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Evaluation of Static Behaviour of Orthotropic Steel Deck Considering the Loading Patterns
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Abstract

The deck of steel box girder bridges is composed of deck plate, longitudinal rib, and transverse ribs. The orthotropic
steel decks have high possibility to fatigue damage due to numbers of welded connection part, the heavy contact loadings,
and the increase of repeated loadings. Generally, the local stress by the repeated loadings of heavy vehicles causes the
orthotropic steel deck bridge to fatigue cracks. The increase of traffic volume and heavy vehicle loadings are promoted
the possibility of fatigue cracks. Thus, it is important to exactly evaluate the structural behavior of bridge considering the
contact loading area of heavy vehicles and real load patterns of heavy trucks which have effects on the bridge. This
study estimated the effect of contact area of design loads and real traffic vehicles through the finite element analysis
considering the real loading conditions. The finite element analysis carried out 4 cases of loading patterns in the
orthotropic steel deck bridge. Also, analysis estimated the influence of contact area of real truck loadings by the
existence of diaphragm plate. The result of finite element analysis indicated that single tire loadings of real trucks
occurred higher local stress than one of design loadings, and especially the deck plate got the most influence by the
single tire loading. It was found that the diaphragm attachment at joint part of longitudinal ribs and transverse ribs had no
effects on the improvement of structural performance against fatigue resistance in elastic analysis.

Keywords : Steel box Girder, Orthotropic steel deck, Longitudinal rib, Loading pattern, Structural detail, Fatigue crack
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Fig.1 Members of orthotropic steel deck system
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Fig. 2 Two system response according to the P—E Method
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Fig. 3 Local deformation of orthotropic steel deck
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Fig. 4 Test Setup and Specimen Dimensions
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Fig. 5 Finite element description of analysis model

(@) With diaphragms

Fig. 6 Detail of longitudinal and transverse rib joint
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Table 1 Principle stress range focused on deck plate (MPa)

Position | CASE 1 CASE 2 CASE 3 CASE 4
(mm) | Max | Min | Max | Min | Max | Min | Max | Min
0 241 | =330 | 1.57 |-2.82| 1.59 |-1.41| 0.76 |-2.09
200 | 215 |-2.28| 206 |-2.20| 1.46 |-1.26| 1.70 | -1.83
400 | 152 | -1.77| 1.55 |-1.79| 0.87 | -0.86| 1.31 |-1.53
600 | 1.15|-1.36| 1.16 |-1.37| 0.58 |-0.66| 0.97 | -1.17

Table 2 Principle stress range focused on transverse rib(MPa)

Position CASE 1 CASE 2 CASE 3 CASE 4
(mm) | Max | Min | Max | Min | Max | Min | Max | Min
0 253 | =328 | 2.23 |-2.93| 1.79 |-2.27| 1.71 | -2.53
200 3.35 | —3.10| 3.01 |-3.07| 2.31 |-1.63| 2.57 | —2.83
400 297 | =247 | 2.79 | -248| 1.82 |-1.23| 2.68 | —-2.28
600 2.25 | -1.83 | 2.18 |—-1.82| 1.25 [-0.94| 2.29 | -1.66

Table 3 Principle stress range focused on longitudinal rib(MPa)

Position | CASE 1 CASE 2 CASE 3 CASE 4

(mm) Max | Min | Max | Min | Max | Min | Max | Min

0 263 | 1.10 | 234 | 1.24 | 1.83 | 0.69 | 1.76 | 0.74

200 3.76 | 0.54 | 3.67 | 0.68 | 2.05 |-0.25| 3.16 | 0.23

400 3.27 | 0.52 | 3.24 | 0.60 | 1.70 |-0.21] 3.19 | 0.48

600 2441 030 | 242 | 0.17 | 1.25 |-0.14| 2.82 | 0.60
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Fig. 10 Principle stress range focused on deck plate
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Fig. 11 Principle stress range focused on transverse rib
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Table 4 Principle stress range focused on deck plate(MPa)

Position | CASE 1 CASE 2 CASE 3 CASE 4

(mm) Max | Min | Max | Min | Max | Min | Max | Min

0 0.66 | -1.84 | 0.52 |—-1.87| 0.66 |-0.97| 0.20 |—1.56

200 1.24 | -1.85] 1.35 |-1.97| 0.68 |-0.78| 1.39 |-1.74

400 098 | -1.66 | 1.05 |-1.73| 0.52 |-0.72| 1.00 |—1.49

600 0.73 | -1.29 | 0.77 |-1.32| 0.36 |-0.60| 0.71 |-1.13

Table 6 Principle stress range focused on longitudinal rib(MPa)

Position | CASE 1 CASE 2 CASE 3 CASE 4

(mm) Max | Min | Max | Min | Max | Min | Max | Min

0 1.60 | 0.80 | 1.32 | 0.75 | 1.14 | 045 | 0.63 | 0.27

200 2.05 | -1.15| 2.18 |-0.95| 0.98 |-1.01| 1.49 |-1.43

400 1.85 | -0.99| 1.93 |-0.89| 0.80 |=0.77| 1.16 |—1.47

600 1.34 | -0.82| 1.37 |-0.78| 0.63 [-0.49| 0.80 |—-1.29

Table 5 Principle stress range focused on transverse rib(MPa)

Position | CASE 1 CASE 2 CASE 3 CASE 4

(mm) Max | Min | Max | Min | Max | Min | Max | Min

0 3.81 | —2.80 | 3.49 |—-2.51| 251 |-1.88| 3.28 | —1.08

200 4.66 | =2.71| 418 |-2.71| 3.20 |-1.37| 3.99 |-1.33

400 419 | =2.13| 3.91 |-2.16| 2.57 |-1.03| 3.98 |—0.95

600 3.20 | -1.58 | 3.10 |-1.58| 1.77 |-0.80| 3.28 | —0.66
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Fig. 13 Principle stress range focused on deck plate
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Fig. 14 Principle stress range focused on transverse rib
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Table 7 Analysis and experimental results(MPa)

.. Analysis |Experiment| Ratio
Position of gauge ) ®) (B/A)
Loading parts(1) 111.0 109.1 0.98
Transverse Non—loadi
rib onioacing 13.7 13.2 0.96
parts(2)
o Loading parts(3) 60.4 58.1 0.96
Longitudinal Non—load:
rib on—oadng 144 14.3 0.99
parts(4)
1200
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Fig. 18 Comparisons with analysis and experiment results
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Table 8 Test results according to diaphragm existence(MPa)

Position of auge Without With Ratio
gaug Diaphragms(A) | Diaphragms (B) | (B/A)
Loading parts(1) 109.1 100.2 0.92
Transverse Non—load
rib onioacing 13.2 305 2.31
parts(2)
| Loading parts(3) 58.1 36.0 0.62
Longitudinal Non—load:
rib onloading 14.3 15.1 1.05
parts(4)
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Fig. 19 Test results according to diaphragm existence
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