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Abstract

Determining the seismic performance of horizontally curved bridges is of great importance.
Analyzing and plotting the seismic capacity curve of these structures requires considerable time
and cost due to their complex dynamic behavior. Therefore, many efforts have been made to
simplify the structural models of such bridges and reduce computational demands. In this paper,
two methods are presented to transform the bridge structure into an equivalent single-degree-of-
freedom (SDOF) system at a specific control point of the original structure, in such a way that the
capacity curve of the equivalent system matches that of the original structure with minimal error.
For this purpose, three curved bridges with different radii in plan and one straight bridge were
considered. In the first proposed method, the dynamic condensation approach is used. For this
purpose, the curved bridge is first modeled in the OpenSees software, and the stiffness and mass
matrices are extracted. Then, by selecting a control point and a desired translational degree of
freedom, the stiffness and mass matrices of the original structure are condensed into an
equivalent stiffness and mass using dynamic condensation equations. This method requires the
stiffness and mass matrices of the MDOF structure to be known. For cases where the bridge
specifications are not available, the second method is proposed. In this method, only the first
mode frequency of the structure and a simple field static test at the selected control point are
required. By plotting the displacement at the control point under an applied force, the initial
stiffness is determined. Then, assuming that the frequency of the equivalent SDOF system is
equal to the first mode frequency of the main bridge, the equivalent mass is calculated. In both
methods, the obtained equivalent stiffness and mass are assigned to a single-degree-of-freedom
stick model, where the calculated mass is placed at the top of the stick, and the stick is connected
to the ground via a spring with the equivalent stiffness. The results of comparing the capacity
curve of the equivalent SDOF system with that of the original structure show that both methods
provide acceptable accuracy, although the second method is more practical and precise. By
comparing the capacity curves of single-degree-of-freedom structures and the capacity curves
resulting from the analysis of original structures, it was determined that in the second method, the
area under the bilinear capacity curve of the system is equal to the area under the bilinear
capacity curve of the original structure with an error of less than 5%. In the first method, the error
was less than 5% in the first and fourth models, and the error was less than 20% in the second
and third models. The reason for this error is that the initial stiffness estimated by the dynamic
compression method is greater than the initial stiffness of the structure. In addition, it was
determined that the capacity and strength of the structure increased with an increase in the radius
of curved bridge. Consequently, the proposed model can serve as a reliable alternative for
evaluating the seismic performance of curved bridges.
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Table 1. Results of Modal Analysis for Bridge 1 for 4 modes and
comparison with reference results

Mode w(rad/s) T(s)das T(s) px 0o
1 6.711 0.936 0.938
2 9.297 0.676 0.677
3 11526  0.545 0.545
4 13528  0.464 0.460
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Table 2. The modal participation mass ratios (%) for each mode

Mode MX(%) MY (%) MZ(%) RMX(%) RMY (%) RMZ(%)

1 44901 3.614 0.000 0.000 0.000  23.525
2 1848 72511 0.000 0.009 0.000 15.328
3 3465 3.049 0.000 0.001 0.000 0.080
4 44183 9.369 0.000 0.001 0.000 18.630

adlas 5,50 sla | gl dlsge oo @\.:.}—\" Jod=
Table 3. Results of Modal Analysis for all Bridges

R (m) Model Mode w2 T(s)

200 1 45.033 0.936

250 2 43.109 0.957

150 3 1 47.366 0.913
(e J) Solg 2 4 34.067 1.076
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Table 4. The modal participation mass ratios (%) for all Models
for first Mode

Model MX(%) MY (%) MZ(%) RMX(%) RMY(%) RMZ(%)

1 44901 3.614 0.000 0.000 0.000 23.525
2 32213 7.284 0.000 0.001 0.000 30.637
3 64133 1269 0.000 0.000 0.000 11.153
4 0.000 34.992 0.000 0.543 0.000 35.251
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Table 5. Bridge number 1 SDOF equivalent model by dynamic
condensation
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Table 6. Parameters of the one-degree-of-freedom system
equivalent to Bridge No. 1 by practical method

b Sl
N/m) K 1.5 E+08
(rad/s?) wf Jsl g0 IS5 45.033
k)M ¢+ > 3.33 E+06
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