Nguyén Dinh Ngoc va Dtg Tap chi KHOA HOC & CONG NGHE 139(09): 63 - 67

ANALYSIS OF BENDING OF CORRUGATED METAL SHEET
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SUMMARY
The article presents some results of the bending of sinusoidal corrugated metal plate under the
boundary conditions 4 hinge edge by analytic methods. Sinusoidal corrugated metal plates are
converted to orthotropic flat plates based on equivalent membrane stiffness and bending stiffness.
Numerical results of deflections calculated on flat plates are compared and evaluated with the
ANSYS results.
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INTRODUCTION

Corrugated plates are found in all branches of engineering practise. The corrugations reinforce
the plates and improve their strength to weight ratio. Because of these superiorities, corrugated
plates are popular in decking, roofing and sandwich plate core structures.

Corrugated plates of wave form made of isotropic materials were considered as flat orthotropic
plates with corresponding orthotropic constants determined by the Syedel’s technique [3]. This
approach was presented in [1-2]. In these papers, the authors converted corrugated plate into
equivalent flat plates by means of only bending stiffhess but without membrane stiffness.

The purpose of the present paper is to calculate deflections of corrugated plates on its model
equivalent orthotropic plate including both equivalent membrane stiffness and bending stiffness.
These equivalent stiffness bases on Briassouli’s technique [4].

SINUSOIDAL CORRUGATED PLATE AND ITS EQUIVALENT FLAT PLATE

Consider a rectangular symmetrical corrugated plate in the form of a sine wave (Fig.1). The plate
is subjected to uniform contribution load in the z direction. Suppose the portion of cross-section
line of the corrugated plate in the plane (x, z) has the form of a sine wave.
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Fig.1. Sinusoidal corrugated plate and its equivalent plate
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Linear strain-displacement relationships for a
such corrugated plate based on [5] are:
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Where u, v, and w denote displacement of a
point along X, y and z directions respectively, &,
gy, Yxy are strains; k is the curvature of the
portion line in (X, z) plane, which is defined as:
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From the stress — strain relationships, after
integrating through the thickness of the plate
we obtain the expressions for stress resultants:

N, = A*n"c'x + A*lz'gy M, = D*ll'kx + D*lz'ky
Ny = A*12'8x - A*zz-gy My = D*lz'kx + D*22'ky (2)
ny = A*66'ny Mxy = D*6 k

6 xy
Where: Aij*, Ajj coefficients of membrane
stiffness of a corrugated plate.

Dy, Dy coefficients of bending
stiffness of a corrugated plate
Based on Briassouli’s technique [4],
corrugated plates are converted to flat plates
by using stiffness which is described by
flowing coefficients:
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According to [5], the static equations of a plate are the form:
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Substituting (1), 2 into (3) we get a set of static equations of a corrugated plate in terms of
displacements.
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These equations are used to study static and dynamic states of corrugated plates in the form of
sine wave.

BENDING PROBLEM

Boundary condition

Consider a simply supported rectangular corrugated plate in the form of sine wave, the boundary
condition are:

w=0,v=0,M,=0, U#0 at x=0,x=a

w=0,u=0,M,=0, V0 aty=0,y=b

Bending problem

The displacement field satisfying boundary conditions can be chosen as follows :
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Where m, n are natural numbers representing the number of half waves in the x and y directions,
respectively.
Applying the Galerkin — Bubnov procedure, we obtain a set of algebraic equations in matrix form
as follows:

nll n12 nl3 Umn 0
ny, N, Ny an = 0 (6)
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Where:
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RESULTS AND DISCUSSION

A simply supported sinusoidally corrugated plate (Fig. 2) that is subjected to a uniformly
distributed load of 100 Pa is considered. The dimensions of the plate are:

H = 10mm, £ = 100 mm, thickness h = 18 mm, E = 30 GPa, pu=0.3, p=7380 kg/m?, contribution
load p = 100Pa, a = b = 1800mm and 9 corrugations.

Fig. 2. Model of metal corrugated sheet

The results of deflections of corrugated plates calculated by analytic method are compared with
the ANSYS results. The deflections along the center line of x axis (y=0.9m) and of y axis
(x=0.9m) of the plate are calculated and compared with the ANSY'S results, as is shown in table 1
and 2.
Table 1. Deflections along the center line (y=0.9m) of a simply supported sinusoidal corrugated plate.
Error relative to

Calculated points ANSYS (mm) Present results (mm) ANSYS results (%)
(0.9,0.2) 0.069 0.068 1.45
(0.9,0.4) 0.128 0.127 0.78
(0.9,0.9 0.191 0.190 0.52

Table 2. Deflections along the center line (x=0.9m) of a simply supported sinusoidal corrugated plate.

Error relative to

Calculated points ANSYS (mm) Present results (mm) ANSYS results (%)
(0.2,0.9) 0.072 0.073 1.39
(0.4,0.9) 0.131 0.133 1.53
(0.9,0.9) 0.192 0.193 0.52
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CONCLUSION DEFLECTION

According to Briassouli’s technique [3], the
paper presents analytic method to calculate
the deflections of the plate. Equivalent
expressions of stiffness are applied to analysis
bending of corrugated metal plates. The
results obtained by analytic method and the
ANSYS results are identical and the errors are
small, this confirms the believe of equivalent
flat plates.

This approach can be used to analysis of
stability problems, impact for sinusoidally
corrugated plate and  trapezoidally
corrugated plate.
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PHAN TICH UON TAM KIM LOAI LUQN SONG

Nguyén Pinh Ngoc', Nguyén Thi Hué

Truong Dai hoc Ky thudt Cong nghiép — PH Thai Nguyén

Béo cdo trinh bay mjt s6 két qua tinh uén theo phuwong phap giai tich cua tim kim loai luon séng
hinh sin chiu diéu kién bién ban 1& 4 canh. TAm lugn séng hinh sin dugc quy dbi vé tdm phing
tuong duong thong qua quy ddi d6 climg mang va do clng ubn. Két qua sb cua do vong tinh trén
tam phang tuong duong dugc so sanh va danh gia voi két qua tinh theo ANSYS.
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