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1. INTRODUCTION

I-section members are used in plate girders in a variety of structures where the upper flange is either
embedded in a reinforced concrete deck slab or connected by studs to the deck slab. The usual procedure to
analyze such members is to adopt an equivalent cross-section of the girder composed of the steel I-section
and an equivalent steel plate with thickness equal to the reinforced concrete deck slab thickness divided by n
which is defined as £,/ E; where E; and E; are the modulus of elasticity of steel and concrete, respectively.
The present code [1] recommends the use of a constant value of # = 7 in spite of the fact that the modulus of
elasticity of concrete E, depends on the strength of concrete. In this paper a proposal is presented to analyze
plate girders as I-section members with continuously distributed elastic springs. The actual value of the
modulus of elasticity of concrete will be incorporated in estimating the elastic stiffness constants of the
springs and hence, the use of the ratio n will not be necessary.

2. EQUILIBRIUM OF I-SECTION BEAM-COLUMN EMBEDDED IN ELASTIC MEDIA

Consider an I-section with single axis of symmetry, Y-axis, as Ky

shown in Fig. 1 where OX and OY are the principal centroidal -:é;éw

axes. The section is considered to be elastically restrained at Kol %5
point H from being displaced in the plane OXY. The elastic hy
stiffhess constants representing the elastic lateral support are X,
0 X

K., and K, where § and ) represent the displacements in X and ¥
directions, respectively, and 0 represents the torsional angle.
Considering the lateral external loads in X and Y directions as g,
and ¢,, respectively, and the torsional moment as m, The Y

differential equilibrium equations representing this case have Fig. 1. I-Section with elastic supports
been derived by Vlasov [2] as follows

ELE"+K, [ - (hy-a) 0] g

ELn"+K,n = g, (1)
ELA"-GJ8"+[ K, (hy-a)’ + K, ] 0 -Kc(hy-a)E =m

3. STABILITY OF BEAM-COLUMN EMBEDDED IN ELASTIC MEDIA

Consider a simply supported beam-column of length L and a cross-sectional area 4 with single axis of
symmetry, Y-axis, subject to axial compressive forces P, applied at the centroid, at both ends together with
equal and opposite external moments M,. The functions of the external loads g, , g, and m of Eq. (1) are as
follows

g- =-P&" - (a,P+M.) 6" & g =-Pn’”

@
m = - (a,P+M,)E" - (P’ - 2B,M,) 8" By = 5 JyOFeydA - a,
A

where r is the radius of gyration of the cross-section. The displacement functions satisfying the simply-
supported boundary conditions with restricted torsional rotation and free warping at both ends are as follows
E=Cisinhz ,n=Csinhz ,0=Cssinhz (hA=n/L,n=123..) 3)
where C; , C; and Cj are arbitrary constants. Differentiating Eq. (3) with respect to z and substituting,
together with Eq. (2), into the differential equilibrium equations, Eq. (1), and dividing by the common factor
(sin Az), the following homogenous equations could be obtained

Cif ELN - PN + K. ] - Cs [(a,P+M) N + K (hy- a))] = 0

Co[ELN -PN +K,]=0 4)

- Cif(@,P+M,) N + Ky (hy-a)] + Cs [ EIN + (PP-2B,M - GJ )N + Ko (hy-a,)’ + Ky ] = 0

The arbitrary constants C;, C; and Cs cannot be equal to zero. Therefore, to have a solution for Eq. (4) other
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than the trivial solution, the value of the determinant of coefficients should be equal to zero. The values of P
and M, satisfying this condition are to be the critical values for the axial compressive force and bending
moment to cause instability to the beam-column.
4. IN-PLANE INSTABILITY OF A SIMPLY SUPPORTED PLATE GIRDER
In case of a simply-supported plate girder where the upper flange is embedded in a reinforced concrete deck
slab, a proposal is presented to represent the concrete deck slab as uniformly distributed elastic springs with
elastic stiffness constants depending on the actual value of £..
The elastic spring constant representing the concrete deck slab can be obtained by equating the displacement
of a simply-supported beam of L and flexural rigidity equal to £./. with the displacement of an elastic beam
rested on uniformly distributed elastic springs of elastic stiffness constant £. The expression of £ is as follows

4 4
T lz; L % x ( flexural rigidity ) 5)
Considering the effects of different centroid positions for the concrete deck slab and the steel I-section, Eq.
(5) will be as follows

4 4

po WEL L
where e = distance between the centroid of the steel I-section and the centroid of the whole composite
section, and A = distance between the centroid of the concrete deck slab and the centroid of the whole
composite section.
The application of the proposed procedure is presented in the next section by means of a numerical example.
5. NUMERICAL EXAMPLE
Consider a simply supported plate girder of the cross-section shown in Fig. 3. Two values of the concrete
strength have been considered for comparing the results with the present code [1].

k =

4
n'E,

L4

A (h- e)’ (6)

; 3 em - Table 1. Results of the Proposed Procedure
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Fig. 3. The considered cross-section 10.0 [6003523.6 |5706342.7 [6194703.2

The critical loads for in-plane instability of the simply supported plate girder with different lengths have been
calculated based on Eq. (4) with substituting the values of the elastic stiffness constant of the spring from Eq.
(6). From Table 1 it can be shown that the results of the present code are unsafe for section (1) and
conservative for section (2).

6. SUMMARY AND CONCLUSIONS

A proposal for treating plate girder as an I-section member with uniformly distributed elastic springs of
stiffness constants representing the rigidity of the deck slab is presented. The basic differential equations for
the stability of the plate girder under in-plane loading condition is also presented. A formula for estimating
the elastic stiffness constant of the springs for in-plane instability check is derived. The concept adopted in
the present code of fixing value of » is compared with the proposed procedure and found to be either unsafe
or conservative in most cases.
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