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This paper describes a concept for the f atigue 
evaluat ion and design of railroad bridges. The 
pri mary ob jective is to account for the number 
of stress cycles par train, the corresponding 
stress ranges, and the total number of trains 
in the lifetime of the structure. Stress recor
dings from various structural elements of exis
ting bridges were used as input for fatigue 
tests on beams. The test results er• evaluated 
using the reinflow counting method and Miner's 
cumulative damage law, Thaae r esults show good 
correspondence with const an t amplitude test 
data, The assessment of traff ic is based on 
theoretical traffic models and on measurements 
of axle loads and axle spacings, The fatigue 
effect of the traffic models is simulated by 
computer programs in terms of span length and 
compared to field measurements . It is shown that 
a correction f actor may be applied to the design 
live load when used for fatigue considerations. 
In addition , the fat igue design concept enables 
t o account fo r the t otal number of trains in the 
lifetime of the bridge, Also, a different safety 
factor may be applied for redundant and non
rP.dundant load path otructures. 

Int roduc t ign 

The collapse of a given structure due to fatigue 
depends on the fatigue behaviour of its different 
structural elemente, The governing stresses causing 
fatigue damage in theee elements are due to actual 
traffic conditione. For railroad bridges, the actual 
traffic may be deecribed by axle loads and axle 
spacings for every train, end by the total number of 
train crossings during the lifetime of the bridge 
(Figure!}, 

Howe.ver, one hee t o beer in mind thet i t i s im
possible for e design engineer t o consider actual 
traffic conditions excep t for the average number of 
t ra in s per dey . It i s theref ore import ant t o adj us t 
the design l iv e load in s uch e wey that the correc
t ed live load mey account for the actual traff ic, 

It is obvious t hat a bri tt le ma t erial may consi
der abl y s hor t en t he l ifetime of a structure. Hence , 
f at i gue and bri tt le fract ur e are not i ndependent 
(.1, £). It i s therefore import an t that e sudden 
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f ailure wit hout preceding large deformations s hould 
be eKcluded either by using a suff icient ly ductile 
mat eriel (i .J , or by adopting e highly redundant 
s t r uctural syst em, For the following discussion it 
i s assumed t hat britt le f racture is not t he gover
ning mode of collepee. 

Figure 1. Passenger train end e typical short epen 
steel bridge, 

Cons t an t Amplitude Fatigue Strength 

An ext remely large amount of experiment al t est dat e 
on s teel beams hes been obt ain ed s ince 1967 f rom e 
study sponsored by the Nat ional Cooperative Highway 
Res ear ch Pro gram end carried out et t he fr it z 
Eng ineering Laborat ory of Lehigh Univ ersit y. These 
studi es have s hown t ha t the most import ant f actors 
which gover ri the f a t i gue s t rengt h are t he strees 
range and the type · of details, regardless of the 
type of steel (,!, .2,) . tomprehensive specifications 
based on the s tress range concept have been deve
loped in the USA and ere actually proposed in diffe
rent countries in Europe. 

Figure 2 shows the design categories proposed 
for the Swiss specifications for steel structures 
(.§) . An additional category A1 hes b'een added for 
bolted connections, end the 95 ~ survival limits 
have been adjusted to a slope of m = 3 in the doubl&-



Figure 2. Allowable fatigue straaa ranges according 
to Swisa specific•tiona for steel construction. 
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logarithmic representation. 

(1} 

It will be shown that the parallel lines enable to 
consider the cumulative damage due to traffic 
stresses independently of design categories, This 
may not be true when the fatigue limit becomes im
portant since the cut-off points are not always lo
cated at the same number of cycles. 

The proposed fatigue strength categories had to 
be confirmed for typical design details and fabrica
tion procedures used in Switzerland end Europe. The 
test results CI, Jl.} show good correspondence with 
previous results and the proposed categories appear 
to give a conservative estimate for all details 
tested. 

Variable Amplitude Fat igue Strength 

Figure 3 shows actual live load stresses in thrm 
different structural elements of the riveted bridges 
shown in Figure 1, Each bridge is built up of two 
riveted plate girders of 19.5 m ( 64 ft} span length 
and of floorbeems every 2,44 m (B ft}. The stringer~ 
located under the rails end connected to the webs of 
the floorbeems support the wooden tiae. 

Figure 3, Typical live load stresses in three different structural elements end for two typee of trains. 
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The recordings show quite regular stress fluctue
tions under the passage of the passenger train, they 
are much more random under the freight train, The lo
comotives of both train types cause predominant 
stress peaks. 

The question arises ea to how to treat (statisti
cally and theoretically) such recordings in order to 
assess the cumulative fatigue damage of the stress 
fluctuationa. 

Figure 4, Comperaison of three different categorise 
of streas-tima diagrams. 
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Figure 5, Schematic representation of the rainflow 
counting method. 

STRESS a 

• 

STRESS RANGE 6a 

6 
• I\ 

I \ 
I \ 
I \ 
I \ 
I \ 5 I \ 

I \ ;. 
I \ I\ 
I \ ,· I 
I \ 

\I 

4 

TIME t 

Equivalent Stress Range 

General stress-time histories (Figure 4 c) heva 
to be correlated to constant amplitude data (Figura 
4 a). This may be done in two steps : 

1 . The first step consists in defining and 
counting the individual stress ranges DIJ 1 of a given 
stress-time history. This procedure assumes a priori 
the validity of the stress range concept, Hance, of 
the many counting methods available (_2.) only those 
can be used that adequatly define stress ranges, 
The European railroad convention (UIC : Union Inter
nationale de Chemins de fer) has proposed to apply 
the reinflow counting method C!Q) of which a graphi
cal representation is shown in Figure 5, It can be 
shown that the results of the rainflow count corres
pond well to those given by the range pair count, 
However, the rainflow method presents the advantage 
that the cut-off level for small stress cycles does 
not have to be fixed in advance. 

2. The second step relates the fatigue effect 
of the above defined atress ranges IYJ 1 to an equiva
lent constant amplitude strus range 000 C!.1.l, Baaed 
on the cumulative damage law of Palmgren-Miner and 
the fatigue strength lines according to equation 1, 
the equivalent stress range f:::/J0 becomes 

t:P. (2) 

where • is the slope of the lines without considera
tion of the fatigue limits. 

This second step had been shown to be a conser
vative approach to account for the cumulative damage 
of random stress cycles (.!.~). However, it is impor
tant to note that the assumptions for the first end 
second steps are not necessarily independent. Only 
test results can confirm.the validity of tha 
hypotheses. 

Stress History Fatigue Tests 

Stress recordings from passages of different 
types of trains were used for fatigue tests at the 
Swiss Federal Institute of Technoloqy, The test set
up of Figure 6 shows two 500 kN (110 tons) hydraulic 
jacks, two load cells, and a test beam as well as the 
electronic control panels. This closed loop system 
with a capacity of 250 litres of oil per minute 
(65 gpm) was designed and fabricated by F + W Emman, 
Switzerland. 

Figure 6, Fatigue test simulator. 
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One set of test results of cover-plated beams is 
shown in Figure 7. The number of stress cycles 
corresponds to the total number of cycles counted, 
and the equivalent stress range is calculated using 
equation 2 with m = 3. Also included are five results 
from constant amplitude tests. It can be seen that 
the tests using stress-time histories give results 
comparable to constant amplitude data. 

Figure 7. Fatigue test results of cover-plated beams 
subjected to real stress-time histories. 

However, it should be noted that a slightly 
better correlation between test results might be 
obtained using an exponent m greater than 3. Addi
tional tests on beams with gusset plates welded to 
the tension flange (13) yield similar results. More 
tests are under way to further investigate the corre
lation between actual stress histories and constant 
amplitude test data. 

Considering the many influencing parameters of 
actual traffic, it shall be assumed that equation 2 
is sufficiently accurate. The next question is there
fore, how to obtain the number of stress cycles and 
the corresponding equivalent stress ranges for every 
structural element. 

Effect of Traffic Loads 

Traffic Models 

One of the traffic models used for computer simu
lation is shown in Figure B. It is representative of 
the rolling stock and assumes a certain number of 
passenger trains, differently loaded freight trains, 
and some block trains. Up to a total number of 150 
trains per day in each direction have already been 
recorded on a double track line in Switzerland, 

The above defined traffic is used to compute the 
number of stress cycles and the equivalent stress 
ranges, This can be done for different shapes of 
influence lines, such as for a simple span bridge, 
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Figure 8. Traffic model (Swiss Federal Railroads) used for a computer analysis of tha effect of actual 
traffic on railroad bridges. 
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continuous bridge or a stringer on spring supports. 
Howeve~, ~' order to avoid computing otreeees, th• 
effect of the traffic is directly compared to the ef
fect of the UIC design live load, shown in Figure 9. 

The equivalent stress range f::/J8 end the maximum 
stress range t:IJoaz of the traffic model are compared 
in Figure 10 to the stress range due to the UIC live 
load. The corresponding number of stress cycles in 
terms of span length are shown in Figure 11, The 
following observations can be made from these two 
figures : 

1. The maximum stress range remains generally 
below 70 % of the UIC design stress range. This value 
shall be used later on when the effect of the fatigue 
limits are discussed, 

2. The equivalent stress range f::/J8 amounts to 
approximately 40 % of the UIC design stress range, 
depending only slightly on span length. 

3, The corresponding number of stress cycles, 
given as an average number of cycles per train grea
tly depends on span length, For very short spans, 
almost every axle causes a major stress cycle, then 
for spans up to 20 m (65 ft) approximately one 
cycle per car occurs, and for longer spans only 
one cycle per train is observed, It should be noted 
that all stress ranges smaller than 10 % of the UIC 
design stress range have been neglected. 

The two parameters, equivalent stress range f::/J8 

and average number of cycles per train Navr can now 
be used to assess the fatigue life of a given struc
ture. Also, their fatigue damage can be compared to 
the theoretical damage due to the UIC design stress 
range, 

Correction Factor 

The fatigue life, expressed in number of trains Nt 
for a given structural element is 

( 3 ) 

when t:IJ in equation 1 is replaced by the equivalent 
stress range t:IJ0 for the traffic model, and the cor
responding number of stress cycles per train Nav is 
accounted for. Conversely, the design stress range 
t:IJuzc can be adjusted by a correction factor~ in 
such a way that the same number of theoretical load 
applications results : 

N ( 4) 

The comparison of the right hand sides of equa
tions 3 and 4 yield the correction factor 

( 5) 

Both terme of equation 5 ( t:IJal t:IJ. 10 and Nav) have 
already been given in Figures 10 and 11. Hence, the 
correction factor can be computed, This can be done 
regardless of design categories provided the slope m 
of the fatigue strength lines (Figure 2) is the same. 

The heavy line in Figure 12 shows the resulting 
correction factor for the traffic model used. A 
strong influence of span length is apparent ; the 
values increase rapidly with decreasing span length 
{_1,!), This obviously reflects the greeter number of 

rigure ~. UIC design live lueJ (UIC 
Internetionele des Chemins de fer). 
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rigure 10. Comparison of the maximum and equivalent 
stress ranges due to the traffic model with the 
stress range due to the UIC design load, 
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figure 11. Average number of major stress cycles 
per train depending on span length. 
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stress cycles per trein for shorter spans. Similer 
curves heve been obtained for different European 
countries representing various traffic models. 

Comperison with Actuel Traffic 

Equetion 5 gives a correction factor based on a 
traffic model end on theoretical influence lines, It 
is of interest to compare these values with values 
derived from stress recordings ; a few results (j.i, 
15) are shown in Figure 12. It can be seen that the 
;;esured values for the main girder correspond well 
to the theoretical value, but the values for the 
floorbeam end stringer are substantially below the 
calculated values. This might be explained as 
follows : 

Figura 12. Correction factor applied to the UIC 
design load in order to account for the cumulative 
fatigue damage of actual service traffic. 
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1. The actual axle loads measured were general
ly smaller than those used for the traffic model, in 
particular a smeller percentage of heavy freight 
trains and trains with two locomotives ware observed. 

2. The design stre!l!I range Wu re includes an 
impact factor to account for dynamic effects. This 
impact factor is quite important for short spans, 
typically about 50 % for aspen of 5 metres (15 ft). 
However, stress recordinge showed much smeller 
impact values, 

3. The statical behaviour of bridges is gene
rally more f evoreble then assumed in structural ana
lysis due to load distribution effects end greater 
redundecy of the structural elements. 

4, The design of short elements, like floor
beems end stringers, is often based on stiffness 
because of deflection limitations. Hence, actual 
traffic stresses are quite small. 

The comparison between measured and theoretical 
reduction factors (which is not affected by the ac
tual number of train!) indicates a certain margin of 
safety. However, the few experimental results 
available to data do not enable to attribute numeri-
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cal values to this margin of safety. Studies are un
der way in different European countries to obtain 
more date. 

Fatigue Design Concept 

Based on the preceding results and conclusions, 
the following fatigue design rule is proposed : 

Category) ( 6) 

1. The left hend side (load side) considers the 
design stress range Wuio based on the static design 
live load, including impact, but adjusted by a cor
rection factor ~ (Figure 12) such as to account for 
the cumulative fatigue damage of actual traffic. 

2. The right hand side (strength side) defines 
the allowable fatigue strength Wa11 in terms of the 
total number of trains Nt in the lifetime of the 
structure, end according to the design category of 
a given detail (Figure 2). 

3, The safety factor can be adjusted to diffe
rentiate between redundant and non-redundent loed 
path structures. 

The design engineer simply uses the regular 
design live load to compute the design stress range 
at a given point in the structure. This value is 
then corrected to account for the cumulative fatigu• 
damage of actual traffic, where the correction fac
tor is defined in terms of spen length for a simple 
span element, or in terms of the influence length 
for redundant elements, The fatigue strength for the 
given structural detail is obtained in terms of the 
predicted number of trains in the lifetime of the 
structure. 

The same concept may be applied to evaluate the 
remaining fatigue life of existing bridges. A diffe
rent correction factor mey be used respectively for 
past, present and future traffic. 

Influence of the Fatigue Limit 

It is obvious that for a great daily traffic, for 
example 150 trains, and design lifetime of the 
structure, for example 100 years, the total number 
of trains becomes very large ; for the values cited 
about 5.5 million. For most design categories, this 
number is greeter then the number of cycles Nt of 
the fatigue limit. Hence, equation 6 could be re
placed by 

11. Wu ro S: f Wr (Category) (7) 

This is still too conservative, in perticuler for 
small spans, since the reduction factor is obtained 
without consideration of the fatigue limit. In fact, 
one must only assure that every stress range w1 , 

in particular the largest stress range W•ax• re
mains below the fatigue limit crr ; or enalyticelly 

( 8) 

Comparing the left hend sidea of equations 7 and 9, 
e limit for K can be defined, 
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x.. .. ( 9) 

which amounts to approximaiely 0,7 according to the 
valuaa ehown in Figure 10, 

Small Number of Treine 

The general equation 6 is valid, but the limiting 
value Kaaz hee to be adjusted 

( 10) 

Nr is egain the number of cycles et the cut-off 
point for the fatigue limit, end Nt s Nr corresponds 
to the total number of treins in the lifetime of the 
structure, It ia seen thet the numerical values of 
Kaox depend on the design category since the fatigue 
limits do not intersect the fatigue strength lines at 
the seme number of cycles Nr (Figure 2), 

Concl us i on 

The primery objective of this paper is to account for 
the fatigue effects of actual traffic on railroed 
bridges. Based on the stress range concept for the 
fatigue strength, the fatigue damage of stress-time 
histories ere related to constant amplitude test da
ta using the rainflow counting method and Miner's 
cumulative damage law, The design stress range is 
then related to the effects of actual traffic or 
traffic models by a correction factor. As a result, 
it is shown that design engineers may use the usual 
design live load and adjust tha resulting stress ran
ge by this correction factor. The only additional in
formation needed for design is the number of trains 
in the lifetime of the structure. l his number, based 
on actual or predicted traffic volumes, has to be 
fixed by the railroad administration, 
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