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Abstract: Driving security of trains with high speed is one of pivotal issues influenced by the
smoothness of rail lines significantly. For high-speed railway steel bridges, fatigue cracking
of typical positions under the rail lines will reduce stiffness of the deck plate inducing the
smooth of the rail lines. In this paper, the strain data recorded by the structural health moni-
toring system is analyzed and a new theoretical approach is proposed by integrating fatigue
assessment of typical welded joint for high-speed railway steel bridge in service. The theoret-
ical approach includes various factors including stress concentration, environmental corro-
sion and train flow. Having applied in an actual high-speed railway bridge —Dashengguan
Yangzte River Bridge, the approach was converted to conduct determinative and reliable fati-
gue-life evaluation of the bridge. Static-load experiment was conducted to obtain the stress
distribution around the weld, as well as the distinction of stress between the positions of weld
and strain gauge. The influence of environmental corrosion was integrated by two aspects:
increase of stress and reduce of the fatigue resistance. Without consideration of train-weight
growth, in conclusion, the fatigue life of typical welded joint will be infinite even if the train
flow is with growth constantly. In addition, fatigue life of typical welded joints, determinative
or reliable, may be less than the designed service period when growth rate of the train weight
arrives at 5%.
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1 INTRODUCTION

High-speed train emerges to satisfy passengers’ need of shorter time between distant cities.
Trains in high speed are likely to suffer cruel accidents resulting in mayor loss of life and
property [1,2]. A mayor concern about the railway transportation system is whether these as-
built high-speed railway bridges are robust enough to carry the ever-increasing transportation.
Considerable railway bridges were built in steel for lighter weight and easier construction
[3,4]. However, steel material and structure are vulnerable to suffering corrosion and fatigue
issues especially in welded positions. Thus, subjected to repeated load with ever increasing,
there is an urgent need to assess the fatigue performance, remaining fatigue life or reliability
combining environmental corrosion.

Fatigue performance assessment requires actual information on structural response of strain
at welded position [5-7]. Although Structural Health Monitoring System (i.e. SHMS) has pro-
vided strain historical information, proper consideration has to be given involving stress con-
centration in welds, environmental corrosion and consistent growth of train flow in the future
[8,9]. Limited by the feasible positions for strain gauges, measured strain data is incapable of
acquiring the strain closing to the weld. So, laboratory test has to be conducted to obtain the
stress field around the weld, solving the problems of distinction between the in-situ measure-
ment and actual stress state. In addition, various investigations have been conducted on reduce
of cross section by environmental corrosion. But, it is not remarkable to consider the influ-
ence of corrosion on fatigue resistance of steel material.

Besides the determinative fatigue-life evaluation of welded joints, reliable fatigue-life eval-
uation has become much more noticeable, with the growing attention on uncertainty of ma-
terial, geometry, environmental and loading actions [10,11]. Because of the variation of
influencing factors with time, time-dependent reliability assessment becomes essential for
full-cycle evaluation of fatigue performance [12]. SHMS has been proved to be one of essen-
tial measures to conduct reliability evaluation for actual projects [13]. However, additional
investigations require being carried out for the restriction of sensor-system scale and envi-
ronmental conditions. Mechanical-property and material-resistance experiments are likely to
help completion and improvement for the in-situ evaluation of projects.

In this paper, a new theoretical approach is proposed by integrating fatigue assessment of
typical welded joint for high-speed railway steel bridge in service. The approach is developed
by considering multiple influencing factors - stress concentration, environmental corrosion
and growth of train flow. Structural health monitoring system is introduced to provide essen-
tial data for fatigue evaluation. Static-load experiment is adopted to obtain the information of
stress concentration between the welds and strain-sensor locations. In addition, the relation of
the stress reducing and environmental corrosion is derived to coincide with the actual property
of plate structure. Finally, determinate and reliable fatigue-life evaluations are conducted by
adopting the recommended approach, applying to a large high-speed railway bridge — the Da-
shengguan High-speed Railway Bridge in China.

2 STRAIN MONITORING SYSTEM OF DASHENGGUAN HIGH-SPEED
RAILWAY BRIDGE

Dashengguan High-speed Railway Bridge (Fig. 1 (a))is located in Nanjing city of Jiangsu
province in China, spanning the Yangtze River which is the longest river in China. Two na-

tional railway lines were conducted and run through the bridge. These two railway lines are
respectively Beijing-Shanghai High-Speed Railway and Shanghai-Hankou-Chengdu Railway
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and the design speed is 300 km/h and 250km/m. Two kinds of trains serve for these two main
rail lines with respectively and 16 carriages. As one kind of steel trussed arch bridge, the ver-
tical view of the bridge is presented in Fig. 1(b) with the main span of 336m. To obtain higher
stiffness reducing the risk of train derailing, orthotropic steel deck is applied with internal
crossbeams distributed longitudinally.

To acquire structural performance of the railway bridge, structural health monitoring sys-
tem was installed in construction period. Strain gauges were equipped near rib-to-deck-joint
locations for further evaluation of fatigue performance as the orthotropic steel deck is prone to
fatigue cracking. The locations of strain gauges are shown in Fig. 1(c). There are two strain
gauges in the middle cross section of orthotropic steel deck, which are labeled as DYB-11-23
and DYB-11-24. The strain gauge DYB-11-23 belongs to the side of Beijing-Shanghai High-
Speed Railway and DYB-11-24 is on the side of Shanghai-Hankou-Chengdu Railway.
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Fig. 1(b) Side elevation of the main bridge (unit: m)
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Fig. 1(c) Cross-section diagram of strain gauges

Fig. 1: Layout diagram of strain gauges for steel deck
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3 MONITORED STRAIN DATA AND TWO CALCULATED FATIGUE EFFECTS

3.1  Strain history curve under typical trains

In this paper, strain history data is introduced for fatigue evaluation from February to July
in 2013. It is presented by Fig. 1 (¢) that the strain-gauge locations of DYB-11-23 and DYB-
11-24 are symmetrical. Thus, the monitored strain data of DYB-11-24 was merely applied to
conduct fatigue analysis. Fig. 2 presents two typical strain history curves of DYB-11-24 under
single train. These two curves were induced by typical trains with respectively 8 and 16 car-
riages. The maximum value of changes in strain is within 2-6 pe during the passing of train
with8 and 16 carriages. For the train with 8 carriages, the number of the strain peaks is 16
while the same value for the train with 8 carriages is about 32. Considering the number of
wheels for each carriage is 2, the number of the strain peaks corresponds to the number of to-
tal wheels.
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Fig. 2 (a) Typical strain history curve during the passing of train with 8 carriages
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Fig. 2(b) Typical strain history curve during the passing of train with 16 carriages
Fig. 2: Typical strain history curves of strain gauge DYB-11-24 during the passing of typical trains

3.2 Stress amplitude and stress cycle number

Firstly, stress curves were obtained by multiplying0.206 to strain data, in which the units
of stress and strain are respectively MPa and pe. In addition, 0.206 is the value of elastic
modulus of steel in unit of GPa. Stress amplitude and stress cycle number are two typical pa-
rameters for evaluating fatigue performance of welded joint. Secondly, rain-flow method was
introduced to process the calculated stress history data and stress amplitude spectrum was ob-
tained for further investigation. Fig. 3 presents the stress amplitude spectrum of two typical
trains with 8 and 16 carriages. In the figure, the scope of stress amplitudes smaller than
0.3MPa occupying the vast majority is induced by interferences with randomness. Thus, the

8694



Y. Wang, Y.S. Song

stress amplitudes smaller than 0.3MPa were eliminated for further calculation conduction. Fi-
nally, two fatigue parameters of Seq (equivalent stress amplitude) and Ns (stress cycle num-
ber) under single train were calculated as follows based on the Palmgren and Miner theory
combined with standard of Eurocode 3:

i _( ns’ j

T2 M

N=2n 2)

where Si is the ith stress amplitude, ni is the number of stress cycle corresponding to Si and
1/5 is slope value of logS-logN curve corresponding the scope of stress amplitude in Euro-
code 3. Fig. 4 presents the series of fatigue S-N curves recommended by Eurocode 3. In the
figure, the type of rib-to-deck joints corresponds to Type 71 with AcD equals to 52 MPa.
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Fig. 3: Stress amplitude spectrum of DYB-11-24 under two typical trains

Table 1 presents the calculated results of Seq and Ns for typical stress history curve under
single train with 8 and 16 carriages. The values of Seq are similar by comparison of trains
with 8 and 16 carriages. The difference ratio between these two trains is only 5.6%. However,
the difference of Ns between these two types of trains is much more significant. As the ratio
of Ns between two trains is about 2.0, the number of stress cycle is certainly linearly relative
with the number of train carriages.

Type of train Seq (MPa) Ns
8-carriages 0.75 22
16- carriages 0.71 45

Table 1: Comparative results of fatigue effects under two typical trains
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Fig. 4: Series of fatigue S-N curves recommended by Eurocode 3

Time-dependent rule of two fatigue effects is investigated by processing the strain data
from February to July in 2013. The processing time unit of the strain data is defined as one
day. The treating procedure is similar to presentation in the previous paragraph. Thus, the re-
sultant fatigue effects are so-called daily Seq and daily Ns. Fig. 5 presents the curves of daily
Seq and daily Ns from February to July in 2013. The value of daily Seq is similar between
various days as the distribution is confined to the scope between 0.67 MPa and 0.80 MPa.
However, daily Ns in the first half of the February is much greater than other months. In this
period, the train flow is much larger because of the nationally shot rush called Spring Festival
Travel in China.

*x
=]

™ N
wn O W

Daily N (10%)
'(li N
[9)) (e

Daily S.q(MPa)

bt
wm O

by
=

Feb. Mar. Apr. May.Jun. Jul Feb. Mar. Apr. May.Jun. Jul

Fig. 5 (a) Daily stress amplitude Fig. 5 (b) Daily stress cycle number

Fig. 5: Time-varying curves of two fatigue effects from February to July in 2013
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4 MUTI-FACTORS INFLUENCING FATIGUE PERFORMANCE

4.1 Stress concentration

It is presented in the section 3 that the monitored data of strain is capable of obtaining the
typical factors accounting fatigue performance. However, accurate evaluation is merely
achieved when sufficient causes are taken account into consideration (Ma et al. 2010). Re-
stricted from the field environment and sensor’s capability, strain gauges have to be only in-
stalled from the weld with certain distance. Thus, the recorded monitoring strain data is much
smaller than the actual where approaching the weld toe. Near the weld toe, the stress is called
hot-spot stress and the recorded monitoring stress is regard as the nominal stress. Currently,
the difference between them is profiled by the parameter called Stress Concentration Factor
(SCF) which is described as follows:

SCF =S, /8, 3)

where Shot is hot-spot stress and Snom is nominal stress.

Static-load experiment is conducted to obtain SCF for rib-to-deck welded joint. The geo-
metry of experimental specimen is uniform with actual steel deck of Dashengguan Railway
Bridge. The specific dimension of the experimental specimen is presented in Fig. 6 and Table
2. In addition, the WJ-X# indicates the rib-to-deck welded joints of the specimen. Resistance
strain gauges are applied to measure the stress distribution around the deck plate under typical
load level. The layout of the strain gauges is presented in Fig. 7. The label of DTX and DBX
indicates the stain gauges located on the deck top and deck bottom. In addition, the label of
RBX indicates the stain gauges on the rib bottom approaching the weld. Typical two-point
bending experiment is adopted as static-load mechanism. Fig.8 presents the loading equip-
ment and mechanism for static-load experiments. During the region between the loading
points, the bending moment keeps constant and the deck-top/bottom stress at the middle posi-
tion between neighboring welds is regard as the nominal stress. Then, the stress approaching
the weld toe is considered to be the hot-spot stress.

Group  Specimen Deck plate U-shaped rib
Number Length ~ Width Thickness Opening  Flange  Height  Thickness Spacing
width width
1 OsSDI1- 2100 300 16 300 160 280 8 600
OSD4

Table 2: Typical geometrical parameters of experimental specimen (unit: mm)

Fig. 6: Geometric parameters of experimental member (unit: mm)
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Fig. 7: Layout of strain gauges for experimental specimen
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Fig.8: Experimental diagram of static test for typical experimental specimen

9 load levels are adopted to conduct the static-load experiment. The minimum and maxi-
mum loads are 2kN and 18kN with load interval of 2kN. Taking OSDS5 for instance, typical
stress distribution is presented in Fig. 9 under the loads of 6 kN, 12kN and 18kN. The deck-
top stress and deck-bottom stress is similar in absolute value with reverse direction. Thus, the
specimen is certainly in the state of the pure moment conforming to the mechanical model. In
addition, the stress is nearly equality during the middle region between neighboring welds.
However, the stress increases significantly with the locations approaching the welded joint.
The SCFs are calculated and obtained by Equation (2). Among the equation, the deck-bottom
stress of middle locations between neighboring welds is applied as Snom while the deck-
bottom stress approaching the weld toe is adopted as Shot. Various SCFs are presented in Ta-
ble 3 with two welds for each specimen. It appears that SCFs at different weld location differs
significantly because of the distinction from the geometrical dimension of the weld. Thus, fa-
tigue evaluation requires taking into account of the discreteness of SCF.

Specimen Specimen
Weld number Value of SCF Weld number Value of SCF
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number number
WI-2# 1.12 WI-2# 1.25

OSD1 WIJ-3# 1.46 OSD2 WI-3# 1.11
WIJ-4# 1.06 WI-4# 1.55
WIJ-5# 1.32 WI-5# 1.56
WI-2# 1.11 WI-2# 1.29

0OSD3 WI-3# 1.17 0SD4 WI-3# 1.13
WI-4# 1.11 WI-4# 1.22
WJ-5# 1.24 WI-5# 1.21

Table 3: Data summary of experimental values of SCF around weld toe
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Fig.9: Typical stress distribution of deck plate for OSD Sunder various loading steps

4.2  Environmental corrosion

Metal material and structure are subjected to environmental actions such as temperature,
wetness and chemical substance in the standing service period [7,8]. Among these causes, fa-
tigue performance of steel structure is affected significantly by the environmental corrosion.
The influence of the corrosion is mainly highlighted on two aspects acting on fatigue perfor-
mance. Firstly, fatigue resistance of steel material degrades gradually under the action of cor-
rosion. Secondly, cross area of steel member decreases with the erosion of the corrosion
environment. So, the stress or the stress amplitude magnify with the reducing of the cross area
under uniform loads. Thus, above two aspects require taking account into consideration for
achieve more accurate evaluation of steel-structural fatigue performance.

Assumptions are proposed to profile the action of corrosion on the cross area. Firstly, depth
of the steel plate is merely influenced by the corrosion while the other two geometrical di-
mensions are consistence with no variation. Secondly, the depth of steel plate is presumed to
satisfy the function with time as follows [14]:

5 (f ) = bt " ( 4)
where 6(?) denotes etch depth of steel plate, tis exposure time of steel structure, b and r is
parameters related with material property.

For steel-plate composed structures, stress is influenced more significantly by the etch
depth in through-thickness direction. For rib-to deck welded joint belonging to orthotropic
steel deck, the stress around deck-plate region is crucial for the performance of fatigue. Pre-
vious investigations indicate that flexure stress of deck plate approaching the weld toe is sig-

8699



Y. Wang, Y.S. Song

nificant to fatigue performance. Therefore, the loss rate of section modulus (77(?)) is described
as follows corresponding to the flexure capacity:

W-W() 251 5
w B B (5)

n() =

where W denotes initial section modulus, W(t) 1s effective section modulus and B is width

of cross section., Bis thickness of steel plate. Assuming the stress is within elastic range
around the rib-to-deck joint for deck plate, the bending moment is described as follows:

E-e W=E-2(t)-W(t) ©6)

where E denotes elastic modulus of steel material, € and £(?) are initial strain and the strain
at time of t respectively.

Substituting equation (5) into (6), then:

1
£

200 5°()

B B’ (7)
Finally, effective stress amplitude (S(t)) is described as follows:

1 2 Sn
- 20(t) N 1) (Zt)
B B (8)

where Sn denotes nominal stress amplitude which is calculated by initial area of cross sec-
tions.

Compared to the aggravation of near-weld stress for typical members, material property of
fatigue resistance is much harder to profile under the action of environmental. Typical resis-
tance models for fatigue of the specific welded joint are described by series of S-N curves.
Most equations corresponding to S-N curves are shown as:

E(1) =

1

S(t) =

1gN:1gC—mlgS (9)

where N denotes fatigue life represented by cycle number, C is model parameter relating to
material property, m is slop of IgS-IgN curves, and S is stress amplitude of welded joints.
Plenty of investigations have pointed out that the value of m keeps consistent by action of the
environmental corrosion. In addition, the parameter C indicates time-dependent fatigue resis-
tance of steel material acted by corrosion. Thus, C is transferred as C(?) to account for its time-
dependent property. Some fitting functions have been proposed to profile the time-dependent
property of C(?) . In further, exponential function has been recommended for application de-
scribed as follows [14]:

C@)= CO(D(I) = Coe_m (10)

Where Cp is initial parameter of welded joint without environmental corrosion, ¢(t) is de-
generate function of C, and @ is fitting parameter of C(¢) relative with environment condition
and types of welded joints.
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5 DETERMINATIVE FATIGUE- LIFE EVALUATIONS INTEGRATING
MULTIPLE FACTORS

5.1 Primary evaluation method

Fatigue-resistance model is the basis to conduct fatigue- life evaluation. Typical codes for
fatigue evaluation of steel bridge include BS5400, Eurocode 3and AASHTO. Compared to
the ancient code of BS5400, Eurocode3and AASHTO involve the influence of stress thre-
shold, which means that fatigue life of typical welded joints is infinite when stress amplitude
is less than a certain value. Such kinds of certain value were called fatigue life constant ampli-
tude fatigue limit. In addition, different slope value is taken into account at various scope of
stress amplitude. Thus, Eurocode 3 has been applied to conduct the fatigue design and evalua-
tion of steel bridge in mayor nations and regions.

Similarly with typical fatigue-resistance codes, fatigue life profiled by Eurocode 3 in shape
of series of S-N curves. Fig. 4 presents the series of S-N curves for various types of welded
joints. In the figure, Acc presents type of welded joints defined by constant stress range AcR
(Aogr=2.0xS) in condition of stress cycle number equals to two million. Acc and Aoy denote
respectively constant fatigue limit and fatigue cut-off. The value of constant slope m of 1gS-
IgN curves equals to zero in condition of Acgr<Aoy. In such range, fatigue life of welded joints
is infinite. In range of Ao <Aor<Aop, the value of m varies from zero to five while the value
of m becomes three when Acgr > Acc.

Fatigue damage requires being calculated and obtained to confirm subsequently the fatigue
life of typical welded joint. Plamgren-Miner methodology is adopted in mayor scopes includ-
ing fatigue design and real-time evaluation. The methodology is based on the assumption of
linear damage accumulation described as follows:

p= ", ¥ S
C

S 2A0, Ac,<S <Ao, KD (1 1)

where K¢ and Kp keynote parameters related with types of welded joint.

Suffered from variable stress amplitudes, the most significant issue is how the fatigue life
in confirmed by corresponding to the accumulated fatigue damage. Although the linear fati-
gue-damage methodology of Plamgren-Miner has been admitted widely, the ultimate value of
accumulated fatigue damage, which indicates the ultimate fatigue life, is still in dispute. The
reason for these disputes is mainly because linear fatigue-damage methodology does not in-
clude the nonlinear influence of fatigue damage by variable stress amplitudes. Therefore, fati-
gue life may achieve when fatigue damage D is less or more than 1.0. For simplification,
deterministic fatigue life is confirmed and obtained by principle of fatigue damage D equaling
to 1.0.

5.2  Fatigue-life evaluation considering multiple factors

Having identifying the general principle of evaluating fatigue life, fine factors are then re-
quired being taken account including the influence of stress concentration and environmental
corrosion. Firstly, influence of stress concentration is represented by SCF. According to the
result of static-load experiment, the value of SCF scatters in scope from 1.11 to 1.56. The
mean value of SCF equaling to1.24 is adopted to conduct fatigue evaluation for simplification.
Secondly, fatigue capacity is reflected in two aspects of Acc and Aoy, described by Equation
(10). A is set as 0.006 and C, is selected as Aoy, Aog, Aop, K¢ and Kp.As recommended by
Eurocode 3 for rib-to-deck welded joint, AL, Acg,, Aop, K¢ and Kp are respectively 70MPa,
52MPa, 29MPa, 7.16x1011 and1.90x1015. Thirdly, the weakness of section corresponding to
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corrosion is presented by Equation (4) to (8). In the equation, b and r is made as 60 and 0.48
[14].

Daily Seq is consequently obtained with the increase of service time, presented by Fig. 10.
With the growth of service time, the daily Sqincreases linearly with the service time. When
the service time arrives at 100 year, the daily S¢q reaches at 1.04 MPa. Even through the ser-
vice time arrives at 300 year, three times of the designed service period, the daily S is only
about 1.09 MPa. Fig. 11 presents curves of AcL decreasing with commission period nonli-
nearly. Ao equals to 15.9, 8.7 and 4.8 MPa, when commission period arrives at 100, 200 and
300 years. Without consideration of increase of train weight, Se,d is far less than AcL indicat-
ing that fatigue life of rib-to-deck welded joints is beyond 300 years. As the designed service
life of bridge is 100 years, fatigue life of orthotropic steel deck of Dashengguan Bridge can be
considered infinite.
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Fig.10: Curve of equivalent stress amplitude with service time Fig.11: Curve of fatigue limit with service time

5.3  Discussion on influence of train weight, train flow and number of carriages

However, fatigue life is perhaps not infinite when taking account of sustained development
of train weight. If the stress of orthotropic steel deck is within elastic range under train load
actions, the stress amplitude is linearly increased with the growth of train weight. Annual
growth rate of train weight is introduced to considering the sustained development of train
weight. The value of 1%, 3% and 5% are adopted to investigate the influence of train weight
growth on fatigue life. Fig. 12 presents the curves of S¢4 under growth rate of train weight of
1%, 3% and 5%, as well as the variation curves of Aoy and Aop. When the train weight is in-
creased by annual growth rate of 1% and 3%, Seq4 approaches to AcL at the time of 95th year
by far. It indicates that fatigue life is much greater than the designed service period of 100
years.

Yet, Scq 1s perhaps beyond Acr and Aop at 61th and 72th year when annual growth rate of
train weight reaches at 5%.It is known from Equation (11) that there is no fatigue damage
within the first 61 years and fatigue damage is accumulated from 61th and index of stress am-
plitude transform from 5.0 to 3.0 at 72th. Fatigue life is consequently 77 years when accumu-
lated fatigue damage D reach at 1.0. It means that fatigue failure perhaps occurs within the
designed service life (100 years).

However, above investigations merely includes the increase of train weight without con-
sideration of annual train flow and number of train carriages. If these two factors are taken
account of, the calculated fatigue life becomes much shorter, less than 77 years.
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6 TIME-DEPENDENT FATIGUE RELIABILITY ASSESSMENT

6.1 Limit state equation of fatigue failure

When stress amplitude exceeds the constant fatigue limit, fatigue damage is accumulated
induced by action of sustained train load and environmental corrosion. Fatigue failure perhaps
occurs in condition that the fatigue damage arrives at critical value. Thus, the limit state equa-
tion of fatigue failure for welded joint can be described as follows:

g(X):A—e-D:A—e-(Z 5 + Z ﬁ}

S,z2A0), KC Ao, <S,<Ac), KD

(12)
where/\ denotes ultimate value of fatigue damage, e is correction factor caused by error
measurement of strain gauges and D is accumulated fatigue damage calculated by Equation
(11).
When g(X)<0, the welded joint is under fatigue-failure state in probability sense. Thus, fa-
tigue failure probability is described as 7, = p(¢(X)<0) and the fatigue reliability index S is
calculated as follows:

ﬂ:q)il(l_l’f):_qyl(Pf) (13)

where @ (+) denotes inverse function of standard normal distribution.

6.2 Probability-distribution function of critical factors

There are four variables in the fatigue-failure limit state equation, i.e. A\, e, Si (Sj). Above
determinative fatigue-life calculation is based on the assumption that fatigue life arrives when
fatigue damage D equals to 1.0. However, fatigue failure may occur when the D is unequal to
1.0 with random distribution. According to related investigation from article [15], e is de-
scribed statistically as normal distribution whose mean value and standard deviation are re-
spectively 1.0 and 0.03.

Fig. 13 presents the calculated histogram distribution of two fatigue effects, i.e. daily Seq
and N. In the figure, Nominal, Log-nominal and t-distribution functions are applied for profil-
ing. By contrast, t-distribution function fits much better than the two others. Thus, t-
distribution functions are applied to profile statistical property of daily Seq and N. Table 4
presents the parameters of t-distribution function for daily Seq and N.
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Distribution Mean Standard Variable
Fatigue effect
function value deviation cofficient
Daily Seq t-distribution 0.72 0.025 0.03
Daily N t-distribution 5179 267 0.05

Table 4. Parameters of probabilistic models for daily Seq and daily N
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Fig. 13: Probabilistic models of daily equivalent stress amplitude and daily stress cycle number

6.3 Time-variant fatigue-reliability index

Because of the randomness of influencing factors, reliability evaluation is constantly ap-
plied to assess in-service performance of engineering structure. With the service time going
on, the stochastic behavior of influencing factors varies inducing the transformation of struc-
tural reliability. The characteristic of structural reliability corresponding to time is so-called
time-dependent reliability.

Constantly, reliability index Bis adopted as the parameter for evaluation the reliability. Var-
ious methods has been carried out to calculate the reliability index . These presentative me-
thods include First Order Second Moment Method, Response Surface Method and Monte-
Carlo Simulation Method. Typically, Monte-Carlo Simulation Method is much more applica-
ble in situation when influencing factor does not fit the Nominal distribution function. Monte-
Carlo Simulation Method conducts random sampling directly based on statistical model of
actual events. Then, the occurrence frequency of actual events is acquired such as the fatigue-
failure frequency of welded joints.

In this paper, Monte-Carlo Simulation Method is applied to acquire the approximate solu-
tion of fatigue failure probability according to Equation (12). Influencing factors are taken
account of including the stress concentration, environmental corrosion as well as the growth
of train weight. The action rule of above influencing factors is considered by Section 4 incor-
porating the time effect. Fatigue reliability index f is finally commutated by Equation (12).

The value of 100,000 is selected as the sampling number in each condition for typical
Monte-Carlo Simulation process. Including the influencing factors mentioned above, three
kinds of growth rate of train weight, i.e. 1%, 3% and 5%, are adopted as typical conditions.
Fig. 14 presents the curves of fatigue reliability index f corresponding to time under above
three typical conditions. The target reliability index is selected as 3.0 according to engineering
experience [16]. In the figure, the fatigue reliability index B maintains 3.30 until the designed
service period of 100 years under the condition of growth rate of train weight with 1% and 3%.
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In contrast, the fatigue reliability index f maintains 3.30 until the 84th year when the
growth rate of train weight equals to 5%. Then, the fatigue reliability index 3 declines rapidly
and reaches 3.0 at the time of 85th year. After short-time volatility for about ten years, the fa-
tigue reliability index B maintains at constant level equaling to 0.0. It indicates that fatigue
failure may occur with significantly high probability.
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Fig.14: Curve of reliability index with time under different growth rate of train weight

7 CONCLUSIONS

Fatigue issue is typical structural performance for high-speed railway bridge. Once fati-
gue cracking is happened in the deck plate under rail lines, the ride performance of the high-
speed train is reduced inducing potential major traffic accident. Obtained from the structural
monitoring system, strain history data provides chances to conduct the real-time fatigue eval-
uation for typical high-speed railway bridge. In this paper, the fatigue performance is eva-
luated for Dashengguan High-speed Railway Bridge in China by assessing its fatigue life and
time-dependent fatigue reliability. In addition, multiple factors are taken into account includ-
ing stress concentration, environmental corrosion and growth of train weight. Conclusions are
presented as follows:

e Under the passage of trains with different number of carriages, the value of equivalent
stress amplitude is approaching with each other. However, the stress cycle number is
proportional to the number of train carriages, indicating the linear relation between stress
cycle number and train axle number.

e Without consideration of the randomness of influencing factors, the fatigue life of rib-to-
deck welded joint is infinite taking only account of environmental corrosion and stress
concentration. If consistent development of train weight is considered, the fatigue life
may decrease to the value less than the designed service period. For instance, fatigue life
is only about 132 years and 77 years when the annual growth rate of train weight reaches
to 3% and 5%.

e Similarly to the fatigue-life evaluation without regardless of randomness, fatigue reliabil-
ity of rib-to-deck welded joint remains at relatively higher level taking no account of the
consistent development of train weight. If the growth rate of train weight is considered as
5%, the fatigue reliability index is less than the target reliability index when arriving at
the 84™ year. Thus, the reliable fatigue life is 84 years when the growth rate of train
weight equaling to 5%. Consequently, it indicates that fatigue performance of rib-to-deck
welded joint is likely to be unreliable within the design-life period.
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