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Abstract. The development of methods for rapid assessment of the reliability of span structures of

beam railroad bridges is relevant in connection with the trend towards increasing loads from the reversing
freight rolling stock and the speeds of movement on the main transport with a mixed cargo-and-
passenger turnover. This problem is especially urgent for the creation and implementation of special
technical conditions (STC) for the design of bridges on high-speed lines (BCM), as in Europe and in
America, the process of improving the regulatory framework is actively being implemented and innovative
developments in this field. Normative documents of the STC take into account only two opposite
tendencies. The first is the reduction of equivalent loads from specialized high-speed rolling stock, the
second is the increase in dynamic coefficients with an increase in speeds of up to 350 ... 400 km/h. At the
same time, the documents being developed require the provision of a relatively heavy load from a special
technological rolling stock when planning work on the maintenance of the railway track, as well as during
the elimination of the consequences of accidents and other emergencies. The class of this load
corresponds to C11, which is 78.5 % of the load of class C14, which is calculated for bridges on public
railways. The authors suggests a method for estimating the reliability of a limited pass on beam span
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structures of a railway transport, the load from which is 10—-20 % higher than the design load. A solution
describing the probability of failure-free operation in the absence of a sudden failure at the level of 0.97-
0.98 is described. Such a solution is relevant for railways with normal traffic conditions with the possibility
of providing high-speed rail traffic. This technical method for rapid assessment of the reliability of span
structures of beam railroad bridges be used as a basis for harmonizing National Standard and for the
further evolution of the codes for HSR. Bridge authorities are therefore interested in agreed methods to
assess the safety, reliability, durability of existing bridges.

AHHoTaumsa. PaspaboTka MeTOOOB 3KCMPEcC OUEHKM HaOEXHOCTM MNPOMETHbIX CTPOEHUN
BGanoyHbIX Xene3HO4OPOXHbIX MOCTOB akTyarlbHO B CBS3M C TEHOEHUMEN K BO3PaCTaHWUIO Harpysok oT
obpalLatoLLero rpy3oBoro NoABWKHOIO COCTaBa M CKOPOCTEN ABWXEHUSA Ha MaructpanbHOM TpaHcrnopTe
CO CMellaHHbIM rpysonaccaxunpckum obopotom. JTa npobnema ocobo akTyanbHa npu co3gaHun U1
BHEOPEHUN crneumnanbHbiX TexHndecknx ycnosun (CTY) NpoekTMpoBaHMs MOCTOB Ha BbICOKOCKOPOCTHbIX
maructpanax (BCM), kak n B EBpone, Tak u B AMepuke naet akTMBHO MPOLLECC COBEPLUEHCTBOBAHMS
HopMaTMBHON 6a3bl N SABNAKTCA MHHOBALMWOHHBbIMWU pa3paboTkamMu B AaHHOM obnactu. HopmaTuBHble
JokymeHTbl CTY yuuTbiBalOT TOMbKO [BE NPOTUBOMONOXHblE TeHAeHuuu. [lepBas — CHWXeHue
3KBMBANEHTHbIX Harpy3oK OT cneumann3vpoBaHHOrO BbICOKOCKOPOCTHOIO MOABWMXHOIO cocTasa, BTopas —
yBENMYEeHNe AMHaMMUYecknx koadpdunumMeHToB Npn yBenmyeHnm ckopocTten asmxkeHus ao 350...400 km/u.
OpHoBpemeHHO paspabaTtbiBaemble [OKYMeHTbl TpebyoT obecnevyeHuss nponycka OTHOCUTENBbHO
TSKENOW Harpysku oT creumanbHOro TEXHOMOrMYeCcKoro NoABMXHOIO CocTaBa Mnpu NnaHoBbiX paboTax no
COLEPXaHWIO KENe3HOLOPOXHOro nyTW, a Takke NpW NUKBMZAUMM MOCNeacTBUA aBapui U WHbIX
ypesBbldalrHbIXx cuTyaumsax. Knacc atom Harpysku cootBeTctByeT C11, yto coctaBnseT 78,5 % ot
Harpy3kn knacca C14, saBndALWErocs pacyeTHbIM Afsi MOCTOB Ha XenesHblXx goporax obuiero
nonb3oBaHWs. ABTOpPblI NpeanaraloT METOAMKY OLEHKM HaAEeXHOCTW OrpaHMYeHHOro mnponycka no
BanoyHbIM NPONETHLIM CTPOESHUSIM XENEe3HOAOPOXKHOro TpaHcnopTta, Harpyska oT kotoporo Ha 10-20%
npeBbilaeT NPOEKTHYI0 pacyeTHy Harpy3ky. OnmcaHo pelleHne No3BOMsiLEee OLEHUTb BEPOSATHOCTb
6e3oTkaszHon paboTbl MpM OTCYTCTBMM BHe3anmHOro oTkasa Ha ypoBHe 0,97-0,98. Takoe pelueHve
aKkTyanbHO ANns Xemne3HblX AOpor C OOblYHLIM PEXMMOM OBWKEHUS C BO3MOXHOCTbIO obecneveHusi
npoesda BbICOKOCKOPOCTHOrO cocTaBa. [IpeAcTaBneHHbIi TEXHUYECKUA MeTohd SKCNPecC OLEHKU
HaZEXHOCTU MPONETHbIX CTPOEHWUA GanoyHbIX XXEene3HOAOPOXHbLIX MOCTOB MOXET WCMONb30BaTbCHA B
KayecTBe OCHOBHOIO MHCTpyMEHTa AN pa3paboTky HauMoHanbHOro crtaHgapta M And ganbHemnwero
pa3BuTMa HopMaTuBHoW 6asbl ansa BCM. Ynpaensiowme KOMNaHUW 3aMHTEPECOBaHbl B YTBEPXKAEHUU
cneumanva3npoBaHHbIX METOAOB MO oOueHke 6e30MacHOCTU, HaZEeXHOCTWU, MPOYHOCTU CYLLECTBYHLLINX
MOCTOB.

Introduction

A large number of eminent scientists, mechanics and engineers were involved in the study of
reliability and the development of methods for its evaluation of various building systems. Considering the
fact that this article deals with a certain element of the bridge structure — the beam span of the railway
bridge, the following scientists and engineers deserve special attention: A.R. Rzhanicyn [1], K. Kapur and
L. Lamberson [2], V.N. Smirnov [3, 5-8], V.V. Kondratov [4], V.V. Bolotin [9-11], J.G. Panovko [12] and
many others.

Performance of the railway transportation network depends on the reliability of railway bridges.
Developments in this field in the US sponsored by the U.S. Department of Transportation Research and
Innovative Technology Administration [13].

Current high-speed railway (HSR) bridge design adopts the design concept which increases the
stiffness of existing bridge introducing impact factor at the static load condition. However, given the
extended total length and high speed of HSR system which has significant effect on resonance
phenomenon, the in-depth evaluation of its dynamic performance shall be implemented. The optimal
design of HSR bridges based on expected life-cycle cost (LCC) was very critical in securing the economic
efficiency and the research has been underway in various ways [14].

The optimal policy has to be chosen based on minimum expected total LCC criterion including its
effect on structural reliability and the expected costs associated with failure [15-18].

The results from the reliability analysis for the fatigue limit state are presented for various time
periods from 10 to 100A years and three cases of operating conditions [19-21].

As reported in Wisniewski et al. 2012, several years of research at National, European and
International levels, including several European Projects, as well as practical implementations of these
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concepts on specific projects have demonstrated the benefits of incorporating advanced assessment and
load rating in bridge assessment codes. However, the proposed advanced assessment methods for
bridges as presented in the previous chapters are not yet included in most of the codes and
recommendations or national or international regulations, where a standard basic assessment is normally
applied. However, several countries have already included in their codes the possibility of using to some
extent the proposed methods [22-27].

At the present moment, none is fully implementing all possible choices. It also becomes evident
that USA and Canada are the countries where more of the proposed advanced methods are considered.

The European Convention for Constructional Steelwork (ECCS) has in its Technical Committee 6 —
Fatigue (that also laid the basis for EN 1993 — Eurocode 3 — Part 1-9 — Fatigue) agreed to support the
preparation of such European technical “Recommendations for the estimation of remaining Assessment
of Existing Steel Structures; Remaining Fatigue Life First edition 2008 iv fatigue life”, that could be used
as a basis for harmonising National procedures and for the further evolution of the Eurocodes [28].

This article is devoted to solving the problem related to the assessment of the reliability of beam
span structures of railway bridges. The urgency of this problem stems from the need to improve the
regulatory framework for the design of railway bridges, designed for high-speed traffic and mixed cargo
and passenger traffic, and the development of special technical conditions (STC).

As the analysis of the existing regulatory framework shows, it is necessary to ensure that a
relatively heavy load passes from the special technological rolling stock when planning work on the
maintenance of the railway track, as well as during the liquidation of the consequences of accidents and
other emergencies. The class of this load corresponds to C11, which is 78.5 % of the load of class C14,
which is calculated for bridges on public railways.

In practical terms, the author proposes a technique for express estimation of the reliability of span
structures, taking into account the skipping load exceeding the estimated design.

Allowable rail car loads are also expected to be increased by 10-20 % over the next few years.
Knowledge of the current loadings to which railway bridges are subjected is imperative for accurate
bridge evaluation.

Task description

Represented in foreign norms and rules (Eurocode, AAHSTO) methods for assessing the reliability
of beam span structures of railway bridges include absolutely different algorithms for estimating and
deducing the final result, which makes this express method developed and presented by the author in
this article as original and separate as possible.

The live loads and dynamic amplification factors in the design codes are given for the design of
new structures and can therefore be very conservative in some circumstances leading to structures
failing their assessments. Consequently, it is often beneficial to use site-specific live loads and dynamic
amplification factors when assessing existing railway bridges. In fact, this has been recognized
worldwide.

The basis of the supposed approximate method for determining the reliability parameter and the
probability of failure-free operation of the span structure according to the first limiting state (providing the
carrying capacity) is the determination of the value of the mobile load intensities g (kN/m), corresponding
to the limits of the normative and design fail-safe regions for given real geometric characteristics of the
principal beams of span structure.

With this rapid assessment, it is considered that the refusal is of a sudden nature.
The failure group and the failure tree are not analyzed.

The intensity values indicated above are determined from the equation of the first limiting state:
H
2mkR™A=n,pQ +n,q, 1+ £)Q,, 1)

where m — operating ratio;

k — material resistance factor;
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n, and N, —respectively, the reliability coefficients for the constant and temporary loads;

R™ — the standard resistance of the material, the values of these guantities are regulated by the
relevant documents (SNiP);

p and q — intensity of constant and temporary loads;

Qp and Qq — the area of the lines of influence of the bending moment loaded respectively by the
constant and temporary loads.

From the equation of the limiting state (1), the values of the intensity of the movable load (4

corresponding to the boundary of the normative region of fail-safe operation:

2mkR"A—n,p"Q,
n2 (1+ /’I)‘Qq

)

O

The boundary of the calculated region of fail-safe operation corresponds to the value of the
intensity of the movable load Q, , obtained from equation (2) with N, =n, =1, m =1lunk=1.

2RYA-p"Q,

Ohese = 3
(1+we,
Safety factor at pass of normative loading q, = qH [1]:
. Qe =0 p-1 _ p-1
(3 7 1 ~ — 2 p2 2’ 4
q**+q* a ’q**+q* WRﬁ +Wq ()
O % _ _
where f=——, (Q,, and §, — variance of random variables,
*

WR2 and qu — coefficient of variation of the standard resistance and the normative load.
The probability of failure-free operation of the span structure when passing the normative load q is
given by:

P-lio p-1

2 p2 2 |’ (5)
JWe B +W,
| the value of the Laplace function.
V u “ R ﬁ +Wq

If the load exceeds the normative one, according to SNiP, equation (5) takes the form:

p=Lio p-1

| (6)
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. Oxx
where f'=——.

From the point of view of mathematical statistics, the mathematical expectation is shifted to the
right and together with it the whole curve of the density of the load distribution without changing the

shape of the curve.

We will estimate the value of the reliability index when passing over the span structure of the load,
which is 15% higher than the standard load, with the values of the parameters f=1.1+1.5, W, =0.05

and W, =0.0833.

The results of calculating the reliability index as a function of the change in the calculated
parameter B are shown in Figures 1 and 2, respectively.
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Analyzing the graphs presented in Figures 1 and 2, it can be concluded that with an increase in the
design load, there is a clear decrease in the reliability index, which is approximately 0.2 %.

Influence of the laws of distribution of extreme values of maxima for load and minima for
strength

Equations 5 and 6 can be used when making the distribution laws of generalized loads and
strengths different from the normal distribution laws.

For example, when accepting as distribution laws the Gumbel law (the law of distribution of
extreme values) - the maximums for the load:

X— aQ
F(Q) =exp| —exp| - b ; )
Q
and minima for strength:
X— aQ
F(R) =1—exp| —exp . , (8)
Q

using the first members of the Edgeworth series [2].

We obtain an analog of equation (1) for the probability of failure-free operation:

- '@Q)(bg +b
bl o 83 IO +b) | o

2 T 2 2
—— /b +b
JeV

where, T''(1) = —-0.57721 - first derivative of the gamma function I"'(x) with respect to x at the point

x=1.

The analogues of equations (5) and (6) are:

b, +b
B-1+T'(Q) =—2
PH :1+@ - , (10)

2 x [be’+by?

O 6

(bR +bQ]
L -1+T'(Q1) T

7 [be"+bg”
q 6

Application of the method for estimating the reliability of span structures intended for the
movement of high-speed trains

1
P=E+¢ (11)

When assessing the reliability of the span of bridges on highways designed exclusively for high-
speed traffic, one should take into account the difference in the loading scheme of the influence lines by
the time load in comparison with the loading scheme for Russian Construction Norms and Regulations
SNiP 2.05.03-84 *.

In accordance with the "Instructions for the design of bridges for the main section of the Leningrad-
Moscow high-speed passenger highway Center-South" (1990), a trainload was introduced from a
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specialized passenger electric vehicle with a design speed of up to 350 km/h in the form of a
concentrated cargo Pi 180 kN and 170 kN.

Equivalent load is calculated by the formula:

2Py
qequal = o) ' (12)

where, y; — ordinate of the influence line under the load P;;

Q - the area of the influence line (for the length of the influence line 4 = 50...100 m it was
33.89 kN/m and 29.36 kN / m, respectively, instead of 138.3 kN / m and 137 kN / m according to Russian
Construction Norms and Regulations SNiP 2.05.03-84%).

24
30+ 1

The value of the dynamic coefficient 1+ £¢ increased and became equal to 1+ gz =1+

18
instead of 14+ 1 =1+ ﬁ in Russian Construction Norms and Regulations SNiP.
+

he load reliability factor is n2 = 1.15 regardless of the length of the load.

The value of the intensity of the mobile load corresponding to the boundary of the normative fail-
safe area can be determined from expression (2), taking into account the changed parameters.

Similarly, the expression (3) is used to determine the value of g **.

The value of the coefficient  determined by formula (4) differs little from that obtained for
passenger-and-freight railways, since it does not depend on the dynamic coefficient very much on the
value of the numerators of expressions (2) and (3).

The coefficient of load reliability for a span structure at A = 50 m, calculated according to the
"Instructions" and Russian Construction Norms and Regulations SNiP 2.05.03-84 * practically coincide.

In accordance with the STC for the design, construction and operation of the high-speed Moscow-
Kazan-Yekaterinburg railroad developed at the MRIT in 2013, equivalent loads from high-speed rolling
stock have increased for span structures of | =50 m and 100 m, respectively 3 % and 1.7 %.

V.V. Kondratov on the basis of theoretical and experimental studies, a new approach to the
designation of a dynamic coefficient for high-speed motion was proposed [3]:

1+ u=1l+a K+ (13)

20+ 70"

U
where, a = ——, K=0.8

2f ¢

f — basic frequency of free oscillations of the span structure, Hz;

{ — calculated span, m;

U —travel speed, m/sec.

For span structures ¢ = 50...100 m, the values of the dynamic coefficient are 1.3 ... 1.2 instead of
the minimum value adopted for Russian Construction Norms and Regulations SNiP 2.05.03-84 * when
calculating for strength 1.15..

According to the requirements of the normative documents for the construction of bridges at the
bridge, these bridges must provide access to technological structures and transport units, with loading
characteristics not exceeding the normative load of C11 (for the span structures ¢=150...100 m is
108.66 kN/m and 107.64 kN/m, respectively 3.2 times the value of the standard load for high-speed
rolling stock) at speeds of up to 120 km/h [4].

Consequently, in most cases it is the admission of a special load that is calculated to ensure the
guaranteed load-bearing capacity of span structures.
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Results and Discussion

Taking into account the structural reserves of strength, reflected in the values of the geometric
characteristics of section A, and taking into account the reliability coefficients adopted in Russian
Construction Norms and Regulations SNiP for materials and loads under extreme conditions, in a limited
number of implementations, the load on beam girder bridges is allowed to exceed the design load by
20 ... 25% if the probability of failure-free operation of span structures (no sudden failures) is not lower
than 0.95.

The AASHTO LRFR code (AASHTO LRFR, 2003) for Load and Resistance Factor Rating (LRFR)
uses similar reliability based assessment principles and the load rating process to those of
CAN/CSA-S6-06 [29, 30].

If, as a limiting state, the plastic hinge is formed in the main beam and the moment of resistance W

w
is replaced by the plastic moment of resistance Wy, then A:%, where, h — height of the main

beam, the probability of failure-free operation when the above load is skipped increases to a value of
0.97 ... 0.98.

Due to the greater static stability of the load from the high-speed rolling stock, the probability of
failure-free operation for the span structures of bridges on the HSR at a 10% excess of the standard load
from the high-speed rolling stock is 0.99.

If the load from the special rolling stock is missed in case the load of the normative value for the
C11 class is exceeded by 27 %, which corresponds to the skipping of the load of the C14 class, the
reliability index decreases by 5.8 %.

Conclusions

1. The technique of express evaluation of beam span structures of railway bridges located on the
railway network is developed, both with the usual driving mode and with high-speed.

2. The developed methodology allows to justify the possibility of skipping the load exceeding the
design estimate for planned maintenance of the railway track, as well as for the elimination of the
consequences of accidents and other emergencies with an acceptable degree of reliability.

3. This technique is based on special technical conditions (STU) and complements and is
consistent with the foreign technical documentation related to the design of railway bridges on high-speed
highways.

This technical method for rapid assessment of the reliability of span structures of beam railroad
bridges be used as a basis for harmonizing National Standard and for the further evolution of the codes.
Bridge authorities are therefore interested in agreed methods to assess the safety, reliability, durability of
existing bridges.

The need to increase the lifetime of beam girder bridges, which have the highest percentage of
distribution worldwide, and require a continuous assessment of operational reliability, determines the
relevance of the calculations.

The application of the theoretical provisions outlined in the work makes it possible to provide the
methodological support for the integrated system for assessing the suitability for the operation of beam
girder bridge bridges with significant operating times and with increased operational loads, both in load
and speed, which corresponds to the recent trend in the operation of the railway transport.

Indeykin A.V., Chizhov S.V., Shestakova E.B., Antonyuk A.A., Kulagin N.I., Smirnov V.N., Karpov V.V,
Golitsynsky D.M. Approximated methods of estimation of the reliability of framed railway structures of railway
bridges. Magazine of Civil Engineering. 2017. No. 7. Pp. 150-160. doi: 10.18720/MCE.75.15.

157



NuxeHepHO-CTPOUTENBHBI KypHaJI, Ne 7, 2017

Reliability Models for Railway Bridges. International Journal

References NurtepaTtypa

1. Rzhanicyn A.R. Teorija rascheta stroitel'nyh konstrukcij na 1. PxaHuupiH  A.P. Teopus pacyeTa  CTpOWUTEMbHbIX
nadezhnost' [Theory of calculating building structures for KOHCTPYKUMA Ha HagexHocTb. M: Crponmsgar, 1978.
reliability]. Moscow: Strojizdat, 1978. 239 p. (rus) 239 c.

2. Kapur K., Lamberson L. Nadezhnost' i proektirovanie 2. Kanyp K., JlambepcoH J1. HagexHocTb U npoekTupoBaHue
sistem [Reliability and design of systems]. Moscow: Mir, cuctem. M: Mup, 1980. 604 c.

1980. 604 p. (rus) 3. BorgaHos .M., CmupHoB B.H. U3 uctopum paspaboTku

3. Bogdanov G.l., Smirnov V.N. Iz istorii razrabotki proekta npoekta cneumanbHbIX TEXHWYECKUX YCroBuW  Ans
special'nyh tehnicheskih uslovij dlja proektirovanija mostov npoekTupoBaHus MoctoB Ha BCM-2 MockBa-KasaHb //
na VSM-2 Moskva-Kazan' [From the history of the HoBble TexHomormM B  MOCTOCTPOEHMMW: MOCTbl  Ha
development of the project of special technical conditions BbICOKOCKOPOCTHbIX Maructpansax. Cl6: Metepbyprckuii
for the design of bridges at the Moscow-Kazan-HSR-2]. rocyapCTBEHHbI yYHMBepcUTeT nyten coobienusi, 2013.
Novye tehnologii v  mostostroenii:  mosty na C. 57-67.
vysokoskorostnyh magistraljah [New technologies in bridge 4 KoHapaTos B.B. PesynbTaTbl SKCEpUMEHTAmbHbIX W
building: bridge_s on_high-speed r_ail]. SPb: Pe_t_erburgskij TeopeTHecKIX nccnenoBaHuii AMHAMUYECKOTo
gosudarstvennyj universitet putej soobshhenija, 2013. BO3/ENCTBMSA BLICOKOCKOPOCTHBIX MOE3[0B Ha NPOMeTHbIe
Pp. 57-67. (rus) CTPOeHUst MOCTOB // HoBble TEXHONOMMU B MOCTOCTPOEHMM:

4. Kondratov  V.V. Rezultaty jeksperimentalnyh i MOCTbl Ha BbICOKOCKOPOCTHbIX Maructpansx. CIl6:
teoreticheskih issledovanij dinamicheskogo vozdejstvija MeTepbyprcknin  rocy4apCTBEHHbIV  YHUBEPCUTET MyTen
vysokoskorostnyh poezdov na proletnye stroenija mostov coobuueHus, 2013. C. 13-23.

[The results of experimental and theoretical studies of the 5 genun A.B., fibsuenko J1.K., CMupHos B.H. OcoBerHocTy
dynamic effect of high-speed trains on span structures of NPOEKTUPOBAHMS! " cTpouTenscTea MOCTOB
bridges] Novye tehnologii v mostostroenii: mosty na BLICOKOCKOPOCTHON  KENEe3HOAOPOXHO  MarncTpanm
vysokoskorostnyh magistraljah [New technologies in bridge «Mocksa-KazaHby /I VseecTvs neTepbyprckoro
building: bridges on high-speed rail]. SPb: Peterburgskij yHMBepcuTeTa nyTeit  cooblieHus. 2015.  Ne 4(45).
gosudarstvennyj universitet putej soobshhenija, 2013. C. 15-20.
Pp. 13-23. (rus)

. K . . 6. CmupHoB B.H. Pacyetr MOCTOB BbICOKOCKOPOCTHbIX

5. Benin AV, Dfjachenko LK., Smirnov V.N. Osobennosti XENe3HOOPOXHBLIX MarucTpaneit Ha npoaonbHLIE CUMbI.
proektirovanija i stroitel'stva mostov vysokoskorostnoj CrM6: TeTepByprokvii  roCyAapCTBEHHbI  yHUBEpCUTET
zheleznodorozhnoj magistrali «Moskva-Kazan'» [Features nyTeit cooblueHns, 2013. 64 c.
of designing and building bridges of the high-speed railway
"Moscow-Kazan']. lzvestija peterburgskogo universiteta /- CMMpHOB B.H., Tanbuesa A.W. Mpoektuposanme mocTos
putej soobshhenija. 2015. No. 4(45). Pp. 15-20. (rus) NS BbICOKOCKOPOCTHBIX »KeNe3HOA0POXKHbIX Maructpanei

. /I TlpombILWLINEHHOE W rpaxaaHckoe cTpouTenscTeo. 2011.

6. Smirnov  V.N. Raschet mostov vysokoskorostnyh Ne 5. C. 30—31.
zheleznodorozhnyh  magistralej na  prodol'nye sily
[Calculation of bridges of high-speed railways for 8. CmupHoB  B.H.  OcobBeHHOCTM  BbICOKOCKOPOCTHOrO
longitudinal forces]. SPb: Peterburgskij gosudarstvennyj FBWKEHUS XEnesHOAOPOXHbIX 3KCMPeccoB no moctam //
universitet putej soobshhenija, 2013. 64 p. (rus) Hosble TexHonormv B MOCTOCTpOEHIM (oT npowwnoro K

) ] . ) 6yaywemy). CI6: TMNeTepbyprckuii  rocygapCTBEHHbI

7. Smirnov V.N., Pal'ceva A.l. Proektirovanie mostov dlja yHUBEpCUTET NyTel coobiueHus, 2015, C. 50-57.
vysokoskorostnyh zheleznodorozhnyh magistralej
[Designing bridges for high-speed railways]. 9. bonotuH I?.B. MpumeHeHne MeTodoB Teopumn
Promyshlennoe i grazhdanskoe stroitel'stvo. 2011. No. 5. BEPOATHOCTEN M TEOpUN ~ HaAGXHOCTM B  pacdeTax
Pp. 30-31. (rus) coopyxeHuii. Mockaa: Ctponnsgar, 1971. 255 c.

8. Smirnov V.N. Osobennosti vysokoskorostnogo dvizhenija ~ 10- BonoTuH B.B. Craructiyeckie MeToabl B CTPOUTENLHON
zheleznodorozhnyh jekspressov po mostam [Features of MexaHuke. 2-e u3A., nepepab. u pon. M.: Crpoimuspar,
high-speed movement of railway express trains by 1965. 279 c.
bridges]. Novye tehnologii v mostostroenii (ot proshlogo k  11. BonotuH B.B. [OuHamudeckasi yCTOMYMBOCTb  YMpyrux
budushhemu) [New technologies in bridge building (from cuctem. M: [ocypapcTBeHHOe M3[aTenbCTBO TEXHUKO-
the past to the future)]. SPb: Peterburgskij gosudarstvennyj TeopeTuyeckon nurepatypsl, 1956. 595 c.
universitet putej soobshhenija, 2015. Pp. 50-57. (rus) 12. MaHoBko SA.M. MexaHnka AechOpPMUPYEMOrO TBEpAOrO

9. Bolotin V.V. Primenenie metodov teorii verojatnostej i teorii Tena: CoBpeMeHHble KoHLenumu, owmnbkn 1 napagokcsl. M:
nadezhnosti v raschetah sooruzhenij [The application of Hayka, 1985. 288 c.
methods of probability theory and reliability theory in the 13 Rakoczy A.M. Development of System Reliability Models
calculations of structures]. Moscow: Strojizdat, 1971. for Railway Bridges, 2012. 212 p.

255 p (rus) . . . . . 14. Rakoczy A.M., Nowak A.S. Development of System
10. Bolotin V.V. Statisticheskie metody v stroitel'noj mehanike. Reliability Models for Railway Bridges // International
2-e izd. [Statistical methods in construction mechanics. 2nd Journal of Steel Structures. 2017. Vol. 17. Pp. 339-349

ed]. Moscow: Strojizdat, 1965. 279 p. (us) _ 15. AASHTO LRFR, 2003. Guide Manual for Condition

11. Bolotin V.V. Dinamicheskaja ustojchivost’ uprugih system Evaluation and Load and Resistance Factor Rating (LRFR)
[Dynamic  stability of elastic ~systems]. ~Moscow: of Highway Bridges. USA: American Association of State
Gosudarstvennoe izdatel'stvo tehniko-teoreticheskoj Highway and Transportation Officials.
literatury, 1956. 595 p. (rus) _ 16. AASHTO MBE, 2008. MBE-1-M, Manual for Bridge

12. Panovko J.G. Mehanika deformiruemogo tverdogo tela: Evaluation. 1st ed. Washington, DC: AASHTO.
sovremennye koncepcii, oshibki i paradoksy [Mechanics of ) . .

a deformgble soli%l: modern pconceptg,[ errors and 17 Alampalh S, Et'touney M. Bridge I__oad Testing: Cost-
paradoxes]. Moscow: Nauka, 1985. 288 p. (rus) Benefit Evaluation. Orlando, Florida, USA, ASCE,
o Structures Congress 2010.

13. Rakoczy A.M. Development of System Reliability Models

for Railway Bridges. 2012. 212 p. 18. Baker J., Schubert M., Faber M. On the assessment of
Robustness /[ Structural Safety. 2008. Vol. 30(1).
14. Rakoczy A.M., Nowak A.S. Development of System Pp. 253-267.

Wupeiikun A.B., Ywxos C.B., IlllecrakoBa E.b., Anrontok A.A., Kynarun H.U., Cmupuos B.H., Kapnos B.B.,
Fomuupiackuit .M. IlpnOmamxeHHble METOABI OLEHKM HAJEKHOCTH OAJIOYHBIX TIPOJIETHBIX CTPOCHUH
KEJIE3HOTOPOKHBIX MOCTOB // VHyKeHepHO-CTpouTebHbIH xypHai. 2017. Ne 7(75). C. 150-160.

158



Magazine of Civil Engineering, No. 7, 2017

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

of Steel Structures. 2017. Vol. 17. Pp. 339-349.

AASHTO LRFR, 2003. Guide Manual for Condition
Evaluation and Load and Resistance Factor Rating (LRFR)
of Highway Bridges. USA: American Association of State
Highway and Transportation Officials.

AASHTO MBE, 2008. MBE-1-M, Manual
Evaluation. 1st ed. Washington, DC: AASHTO.

Alampalli S., Ettouney M. Bridge Load Testing: Cost-
Benefit Evaluation. Orlando, Florida, USA, ASCE,
Structures Congress. 2010.

Baker J., Schubert M., Faber M. On the assessment of
Robustness.  Structural Safety. 2008. Vol. 30(1).
Pp. 253-267.

Rakoczy A.M., Nowak A.S., Dick S. Fatigue reliability
model for steel railway bridges. Structure and Infrastructure
Engineering. 2016. Vol. 12. Pp. 1602-1613.

Beck J., Au S. Bayesian updating of structural models and
reliability using Markov Chain Monte Carlo Simulation.
Journal of Engineering Mechanics. 2002. Vol. 128(4).
Pp. 380-391.

Bocchini P., Saydam D., Frangopol D. Efficient, accurate,
and simple Markov chain model for the life-cycle analysis
of bridge groups. Structural Safety. 2013. Vol. 40.
Pp. 51-64.

Wisniewski D., Casas J., Ghosn M. Codes for safety
assessment of existing bridges. Current state and further
development. Structural Engineering International. 2012.
Vol. 22(4). Pp. 552-561.

Briihwiler E. Extending fatigue life of structures beyond 100
years using monitored data. Proceedings of IABSE
Workshop on Safety, Failures and Robustness of Large
Structures. Helsinki (Finland), 2013.

Casas J. Reliability-based assessment of masonry arch
bridges. Construction and Building Materials. 2011.
Vol. 25(4). Pp. 1621-1631.

Casas J., Cavaco E., Neves L. Quantifying redundancy
and robustness of Structures. Proceedings of |ABSE
Workshop on Safety, Failures and Robustness of Large
Structures. Helsinki (Finland), 2013.

Catbas F., Susoy M., Frangopol D. Structural health
monitoring and reliability estimation: Long span truss
bridge application with environmental monitoring data.
Engineering Structures. 2008. Vol. 30(9). Pp. 2347—-2359.

Cavaco E.S., Casas J.R., Neves L., Huespe A. Robustness
of corroded reinforced concrete structures — a structural
performance approach. Structure and Infrastructure
Engineering. 2013. Vol. 9(1). Pp. 42-58.

Kihn B., Luki¢ M., Nussbaumer A., Gunther H.-P.,
Helmerich R., Herion S., Kolstein M.H., Walbridge S.,
Androic B., Dijkstra O., Bucak O. Assessment of Existing
Steel Structures: Recommendations for Estimation of
Remaining Fatigue Life. First Edition. 2008. 108 p.

CAN/CSA-S6.1-06, 2006. Commentary on CAN/CSA-S6-
06, Canadian Highway Bridge Design Code, Canadian
Standards Association. Canada: Canadian Standards
Association.

CAN/CSA-S6-06, 2006. Canadian Highway Bridge Design
Code. Canada: Canadian Standards Association.

Vatin N.l., Rybakov V.A Raschet metallokonstrukcij:
sed'maja stepen' svobody [alculation of metal structures:
the seventh degree of freedom]. Strojprofil'. 2007. No. 2.
Pp. 60-63. (rus)

for Bridge

19

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Rakoczy A.M., Nowak A.S., Dick S. Fatigue reliability

model for steel railway bridges // Structure and
Infrastructure Engineering. 2016. Vol. 12. Pp. 1602-1613.

Beck J., Au, S. Bayesian updating of structural models and
reliability using Markov Chain Monte Carlo Simulation //
Journal of Engineering Mechanics. 2002. Vol. 128(4).
Pp. 380-391.

Bocchini P., Saydam D., Frangopol D. Efficient, accurate,
and simple Markov chain model for the life-cycle analysis
of bridge groups // Structural Safety. 2013. Vol. 40.
Pp. 51-64.

Wisniewski D., Casas J., Ghosn M. Codes for safety
assessment of existing bridges. Current state and further
development // Structural Engineering International. 2012.
Vol. 22(4). Pp. 552-561.

Brihwiler E. Extending fatigue life of structures beyond 100
years using monitored data // Proceedings of IABSE
Workshop on Safety, Failures and Robustness of Large
Structures. Helsinki (Finland), 2013.

Casas J. Reliability-based assessment of masonry arch
bridges // Construction and Building Materials. 2011.
Vol. 25(4). Pp. 1621-1631.

Casas J., Cavaco E., Neves L. Quantifying redundancy
and robustness of Structures // Proceedings of IABSE
Workshop on Safety, Failures and Robustness of Large
Structures. Helsinki (Finland), 2013.

Catbas F., Susoy M., Frangopol D. Structural health
monitoring and reliability estimation: Long span truss
bridge application with environmental monitoring data //
Engineering Structures. 2008. Vol. 30(9). Pp. 2347-2359.

Cavaco E.S. Casas J.R., Neves L., Huespe A. Robustness
of corroded reinforced concrete structures — a structural
performance approach // Structure and Infrastructure
Engineering. 2013. Vol. 9(1). Pp. 42-58.

Kiuhn B., Luki¢ M., Nussbaumer A., Ginther H.-P.,
Helmerich R., Herion S., Kolstein M.H., Walbridge S.,
Androic B., Dijkstra O., Bucak O. Assessment of existing
steel structures: recommendations for estimation of
remaining fatigue life. First Edition. 2008. 108 p.

CAN/CSA-S6.1-06, 2006. Commentary on CAN/CSA-S6-
06, Canadian Highway Bridge Design Code, Canadian
Standards Association. Canada: Canadian Standards
Association.

CAN/CSA-S6-06, 2006. Canadian Highway Bridge Design
Code. Canada: Canadian Standards Association.

BatuH H.W., PeibakoB B.A. PacueT mMeTannokoHCTpyKLuiA:
cegbmas cteneHb ceoboapl // Ctporinpodunb. 2007. Ne 2.
C. 60-63.

Indeykin A.V., Chizhov S.V., Shestakova E.B., Antonyuk A.A., Kulagin N.I., Smirnov V.N., Karpov V.V,
Golitsynsky D.M. Approximated methods of estimation of the reliability of framed railway structures of railway
bridges. Magazine of Civil Engineering. 2017. No. 7. Pp. 150-160. doi: 10.18720/MCE.75.15.

159



NuxeHepHO-CTPOUTENBHBI KypHaJI, Ne 7, 2017

Andrey Indeykin,
+7(812)457-82-49; andrey.indeykin@mail.ru

Sergei Chizhov,
+7(921)793-53-21; sergchizh@yandex.ru

Ekaterina Shestakova,
+7(921)094-51-06; ekaterinamosté@gmail.com

Anatoly Antonyuk,
+79990251833; aaa.12.03.1992@mail.ru

Nikolay Kulagin,
+7(812)316-20-22; Imgt@lenmetro.ru

Vladimir Smirnov,
+7(812)572-61-19; svn193921@rambler.ru

Vladimir Karpov,
+7(911)710-59-38; vvkarpov@lan.spbgasu.ru

Dmitriy Golitsynsky,
+7(812)457-82-69; pgupstm@yandex.ru

AHOpel Bukmoposuy MNHOeliKuH,
+7(812)457-82-49;
an. noyma: andrey.indeykin@mail.ru

Cepeeli Bnadumuposuy YHuxxos,
+7(921)793-53-21;
an. noyma: sergchizh@yandex.ru

EkamepuHa bopucosHa LLlecmakosa,
+7(921)094-51-06;
an. noyma: ekaterinamost6@gmail.com

AHamornut AHamobesauy AHMOHIOK,
+79990251833;
an. noyma: aaa.12.03.1992@mail.ru

Hukonat NeaHosu4 KynaeuH,
+7(812)316-20-22; an. noyma: Imgt@lenmetro.ru

Bnadumup Hukonaesuy CMupHos,
+7(812)572-61-19;
an. nodyma: svn193921@rambler.ru

Bnadumup Bacunsesuy Kapros,
+7(911)710-59-38;
an. noyma: vvkarpov@lan.spbgasu.ru

Amumpui Muxadnosuy MNonuysiHekud,
+7(812)457-82-69;
a/1. noyma: pgupstm@yandex.ru

© Indeykin A.V.,Chizhov S.V.,Shestakova E.B., Antonyuk A.A., Kulagin N.l.,Smirnov V.N.,

Karpov V.V.,Golitsynsky D.M., 2017

Wupeiikun A.B., Ywxos C.B., IlllecrakoBa E.b., Anrontok A.A., Kynarun H.U., Cmupuos B.H., Kapnos B.B.,

Fomuuemackuit JI.M.  TIpuOimkeHHbIE METOJBI

OLCHKHN HaACKHOCTU 0aJI0YHBIX MPOJICTHBIX C’I‘pOGHI/Iﬁ

KEJIE3HOTOPOKHBIX MOCTOB // VHyKeHepHO-CTpouTebHbIH xypHai. 2017. Ne 7(75). C. 150-160.

160





