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This paper presents some recent research on rairidye dynamics with applica-
tion to buried flexible structures. Based on a coration of simulations and full-scale
testing, current research indicates that a ratberpcehensive numerical model is re-
quired to accurately describe the response frorsipg#rains.
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1. INTRODUCTION

For railway lines with a design speed over 200 knd§mamic analyses of
railway bridges are required, in order to assureraperability with future high-
speed trains. A set of dynamic design criteriastipulated in the Eurocode EN
1990, where the vertical deck acceleration usuallpe most important. These
criteria are however intended for conventional sk beam like structures and
are not directly applicable buried flexible ste&lustures (hereafter denoted
SSCB for soil-steel composite bridges). Hence glage today no regulations or
guidelines regarding the dynamic behaviour of S$&migh-speed railways.

The dynamic response highly depends on the pregeofi the soil, provid-
ing both interaction and load distribution with tberrugated steel profile. Fur-
ther, wave propagation in the soil may potentiaflgult in excessive vibrations
of the track at higher train speeds, especiallysfoaller height of cover. There
is currently no experience of SSCB for high-spesbtivays and it is therefore
difficult to determine under which conditions theyy exceed the serviceability
criterions in EN 1990.

In this paper, results from full-scale testing $2d when calibrating both 2D
and 3D FE-models of a SSCB for high-speed trains.
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2. FULL-SCALE TESTS

The full-scale testing was performed in May 201@ avas reported in
Andersson et al. (2012). The bridge is locatedvie@&n, about 40 km North of
Stockholm, along the express line between Arlanipoft and Stockholm Cen-
tral Station. A view of the bridge during passafe digh-speed commuter train
is shown in Figure 1. The allowable speed is 17(hkamd is operated by mixed
train traffic. In the following simulations, theswts are compared to a single
passage with commuter train X52 on track Ul. Detaflthe train is shown in
Figure 2.
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Figure 2. Detail of commuter train X52, axle loatbkN

The closed elliptic steel culvert has a horizodiameter of 3.75 m, vertical
diameter of 4.15 m and a length of 27.9 m acrosswlo-track railway. The fill
height at the crown is 1.7 m.

The instrumentation is presented in Figure 3, cbimg of displacement
transducers d1 and d2 (LVDT) at the crown, acceheters al-a6 mounted both
on the steel culvert and in the ballast, and stgainges el-e12 on the inner side
of the steel culvert.



A soil-steel bridge under high-spedabivays 47

3,a4,a5
3.0 A B8
11.45 Ul 7% us N1k 11.95

T 3 rail top T
% W T LM‘ o 1.90
e5,e6 g

(e%*eé) 9,010 ellel2 ‘ 2.08
e7.e

el,e2. a6
5
1.05]1.05 ‘

L{>A [m]

of the steel profile

3. SSIMULATIONS

Models to predict the dynamic response of the lerilgs previously been
developed by Mellat (2012) and Mellat et al. (2Q®mprising both 2D and 3D
approaches. A parametric study of similar bridgesigt a 2D-approach was
performed by Woll (2014). Additional studies wasrfpamed by Aagah &
Aryannejad (2014).

A 2D FE-model of the bridge is illustrated in Figu, using similar ap-
proach as the authors mentioned above. The stivelrtis modelled with Euler-
Bernoulli beam elements with cross-sectional priopeibased on the corruga-
tion in Figure 3. The soil and ballast materialvadl as the sleepers are mod-
elled with 4-noded plane stress elements. The Wad is modelled with Eu-
ler-Bernoulli beam elements and connects to easdpst with rigid links. The
beam elements of the culvert is rigidly connectethe adjacent soil. So-called
silent boundaries are facilitated, to mitigateeefing waves in the soil. This is
accompliched by assigning higher material dampifige total length of the
model is 60 m. The main uncertainties in the 2D ehadle the E-modulus of the
soil and effective width of the soil and the cutvéfo better estimate the real
load distribution, a 3D-model is created by extagdhe 2D-model in the trans-
verse direction, see Figure 5. In the 3D-model sitiband the sleepers are mod-
elled with 8-noded solid elements and the culvétt w-noded orthotropic shell
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elements. In both models, the E-moduls of theisassumed constant, i.e. the
depth dependent increase in stiffness is neglected.

The X52 train is modelled as vertical point loadstbe rail, traversing the
bridge in a dynamic analysis with direct time imgn. The 3D-model is cali-
brated against the experimental data by adjustiagstmodulus of the soil. The
best fit is found forEg,; = 120 MPa. The same E-modulus is used in the 2D-
model, but the effective width is instead calibdate fit the experiments. Both
models are calibrated by manual parameter updaftiegising primary on the
vertical crown displacement. In the 2D-model, tifeative width is 2.5 m for
the sleepers and 3.0 m for the ballast. A constfiattive width for the whole
soil was used, best fit with the experimental resswhs found for 16 m width of
the soil.
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Figure 4. Detail of the 2D FE-model

Figure 5. Slice of the 3D FE-model (half of the qbate model)
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The vertical crown displacement d1 of the culvertier track Ul is shown
in Figure 6. A fairly good match is found using ibdhe 2D and 3D models,
given the level of approximations regarding the. soi
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Figure 6. Vertical crown displacement d1, X52-trairl70 km/h

In dynamic analysis of bridges with ballasted tsafik high-speed railways,
the vertical deck acceleration is usually limited3t5 m/é. This is an indirect
measure of the risk of ballast instability, fronb lexperiments found to occur at
about 7 m/S For SSCB, it is assumed better to study the aczibn in the
track rather than the steel culvert. The accelmmatt point a3 located on
a sleeper at bridge midspan is presented in Figufegood match is found be-
tween the experiments and the models. It shoulddbed however, that the re-
sponse from the short train at the current speedaisly govered by transient
response of each axle and is not at resonance.
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Figure 7. Vertical sleeper acceleration a3, X5te 170 km/h

The radial stress in the steel culvert is measateobth the bottom of the
corrugation (odd numbers el to ell) and the tdpetorrugations (even num-
bers e2 to e12). The results along the centreofiteck U1 is shown in Figure 8
to Figure 10. Negative stress corresponds to casame The stresses are over-
estimated at the abutment using both the 2D andh8Bels. A somewhat better
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match is found at the haunch, especially at pdntA¢ the crown, the stress at
point e5 is influenced by bending moment whichather well described with
the 3D model but not the 2D model.
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Figure 8. Stresses at the abutment, X52-train @kirvh
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Figure 10. Stresses at the crown, X52-train atktih
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The influence of load distribution in the transwedirection can be studied
using sensor €9 to el2. A comparision between xpergnents and the 3D-
model is presented in Figure 11. A good match isébfor most of the posi-
tions, indicating that the 3D model is able to aately represent the stresses in
the steel culvert.
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Figure 11. Stresses at point 9-12, X52-train atkiwh

As a theoretical study, the peak acceleration lsut@ed using the 2D-
model and the train load model HSLM-A according=td 1991-2. The results
are shown in Figure 12. No clear resonance is o&thibut rather a slight in-
crease in response with increased speed. The mspoBignificantly higher at
point a3 on the sleeper compared to al at the caofvtime culvert. Point a4 and
a5 located 20 m before and after the bridge, slomhs marginally lower values
compared to a3.

4. CONCLUSIONS

Based on the results in this paper, the followsgancluded for the studies
bridge:
— Based on a 3D FE-model, an E-modulus of 120 MP#soil is found
to give the best match compared to experimentspaisaing train;
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— Using the same E-modulus in a 2D FE-model, an efeevidth of 16 m
is required, which is significantly larger than gicted by a 2:1 load dis-
tribution approach;

— The stresses in the steel corrugation is gene@ilyand mainly in com-
pression. A reasonably acceptable match is foumdyusoth the 2D and
3D models, although both over- and underestimatmaobtained,

— Good match in track acceleration is found, althougtinly govered by
impact loading. Simulations of high-speed trainednot reveal any res-
onance-like behavior.

Future research regarding the dynamic responses@BSshould focus on
a combination of experimental testing, preferalding controlled excitation, in
combination with model updating. Other bridge cgufations, e.g. with longer
spans and shallow fill depth should be studied.
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Figure 12. Envelope of peak acceleration from tragdel HSLM-A, 2D-model
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