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Fig. 8 Vertical and lateral displacement response of bridge girder at mid-main span

(Railway vehicle speed = 90 km/h)

The maximum displacements and accelerations of the bridge girder versus wind
velocity are shown in Fig. 9, when the railway vehicle passes the bridge at the speed of
90 km/h, and the mean velocity of the turbulent wind is 0-40 m/s.
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Fig. 9 Maximum bridge displacements and accelerations at mid-main span versus wind
velocity (Railway vehicle speed = 90 km/h)

From this figure, the dynamic characteristics of the suspension bridge under railway
vehicle and wind loads can be summarized as follows:
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1. Wind has very great influences on the dynamic responses of the bridge; the
displacements and the accelerations of the bridge girder increase rapidly versus
wind velocity.

2. Since the main direction of the wind is lateral to the bridge, the lateral displacements
and accelerations of the bridge are more sensitive to the wind than the vertical ones.

3. For such a cable stayed bridge, the influence of railway vehicles speed on the
dynamic responses of the bridge girder is much smaller than wind velocity.

5.8. Dynamic Responses of the Railway Vehicles

5.8.1. Acceleration of the Railway Vehicles

The acceleration response of the car body is random due to random wind forces and
track irregularities and it contains a wide range of vibration frequencies. By considering
that the vehicle runs at a constant velocity of 120 km/h in crosswind, the wind is normal
to the motion of the vehicle, with a speed of 30 m/s at the level of the vehicle mass
center. The relative wind velocity VR is, therefore, 44.85 m/s and the wind yaw angle is
41.99°. The distributions of the maximum responses of the Locomotive and coach
vertical and rolling accelerations versus mean wind velocity are shown in Fig. 10. It can
be seen that the mean wind velocity in the range of 0-40 m/s affects the vehicles
responses. From this figure one also can see that wind has great influences on the
dynamic acceleration responses of the railway vehicles, and the maximum acceleration
responses of the passenger coaches are greater than those of the locomotive.

The allowable vertical accelerations in the Chinese design guideline for special
railway is 1.3 m/s®. It can be concluded that, the locomotive and coach acceleration
responses were less than the corresponding allowances for the running safety,
indicating that the running railway vehicle is safe for acceleration responses.
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Fig. 10 Maximun coach and locomotive accelerations versus wind velocity

5.8.2. Railway Vehicles Safety and Comfort Factors

The safety of a railway vehicle concerns mainly the risk of derailment. There are two
important indices currently adopted in China railways in the evaluation of the running
safety of railway vehicles under wind actions. The first index is the derailment factor
Q/P, the ratio of lateral force Q acting on the wheel-set to the total vertical force P
acting on the same wheel-set. The total vertical force is the sum of the self-weight of
the vehicle per wheel-set Ps and the dynamic vertical force Pd on the wheel-set. The
second index is the offloading factor AP/P, the ratio of the vertical force difference AP
to the total vertical force P acting on the wheel-set with AP= Ps-Pd.
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Derail factor = (27)

AP
Offloading factor = 7 (28)

The allowable derailment factor specified in the Chinese design guideline for special
railway is shown in Table 5, and the allowable offloading factor is 0.6.

Table 5 Derailment factor evaluation scales

Safety factor Excellent Good Qualified

Q/P 0.6 0.8 0.9

The ride comfort of the passenger coach in a running railway vehicle can be
assessed using the Sperling comfort index, defined as:

1/10

F(f) (29)

a3

f

The Running quality index is defined as:

W = 0.896.

3y 1/10

W = 0.896.( — (30)
(7)

Where a is the acceleration of the car body in cm/s?; f is the frequency in Hz; and F(f)
is the modification coefficient of frequency. When vertical vibration is considered

0.325f2 (f = 0.5 — 5.9 Hz)
F(f) =4400/f?> (f =59—20H2) (31)
1 (f > 26 Hz)

when lateral vibration is considered

0.8f2 (f =0.5—54Hz)
F(f) =4650/f?> (f =5.4—26Hz) (32)
1 (f > 26 Hz)

The acceleration response of the car body is random due to random wind forces and
rail irregularities, and it contains a wide range of vibration frequencies. Thus, the
Sperling comfort index is calculated for a series of frequencies based on the Fourier
spectrum of the acceleration response time history. Its mean value is then taken for the
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assessment of vehicle comfort. The allowable value of ride comfort and running quality
specified in the Chinese design guideline are 3 and 4, respectively, for both lateral and
vertical vibrations.

Figs. 11 and 12 show the derailment factor and offloading factor history curves of
the locomotive and coach, respectively. It is clear that in the when the wind velocity is
25 m/s, both the derailment curve and the offloading curve are stable. While under the
action of turbulent winds with a mean wind velocity of 40 m/s, both curves assume
some obvious frequency components of bridge natural vibration. This is especially true
when the railway vehicle moves at the mid-main span of the bridge. The amplitude of
the derailment factors and offloading factors increase greatly, thus it can be concluded
that bridge vibration has a great influence on the running safety of the railway vehicle

on the bridge.
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Fig. 12 Offloading factor time histories of the wheel-set of the locomotive

The distributions of the maximum wheel derailment factors and offloading factors of
the locomotive and the coach versus mean wind velocity are shown in Fig. 13. From
this figure one can also see that wind has great influences on the dynamic responses of
the railway vehicles, and most of the maximum safety indices of the locomotives are
greater than those of the passenger coaches.
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Fig. 13 Maximum derailment factor and offloading versus wind velocity
(Railway vehicle speed = 120 km/h)

It can be seen that the derailment factor and the offloading factor of the passenger
coach under wind forces are larger than those without wind forces. They do not exceed
the allowable values, but the derailment factor at wind velocity(40 m/s) and the
offloading factor at wind velocity (35 m/s) exceed the allowable values by (22.2% to
28.6%) and 6%, respectively. However, it is recommended that some attention be paid
to the possibility of the vehicle unsafety hazards and the risk of accidents.

The distributions of the maximum ride comfort factors and running quality factors of
the locomotive and the coach versus mean wind velocity are shown in Fig. 14. From
the figure one can also see that wind has great influences on the dynamic responses of
the railway vehicles, and most of the maximum sperling indices of the locomotives are
greater than those of the passenger coaches.

Based on the allowable value of the offloading factor, the critical wind speed should
be about 35 m/s. Note also that, even at the critical wind speed, the vertical Sperling
index is less than 2.4, indicating that the ride comfort and running quality are
satisfactory.
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Fig. 14 Maximum comfort factor and running quality factor versus wind velocity
(Railway vehicle speed = 120 km/h)

6. CONCLUSIONS

1. This study researches the dynamic interaction of the Hongyancun cable stayed
bridge with a running railway vehicle under turbulent winds using a 3-D analysis
model of a wind-vehicle-bridge coupling system. The entire time history of the
railway vehicle passing through the bridge at different speeds was simulated.

2. The vertical and lateral displacements and acceleration responses of the bridge and
the railway vehicle were slightly smaller than the allowable value, indicating that the
bridge and vehicle are safe for displacement and acceleration responses.

3. The wind has very great influences on the dynamic responses of the bridge, the
displacements and the accelerations of the bridge girder increase rapidly versus
wind velocity. Since the main direction of the wind is lateral to the bridge, the lateral
displacements and accelerations of the bridge are more sensitive to the wind than
the vertical ones. For such a cable stayed bridge, the influence of railway vehicles
speed on the dynamic responses of the bridge girder is much smaller than wind
velocity.

4. Both steady and unsteady aerodynamic forces have significant influence on the
vertical and lateral displacement responses of the moving railway vehicle; in
particular, in the lateral direction, where the lateral displacement of the car body is
very small with low wind velocity but increases significantly under wind forces. The
wind has great influences on the dynamic acceleration responses of the railway
vehicles, and the maximum acceleration responses of the passenger coaches are
greater than those of the locomotive.

5. The derailment factor and the offloading factor of the passenger coach under wind
forces are larger than those without wind forces. They do not exceed the allowable
values, but the derailment factor at wind velocity is 40 m/s and the offloading factor
at wind velocity is 35 m/s, exceeding the allowable values by (22.2% to 28.6%) and
6%, respectively. However, it is recommended that some attention be paid to the
possibility of the vehicle unsafety and the risk of accidents. The derailment factor
increases significantly as the mean wind velocity increases, whereas for the
derailment factor and offloading factor, fluctuations appear with increasing railway
vehicle speed. The comfort factor and the running quality factor for the vertical
vibration of the railway vehicle is slightly smaller than the allowable value. The wind
has great influences on the dynamic responses of the railway vehicles, and most of
the maximum sperling indices of the locomotives are greater than those of the
passenger coaches.
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