affect the increase of permanent load. The effects of
costs of implementing a protection strategy were out of scope of our investigation, although for partly
exposed vital members, they can be initially estimated in amount of 10% up to 15% of total costs [5].

23 Finite element models (FEM) groups subjected to static and dynamic analyses.
FEM analysis were conducted for the influence of self-weight (using software package, including the
effects of varying of cross-sections), permanent load (e.g. concentrated load due to parapet and
uniform loads of wearing layer, applying its thickness of 30 mm for grooved surface of planks, and
50 mm for asphalt finishing and waterproofing layers above CLT), variable loads of snow (with s 2,5
kN/m?) and wind (with its basic velocity of 25 m/s, characteristic for the continental area) were also
considered. Vertical traffic load (pedestrian) was applied as 5,0 kN/m? where favourable effects due
to the span above 10 m were disregarded [3], and horizontal as 10% of amount of the vertical load.
The vehicle traffic was modelled as the moving load, considering its position variations inside the
usable traffic profile and tracking (Figure 3). National norms HRN EN 1995-1-1 and HRN 1995-2
were applied in conjunction with norms HRN EN 1990 and norms HRN EN 1991-3, HRN 1991-4
and HRN EN 1991-2 (for load analyses) and their National Annexes (valid in The Republic of
Croatia).

For every considered type of the transverse layout and accompanying solution of spatial
stability (Figure 1) appropriate 3D FEM was prepared. Using altogether 4 basic groups and relevant
sub-groups of these spatial models were prepared in order to check the instantaneous and the final
deflection (using relevant stiffness properties and load combinations), for checking the deflection due
the vehicle (as an independent load). The same 3D FEM-s were subjected to dynamic analyses to
determine the vibrations due pedestrians and combined influences of self-weight and permanent
loads. Sub-models were designed to analyse the influence of moving load, calculating the deflection
of planked deck where the number and cross-section of stringers were varied for its maximal distance
of Im. Horizontal load was applied as 60% of vertical moving load.

-8 -



Cyuacni 6ydigenvui koncmpykyii 3 memany ma depegunu, 2022. — Bun. Ne 26 (crop. 5-14)

Transoms (SC2)

Stringers (SC2)
Sealed timber deck (SC3)

Figure 3. Example of submodel for static analysis of the deck (left), and simulation of moving load
with traced position of the vehicle (b =1,3 m) [1]

All prepared FEM-s (Figure 4) were analysed with span variations. For systems with
countersunk deck, grid of the transoms was followed by the increase in span, while for the systems
with upper deck position, the number of rectangular glulam main-beams (group III.) or composite T-
beams (group IV.) were varied from 3 to 4, using suitable subgroups of FEM-s. FE models of IV.
group were modelled with simplification, applying the bending stiffness (EI)cr calculated for glued
composites, presuming so the full composite action of those T-beams. In order to facilitate the
valorisation of the effects of the application of a certain type of transverse disposition, the cross-
sections of structural members other than main-beams were set as constant (i.e. 200/300 mm for
glulam transoms, 160/240mm for softwood stiffeners (in grillage systems), and 160/160 mm for
stringers), wherein load-carrying section of 200/50 mm was used for planked decks, and effective
thickness of 60 mm for CLT decks. It should be noted that 5-layered CLT plate was modelled as 3-
layered only, neglecting the load-carrying contribution of its transverse layers and taking them into
account through increased permanent load. In addition, verification of the deflection for sealed

planked deck wider than 2 m passed the system with two inner supports (stringers).

CLT pavement deck
(covered — SC2)

Transoms (SC2)

Transoms (SC2)

Main-girder (SC3)

Steel diagonal

e (horizontal bracing)
Main-girder (SC3)

Main-girder (SC2) Main-girder (SC2)

Transoms Transoms

Main-girder (SC3) Main-girder (SC3)

Ribbed CLT system

(T-section) / SC2 Ribbed CLT system

(T-section) / SC2

Transoms (additional stiffeners) / SC2 Transoms (additional stiffeners) / SC2

Figure 4. Examples of prepared FE 3D models, as given in Table 2: a) group I.; b) group II.; ¢) and
d) group / subgroup IIL.; e) and f) group / subgroup IV [1]

24 Results of performed static and dynamic analyses. The following limitations of
deflections for structural members with its span (L) were presumed: L/250, for the final, and £/300
for the instantaneous deflections, including those caused by pedestrian and cyclist traffic (any their
combining with snow load were excluded), and where occasional light traffic (by e.g. emergency
vehicle) was treated as an independent load [3]. Dynamic analysis was performed using minimal
required dimensions of the structural members resulted from implementation of deflection criteria.
Calculated vertical vibrations were within range 2,5 — 4,5 Hz for 1% and 2" mod of oscillation (the
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values decrease with increasing the span), while acceleration maxima for individuals or persons in
crowds didn’t exceed 0,7 m/s>. In accordance to HRN EN 1990/A2 and [2], both confirms deflections
as more important criteria for all studied cases.
Discussion of Criterion of Optimisation and Conclusion. Effects of initial criteria
for validating optimality of design solution with respect to the span could be discussed by assessing
the following detected differences: a) among total quantities of used material when structural
members are made of timber of different quality (i.e. when the effect of usage of standard or high
strength classes for the same design solution are compared), as shown on Figure 5, and b) between
required minimal depths of main-beams, as indicated on Figure 6.
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Figure 5. Quantity criterion — the effects of using different strength classes for main-beams [1]

Criterion a) did not prove as extremely crucial because the differences in the consumed material
are less than 5%. However, even so little difference may be relevant when more thoroughly analysing
the total costs, considering those relating to protection measures, discussed earlier. Also this criterion
might be significant for more pronounced differences between qualities of applied materials, when
its greater effect on decreasing of dimension is expected.
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Figure 6. Criterion of required depth of glulam main-beams — the effects of using strength classes of
standard (left) and high quality (right) [1]

From the Figure 5, it can be inferred the following: by comparing solutions with CLT deck,
grillage systems (Cases 10—12) are more efficient, even when they apply for wider traffic profile.
Among comparable cases with planked deck, its upper position is more favourable, although Cases 1

-10 -
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and 7, with the smallest deck width, represent an exception. As can be seen on Figure 6, when criterion
of minimum required depth of the main-beams applies, the differences between results of analyses
performed for representative strength classes of standard and high quality are less than 10%. It
confirms this criterion as more efficient than previous one, but still has not so significant and clear
impact on the optimization.

In order to enable easier selection of suitable layout with respect to the span, we introduced an
additional criterion - limitation of the main-beams depths, and the results are shown on Figure 7. It
ensures better lateral torsion stability of main-beams in all cases with countersunk deck, and also
provides more attractive aesthetic appearance to the bridge because remaining height of parapet
enables to put the fence and handrails, allowing to users a view. At the other hand, it provides more
sufficient clearance beneath the bridge with the upper deck position. Therefore, dimension ratio for
rectangular main-beam 1is limited as 8:1 (i.e. maximal depth of 1,6 m) for Cases 1 — 6, while its
maximal depth of 0,7 m is assumed for Cases 7 — 12.
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Figure 7. Proposals for optimal layout type with respect to the span of main-beams relating to its
strength class and position of the deck: lower position (left) and upper position (right)

The results, compatible with data indicated in Table 1 and Table 2, and collected from the
analysis conducted for varied strength classes of main-beams, point to the following:

e For types from 1. to IIl., where its usable widths up to 3,0 m are representative for defined
purpose, layout types with sealed plank deck (Cases 1 — 3, group I.) are the most favourable as
applicable to all spans.

e For the same types, layout solutions with upper position of planked deck (Cases 7 — 9, group
II1.) are less favourable respecting the span, and therefore more sensitive to variations of the number
of main-beams and strength of used timber, especially for types II. and III.

e Therefore, Case 7, as well as Cases 8 and 9 if they consisting of 4 main —beams can be applied
on spans up to 14 m, independently of considered strength class. Layout type with 3 main-beams for
usable widths above 2,0 m are suitable only on span up to 12 m, and use of glulam of higher quality
(GL28) may be helpful for Case 8 to reach the span of 14 m.

e In general, all types with CLT decks (types IV. — VI. with usable width from 3,5 m to 4,5 m)
are able to reach spans of at least 14 m, despite the contribution of their increased self-weight and
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permanent load to deflection. It should be noted that usable width of 4,5 m is very comfort and not
so common for intended purpose of the bridge.

e For type IV. with lower position of CLT deck (Case 4), the span of 18 m is attainable no
matter of applied strength of glulam main-beams.

e For types V. and VL., when the same group II. applies (Cases 5 and 6), the spans of 16 m and
14 m are achievable when main-beams are made of GL24, while the application of GL28 enables
larger corresponding spans of 18 m and 16 m.

e For types IV. and V. with grillage system applied (group IV.), the results differ: for Cases 10
and 11 (comparable with Cases 4 and 5), the span of 14 m was reached if glulam ribs of GL24 applied,
and of 16 m, where they were made of GL28. The number of ribs didn’t produce significant effect on
both results.

e For type VI. (Case 12) the same spans are reached for different strength classes of glulam ribs.
As it was expected, the number of ribs was the most relevant, where 14 m was maximum for series
of 3 T-girders, and 16 m for system with 4 ribs.

All that were noted above stem from the additional criterion we introduced, and its effects are
shown on Figure 7. However, for any meaningful rating the optimality of layout type with respect to
the span, it is necessary to connect previous observations with the results of application of the initial
criterion that is based on the quantities of consumed timber material, as shown on Figures 5 and 6. It
should be noted that the results of the analysis are related to the most unfavourable load case — moving
load with traced position of emergency vehicle, as shown on Figure 3. According to the above, the
following could be recommended for the intended purpose of the bridge:

e When comparable groups I. and II. with countersunk decks apply for the same types of usable
traffic profiles, quantities of consumed material are significantly greater when CLT deck is selected
instead of the sealed solid timber deck. This is expected and caused by its self-weight and increased
permanent load due waterproof layers and asphalt finishing above the deck. For usable traffic widths
above 2,0 m, criterion with respect to the span provides an additionally argument to consider design
solutions with CLT as less favourable than those with solid timber deck.

e For comparable cases with upper position of the deck (groups IIl. and IV.), more detailed
analyses should be done to recommend more optimal layout type when it is choosing between design
solutions with open-boarded deck and those where CLT is used as a flange of composed T-beams in
grillage systems. Certainly, more detailed calculation of composed T-section and CLT itself should
be performed.

e For the final evaluation of the optimum design solution, the effects of applying the simplest
system, with solid timber planked deck should be further analysed in more detail, paying the attention
on the influence of pedestrians as dominant load.

And finally, although the goal of the presented research was to develop and evaluate criteria for
assessing the optimality of the disposition layout, there are also some its indirect targets which should
be highlighted. It promotes timber as a suitable material for bridge structures, but also to point up the
benefits of its use: high level of prefabrication and ease of erection. It is very important to include
protection strategy early in planning because it enables to discuss levels of protection and types of
construction, considering longevity of bridge without major repairs.
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AHOTaUig. Y CcTaTTi HaBeIEHO pe3yJbTaTH aHaJi3y MOXXJIMBHX KOHCTPYKTUBHHUX pillI€Hb
JIepeB’ sSTHUX OaJIKOBUX MOCTIB 3 ypaxyBaHHSIM YCiX 3BHYaWHHMX BUMOT JO IX CTIHKOCTi, MIITHOCTI,
Oe3neku Ta GYHKLIIOHATBHOCTI MPH 3A1MCHEHH] MIIOXiJHOTO Ta BEJIOCUIIEHOTO PyXY, a TAKOXK, 32
notpedu, pyxy aBapiiHux aBromMo01iB. [Tapamerpuyuni ckinuenHoenemeHTH1 Mojeni (IICM) mocTiB
3 KJIGEHUMH JIepEeB’ SIHUMU OJHONPOJIHOTHUMH OAJIKaMU PO3JIIEHO HAa YOTUPHU IPYINHU, KOXKHA 3 SIKUX
CKJIAZIAETHCS 3 KUIBKOX MATPYI. THUIT TpOTyapHOI IIUTKH (3 MacuBy nepeBunu abo Hactui CLT,
MOKPUTHH 1apoM acganbTy Ta 3aXHUIIEHH) Ta 11 MosokeHHs (HWXKHE YU BEpXHE) Oy oOpaHi y
SIKOCT1 PEJICBAaHTHOI XapaKTEPUCTUKH UIS IESIKOT TPYITH, TOML SIK THI TIOMIEPEYHOT KOMITOHOBKH, IO
Bi/ITIOBIJIa€ MIEBHIN INPUHI HACTUITY Ta KOPUCHOMY TpadiKy, a TAKOXK CYIyTHE PillIeHHS TPOCTOPOBOT
crabimzamnii Oynu BU3HAYANbHUMH (akTopamu i audepeHmiamii po3rITHYTHX —MiATPYIL.
BukopucroByroun mnpoiboTH 0ajoK 1 KOPUCHY IIMPUHY HACTUIY BUMOIICHHS, OOYMOBIEHY
BHUMOTaMHU PyXY SIK BXIIHUMH Tapamerpamu, niarorosieHi [ICM Oymu po3aiieHi Ha JBaHAIUAThH
pi3HUX KOMOiHALiH, Yy TOMY YHCIIi Oy/IM BpaxoBaHi sIK CTATUYHI, TaK 1 JMHAMI4HI HaBaHTaKEHHs. 3a
pe3yibTaTaMu MPOBEACHOTO JIOCHTIDKCHHsSI PO3pOO0JICHI Ta HaJaHI peKOMEHallli moao BUOOpY
ONTUMAJILHOI KOHCTPYKIi, fIKa ypaxoBye€ ()aKTUYHY BEJIMUYMHY NPOJHOTY MOCTY Ta BiANOBiIae
BHMOTaM JI0 HOro (DYHKIIIOHAIBHOCTI, MIITHOCTI, CTIHKOCTI Ta JOBTOBIYHOCTI.

KurouoBi cioBa: nepeB’siHi 0aikoBi MOCTH, BEJIOCHUIEIHHUI Ta MIIOXIAHUN pyX, Tpadik
aBapiiHUX TPAHCIIOPTHUX 3aco0iB, KpUTEpli omTHMIi3allii, MapaMEeTPUIHUA aHalli3, MPOCKTYBAaHHS
KOHCTPYKIIIH.
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AHHoTanusi. B crartbe npeacraBieHbl pe3yNbTaThl aHATU3a BO3MOMHBIX KOHCTPYKTHBHBIX
pelIeHnl JepeBSHHBIX OaJIOYHBIX MOCTOB C YYE€TOM BCEX TPAIUIIMOHHBIX TpPeOOBaHUU K UX
YCTOWYMBOCTH, TMPOYHOCTH, OE30MACHOCTH U  (YHKIMOHAJIBHOCTU TMPU  OCYIIECTBICHUH
MEIIEXOHOTO U BEJIOCUTIEHOTO JIBIKEHUS, a TaKXKe, MPU HEOOXOAMMOCTH, ABMKCHUS aBAPHITHBIX
apromobOuier. [lapamerpuyeckue koneuHonemeHTHbie Mmonenu (ITKM) mocTtoB ¢ KieeHBIMH
JICPEBSHHBIMU OJIHOTIPOJICTHBIMH OaTKkaMy pa3JelieHbl Ha YeThIpe TPYMIbI, KaKIas U3 KOTOPBIX
COCTOMT M3 HECKOJIbKMX MOArpymni. Tum TpoTyapHO! IUIMTKU (M3 MacCHUBa APEBECUHBI WM HACTHII
CLT, nokpsIThIi ciioeM achanbTa U 3alIUIICHHBINA) U e TOJI0KEHUs (HIDKHEE WU BepXHee) ObLTn
BbIOpaHbl B KAYECTBE PEJICBAHTHON XapaKTEPUCTUKH ISl HEKOTOPOM IpyHIbl, B TO BPeMsl KaK THII
IIONIEPEYHOM KOMIIOHOBKH, COOTBETCTBYIOILEH ONPENEICHHOW IIMPUHE HACTWIA MU II0JIE3HOMY
TpaduKy, a TakKe CONYTCTBYIOIIME PEHICHUS TMPOCTPAHCTBEHHON CTAOWMIM3alMK  OBLUIN
onpeaensomuMu  (hakropamu sl auddepeHmanu  paccMaTpUuBaeMbIX moArpymnm. Mcnons3ys
MpoJIETHl OaJIOK W TIOJNIE3HYIO IMUPUHY HACTUIa OTMOCTKH, OOYCIIOBJIICHHYIO TpeOOBaHUSIMHU
JBUKCHHS KaK BXOJIHBIMH TlapaMeTpaMu, noAarotopieHHbie [IKM Oblu pa3jeneHsl Ha JBEHAANATh
pa3IMYHBIX KOMOMHAILIMI, B TOM YHCJIE€ YYTEHbl KaK CTaTUYECKHE, TaK U JAUHAMUYECKUE HArpy3KH.
[To pe3ynbpTaraM MPOBEACHHOTO HCCIEIOBAHHS pa3padOTaHbl M MPEIOKEHBI PEKOMEHIAIUU 10
BBIOOPY ONTHUMAJIbHON KOHCTPYKIUHU, KOTOpasi YUUTHIBAET (DaKTUUECKYIO BEIMYMHY MPOJIETa MOCTa
1 OTBeUaeT TPeOOBaHUSM K ero (PYHKIIMOHAIBHOCTH, TPOYHOCTH, CTOMKOCTH U JOJITOBEYHOCTH.

KuroueBble cjioBa: nepeBsiHHbIE OaIOUHbIE MOCTBI, BEJIOCUIIEAHOE U MEIIEX0JHOE JBUKECHUE,
TpauK aBapUHHBIX TPAHCIOPTHBIX CPENICTB, KPUTEPUU ONTHUMH3AIUH, TTApAMETPUUSCKUN aHAIH3,
MPOEKTUPOBAHHE KOHCTPYKLIUH.
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