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Longitudinal Young’s Modulus E, 23 GPa
Transverse Young’s Modulus E, = E,, 8.5 GPa
Shear Modulus G,, = G,, 3 GPa
Transverse Shear Modulus G, = G,, 3.455 GPa
Longitudinal Poisson’s ratio vy, 0.23
Transverse Poisson’s ratio v,, = v,,, 0.09

Density p 1600-1800kg/m®

Table 1. Mechanical properties of FRP profiles
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Experiments

Finite Element

Euler-Bernoulli Theory Timoshenko Theory

Mode First  Second Third First  Second Third First  Second  Third First ~ Second  Third
| Umax) 24414 91552 195.312 23.042 88.240 197.13 23.744 95.026 213.870 23.463 90.153 191.024
I (Jmin) 7.020 - - 6.845 27.237 60.716 6.208 24.845 55917 6.191 24.404 53.645
Q 35.095 106.048 225.067. 34.926 129.77 246.88 36.442 145.845 328.243 35.738 134.651 278.222
C(Jmn) 14490 66.375 130.462 13.955 54.887 119.99 13.585 54.368 122.362 13.573 53.792 119.241
H(mx)  16.479 67.138 - 17.98 65.490 126.01 18.292 73.206 164.76 17.862 66.594 135.863

Table 2. Free vibration frequencies in experiments [29], FE model, and theoretical results of the MLB method
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[28] Aalesl 5 bl (Solus anis lagaly aslio ¥ J g
(7/16 L) bl 53 Jade w93 LS

Speed (m/s) Experiment (mm)  Theory (mm)
0.85 0.747 0.741
1.14 0.756 0.748
1.29 0.736 0.757
144 0.770 0.747
1.59 0.739 0.765
1.76 0.712 0.764
1.92 0.743 0.757
211 0.787 0.779

Table 3. Comparison of theoretical and experimental [28]
maximum deflection at the point (7/16 L)
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Fig. 3 Geometrical characteristics of FRP profiles in the

experiments [29]
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CM 3205 [33]
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Table 4 Mechanical properties of the components of FRP deck [33, 34]
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type flanges Orientation  (kg/m) (MN.m?)
Concrete - - 3437.4 5.8915
FRP1  Glass-Epoxy 0°,90° 20338 5.8786
FRP2  Graphite-Epoxy 0°,90° 1986.3  6.0226
FRP3  Glass-Epoxy 0°,90° 17768 4.9131
FRP4  Graphite-Epoxy 0°,90° 17295 6.0691

Table 5. layup, mass per length and bending stiffness of decks
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10 455 2.725 5.000 1.834 ., 625 2.645 5.322 2.012
Q¢ 20 440 5.450 10.653 1954 & 605 5.291 11.945 2.258
3 @ 30 435 8.175 16.642 2.072 T 590 7.936 19.844 2.501
= T 40 430 10.90 23.923 2194 2 585 10.582 28.460 2.689
50 425 13.625 31587 2322 *© 580 13.227 37.379 2.826

Table. 6. CIS and DAF of steel-concrete and steel-FRP4 bridges
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Abstract

Given the key importance of the bridges in transportation system lifelines and due to their high initial cost,
there is a constant need for the study and monitoring of such structures. The FRP composites, due to their
special characteristics including high specific modulus, high specific strength, corrosion resistance, low mass
density, and modular construction, can be a good alternative for common bridge deck systems. Too much
effort is devoted to implement FRP materials as a whole or in part in bridge construction. There have been
several different methods of using FRP materials in bridges, including FRP stay-in-place forms for concrete
decks and whole FRP bridge decks.

Bridges constantly bear moving mass loads while due to technological progress the moving speeds are
approaching higher and higher thresholds, so in this study, effects of moving mass on the dynamic response
of steel-FRP and steel-concrete bridges are studied and compared. The deck and moving mass inertia
substantially affect the dynamic response of the bridge system.

To compare the effect of moving mass on both bridge types, at first, the multi layered beam method (MLB)
for determining the FRP beam characteristics is reviewed and its applicability on determining the mechanical
properties of laminated beams is investigated through comparison of this method results with numerical and
experimental data. It is shown that by using the MLB method very good estimates of the mechanical
properties of FRP composite can be achieved.

Consequently, the problem of moving mass and its governing differential equations is reviewed and the
numerical procedure for solving the set of governing PDEs of the moving mass problem is verified against
experimental data. Comparing the theoretical results with the experimental data reveals that the presented
methodology correctly estimates the dynamic response of beams subjected to moving masses.

After setting up the theoretical framework for the moving mass problem on steel-FRP bridges, the effect of
moving mass loading on the dynamic response of steel-FRP and steel-concrete bridge systems is investigated.
The results indicate that the mass per length and the stiffness of the deck significantly affect the response of
the bridge subjected to moving mass. These effects are captured through two different main parameters
which characterize the dynamic behavior of beams subjected to moving masses. The first parameter is the
Critical Influential Speed (CIS) at which the maximum deflection of deck at certain location happens. The
calculated CIS through the aforementioned methodology indicate that the CIS for steel-FRP system is
significantly higher than steel-concrete system.

The second important parameter which is determined is the Dynamic Amplification Factor (DAF) which is
defined as the ratio of maximum dynamics deflection at the midspan of the beam to its static value. The
corresponding results of the DAF indicate that the steel-FRP bridges are less influenced by the moving
masses than steel-concrete bridges of the same stiffness. It is shown that the values of DAF are lower in the
case of steel-FRP bridge. It can be concluded that this will result in lower vibration amplitudes, which will
contribute to higher fatigue life of the bridge system. Regarding these results, this system can be advised in
the cases of high and ordinary speed transportation.

Keywords: FRP composites, Bridge deck, Moving mass, Critical Influential Speed (CIS), Dynamic
Amplification Factor (DAF)
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