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Abstract. In order to study the dynamical behavior of stiffened plates of steel box girder with
trapezoidal stiffeners, FE software ANSY S and its secondary development are used to build the model
of the gtiffened plate. The plate, transverse diaphragms and trapezoidal stiffeners are all modelled by
Shell63 Element, while the deck pavement is modelled by solid plate element with 8 nodes. Detailed
process of this new element and its computational procedure are exhibited. By giving the first 10
natural frequencies of the diffened plate corresponding to both simply supported and clamped
boundary conditions, the proposed method is compared with the fine analysis method of ANSY'S to
verify the accuracy and efficiency of this method. Some useful conclusions are drawn and these
conclusions can provide reference for the dynamic design of stiffened plates.

Introduction

With the wide use of steel box girder in long-span bridges, the mechanical behavior of their stiffened
plates have been drawing increasingly attention of researchers. Up to now, the research topic on
stiffened plates of steel box girder has been limited to static issues [1-3] but not dynamic problems
which appear more significant to some extent, since the action on stiffened plates mainly comes from
traffic dynamic loads.

There have been quantities of publications on dynamics of stiffened plates so far [4-6], however,
most of these research findings are focused on normal sections of stiffeners like the rectangular section.
Actualy, the cross-section style of a stiffener may be diverse in different cases, this assumption is
probable unreasonable and may result in huge computational errors. On the contrary, FEM is a both
accurate and efficient method which can overcome this type of defect.

In this paper, FE software ANSY S and its secondary development are used to build the model of the
common stiffened plate of steel box girder. The plate, transverse diaphragms and trapezoidal stiffeners
are al modelled by Shell63 Element, while the deck pavement is modelled by Solid Plate Element with
8 nodes. The proposed method is compared with the fine analysis method of ANSY S so asto verify the
accuracy and efficiency of thismethod. Some useful conclusionsare drawn and these conclusions can
provide reference for the dynamic design of stiffened plates.

Finite element model of steel box girder with stiffened plates

Structural description and parametric explanation. Fig. 1 shows a common steel box girder with
trapezoidal stiffened plates. In the following computation, the plate and its stiffeners are made of the
same material, and trapezoidal stiffeners are arranged along x-direction.The Nomenclature is as
follows: a and b are the lengths in x-direction and y-direction, respectively; p, E, and x are the mass
density, Young’'s modulus and Poisson ratio of the stiffened plate, respectively; t, is the thickness of
plate; hs is the depth of trapezoidal stiffeners; t; is the thicknesses of trapezoidal stiffeners; b, is the
spacing of trapezoidal stiffeners; b, isthe spacing of trapezoidal stiffeners on the top; bs is the width of
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trapezoidal stiffeners on the bottom; hy, is the depth of transverse diaphragms; tq is the thicknesses of
transverse diaphragms; a; is the spacing of transverse diaphragms.
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Fig.1 Structural diagram of tiffened plates with trapezoidal stiffeners of steel box girder

Typesof elementsfor stiffened platesand deck pavement. Based on software ANSY S, Shell63
Element is used to simulate the plate, transverse diaphragms and trapezoidal stiffeners. For deck
pavement, a Solid Plate Element with 8 nodesis composed to simulate deck pavement, shownin Fig.2.
t; isthethicknesses, and p; isthe mass density. Besides, each node has5 DOFS u, v, wand 6, 6,, which
can be used to represent the in-plane displacements A, A and the bending displacements Aygs, Aps ON
both surfaces.

Do=[u v L u vJ. (1)
Do=[w v L u v )
De=fM Gy Gy L W, Gy Guff- 3)
D =% Qs Qs L W 0y gl (4)
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Fig.2 Eight-node solid plate element

For the displacement mode of this element, both surfaces can refer to the neutral plane of plate. For
the consistent mass matrix, it can also be obtained through the similar derivation.
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Establishment of finite element model. Material and structural parameters are specified asfollows:
p=7850kg/m®, E=206GPa, 11=0.3, a=6.4m, b=4.8m, 8,=3.2m, b,=0.6m, b,=0.3m, b3=0.18m, hs=0.3m,
hs,=0.6m, t,=0.008m, t;=0.012m, t,=0.016m. The finite element model is shown in Fig.3.

Fig.3 Finite edement model of stiffened plates with trapezoidal stiffeners

Consideration of deck pavement elements. Deck pavement parameters are listed as follows:
p1=2300kg/m®, E;=1.5GPa, 1,=0.35, t,=0.06m. Application of secondary development platform for
UPFs can make program modularized [7]. For ANSY' S, users can program codes via Fortran or C
languages, and the new element can be applied after it is compiled. The detailed procedure of UPFsis
given as follows: (1) Copy the required documents to the specified working directory; (2) Open the
specified documents with Visual Fortran, and then add user program, especially the element stiffness
meatrix; (3) Compile this program and connect it to ANSY'S; (4) Activate UPFs with command line
operation, and then the solid plate element with 8 nodes will be also activate automatically.

Comparison with the fine analysis method of ANSY S

Based on the parameters of stiffened plates with trapezoidal stiffeners above, the calculated results of
the proposed method and ANSY S software are compared in Table 1.

Table 1 First 10 natural frequencies

Order of Simply supported Clamped
frequency  AnsYs F;’ncg’flz';d ANSYS F;’ncg’flz';d
1 38.54 38.65 64.86 64.93
2 81.77 81.82 84.27 84.35
3 83.02 83.13 84.56 84.62
4 83.05 83.18 87.18 87.28
5 83.86 83.98 87.74 87.86
6 85.48 85.59 93.62 93.68
7 86.62 86.68 93.86 93.89
8 86.75 86.85 97.84 97.91
9 89.81 89.94 102.69 102.71
10 91.76 91.83 102.89 102.95
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From Table 1, it can be observed that the results of the proposed method are very close to those of
ANSY S software under both smply supported and clamped boundary conditions, so thisindicates the
computation accuracy is much satisfactory when simulating deck pavement using solid plate element
with 8 nodes. Meanwhile, the total amount of computation decreases, so this means the computation
efficiency can increase.

Conclusions

This paper deals with the local dynamical behavior of steel box girder with stiffened plates on the basis
of ANSY S software. During the analysis, solid plate element with 8 nodes is introduced to simulate
deck pavement, and detailed process of this new element and its computational procedure are exhibited
in this paper. By comparison with the fine analysis method of ANSY' S through the first 10 natural
frequencies of the stiffened plate corresponding to both simply supported and clamped boundary
conditions, it shows the proposed method is not only accurate but also efficient, so this method can be
generalized to engineering application.
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