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ABSTRACT: Folded plate structure is a dimensional one which is composed of a plurality of the
strip plate. It is not only a bearing but also can support, material-saving and larger stiffness of
thin-walled structure. It can be used as workshops, warehouses, stations, shops, schools, dwellings,
pavilions, stadiums and the roves of other industrial and civil stories. The present buildings in the
most of folded plate structure use folded plate roof of V shaped. The shape of it is so simple that
affects the promotion of applied scope. This paper advances a hip-truncated combined parabolic
cylinder roof structure that has good mechanical characteristic and beautiful appearance. The
surface equation of a simply-supported hip-truncated combined parabolic cylinder roof is
established by means of inclined coordinates and the step function. Then, the deflection and internal
forces formulae of forced vibration of a simply-supported hip-truncated combined parabolic
cylinder roof are derived from the theory of shallow shell vibration and variation method. The
combined parabolic cylinder roof can also be solved by this method. Therefore two kinds of the
questions of combined parabolic cylinder roof can be dealt using the method presented in the paper.

With the development of architectural technology, the format of architectural structure become
newer and newer. The research of folded plate structure is attracted by many people. In recent years,
there are so many researches about structural questions which belong to plate, cylindrical shell and
spherical shell [1-3]. The researches of combined folded plate structure are paid close attention to
people. RICKS[4] and CRISFIELD[5] present a method to solve the curving question of folded
plate structure by iteration. LAI [6-8] presents some folded plate structures such as hip-truncated
four-sloped folded plate roof, combined parabolic cylinder roof and folding V shaped folded plate
roof and researches its internal forces, deflection and nonlinear characteristic by the nonlinear
curving theory of shell.

Hip-truncated combined parabolic roof (Fig.1) and combined parabolic roof (Fig.2) can be seen
in the real engineering, such as large-scale stadiums, auditoriums etc. But the dissertation of
vibrated question in the aspect of shelled structure has not appeared yet. Based on Ref. [7], this
paper presents combined parabolic roof and demonstrates the series solution of forced vibration.

THE CURVED SURFACE EQUATION AND THE SHALLOW SHELL BENDING
DIFFERENTIAL EQUATION

The curved surface equation
The hip-truncated combined parabolic cylinder roof consists of plane A` B` C` D`, curved

surfaces AA`D`D, BB`C`C, A`BA`B` and C`D`CD. AA`D`D and BB`C`C are part of parabolic
cylinder that parallels to the x axis, while A`BA`B` and C`D`CD part of parabolic cylinder that
parallels to the y axis. In order to establish the surface equation of hip-truncated combined parabolic
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cylinder roof, the present study not only creates a global coordinate system, but also an oblique
coordinate system (Fig.2), from which we can get the transformational relation between rectangular
coordinate Oxy and oblique coordinate OXY.
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Fig.1 The hip-truncated combined parabolic cylinder roof

Fig.2 The vertical view of hip-truncated combined parabolic cylinder roof
Considering its symmetrical characteristics, a surface equation of the shallow shell in the first

quadrant as follows:
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The shallow shell bending differential equation
With the help of derivative method for compound function and equation (1), we can get the

degree of curve and torsion of the hip-truncated combined parabolic cylinder roof as follows:
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When f/2b<=1/5，shallow shell theory can be applied to this question, and the differential
equation of variable camber shell is:
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Q0 ,h and E in the equation refer to vertical uniformly distributed load, shell thickness and

modulus of elasticity respectively. )1(12/ 23 µ−= EhD .

THE SERIES SOLUTION OF VIBRATED RESPONSE

For the four simply supported, we may suppose the progressive solution which meets the
boundary condition as:
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Substitute the equation(3),(4),(5),(7) into equation (6) and change non-dual cosine series item
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into Dual cosine series, In series expansion, function δ and the following properties of its
derivatives are applied[10].
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Where xk is root of equation Φ(x)=0. Then through coefficient comparison, we can get:
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Respectively, take i,j=1,2,3,….. k, with equation (5) forms a 2×K×K order linear equation

system. Solve it, we get the value of Amn and Bmn，substitute into equation (4)，displacement and
stress function, and then in this way, The Internal Forces and deflection of a hip-truncated
combined parabolic cylinder roof an be figured out.

When the interfering force changes in the way of the non simple harmonic periodic function, we
can expand the interfering force into Fourier series. Then calculates each response and overlies
them in the way that this paper advances. When we calculate the frequency of free vibration, take
q0=0，Qr=0 (r =1,2,…,M) into equation (5), let coefficient determinant equal 0 and acquire
frequency equation of a hip-truncated combined parabolic roof. Finally we can solve the frequency
of free vibration. When we calculate the Internal forces and deflection in the condition of

symmetrical load Qr acting on random position, take 0=ω into equation (5). When ao=bo= 0 , the

hip-truncated combined parabolic cylinder roof which is demonstrated in Fig.1 becomes combined
parabolic cylinder roof. It can achieve the frequency equations of combined parabolic cylinder roof
in the condition of free vibration and the solution of statics question in the condition of symmetrical
load and concentrated force. Up to six aspects of problems that include forced vibration, free
vibration and static question etc. can be dealt using the method presented in the paper.

DEMONSTRATIVE EXAMPLE

Suppose there is a four-edged simply-supported hip-truncated combined parabolic roof,

,05.0,94.0,3.1,5.3 0000 mhmbamfmba ====== load 2/200cos5.2)( mKNttq = , the modulus

of elasticity 27 /103 mKNE ×= , the density
23 /105.2 mkg×=ρ . Apply the method in this article,

we can get the displacement as shown in the section of Fig. 3 and surface stresses xσ 、 yσ as
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shown in Fig .4~6(full line). Suppose 0=ω , 2/5.2)( mKNtq = apply the method in this article,

we can calculate the displacement as shown in the section of Fig. 3 and surface stresses xσ 、 yσ as

shown in Fig .4~6(dotted line) in the condition of static acting force.

Fig.3 The sectional position of roof

Fig.4 I-I sectional and II-II sectional displacement

Fig.5 I-I sectional stress σx and σy
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Fig.6 II-II sectional stress σx and σy

According to calculation, we can find that the displacement in the condition of vibration is much
larger than the one in the condition of static force. The maximal displacement in the condition of
vibration appears in the position of I-I sectional. The coordinate is（0，2.4 m）and the numerical
value is－1.824mm; The maximal stress appears in the position of I-I sectional. The coordinate is

（0，2.8 m）and the numerical value is 43.2−=yσ MPa. It is obvious that the maximal

displacement and the maximal stress appears in the position of I-I sectional. Therefore we can
strengthen the stability in the position of I-I sectional.

CONCLUSION

This paper presents a good mechanical performance, the appearance of beautiful a hip-truncated
combined parabolic cylinder roof structure，The surface equation of a simply-supported
hip-truncated combined parabolic cylinder roof is established by means of inclined coordinates and
the step function. Then, the deflection and internal forces formulae of forced vibration of a
simply-supported hip-truncated combined parabolic cylinder roof are derived from the theory of
shallow shell vibration and variation method. The combined parabolic cylinder roof can also be
solved by this method. It can be applied in the initial design and many-sided comparative.
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