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SESI I: 

PLATES 

INTRODUCTION 

 Plates are straight, plane, two-dimensional structural components 

of which one dimension, referred to as thickness h, is much 

smaller than the other dimensions. Geometrically they are bound 

either by straight or curved lines. Like their counterparts, the 

beams, they not only serve as structural components but can also 

form complete structures such as slab bridges, for example. 

Statically plates have free, simply supported and fixed boundary 

conditions, including elastic supports and elastic restraints, or, in 

some cases, even point supports (Fig. 1). The static and dynamic 

loads carried by plates are predominantly perpendicular to the 

plate surface. These external loads are carried by internal bending 

and torsional moments and by transverse shear forces. 
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INTRODUCTION (CONT’D) 

 

Fig. 1 Various boundary conditions for plates 

INTRODUCTION (CONT’D) 

 The two-dimensional structural action of plates results in lighter 

structures and, therefore, offers economical advantages. 

Furthermore, numerous structural configurations require partial or 

even complete enclosure that can easily be accomplished by 

plates, without the use of additional covering, resulting in further 

savings in material and labor costs. Consequently, plates and 

plate-type structures have gained special importance and notably 

increased applications in recent years. A large number of 

structural components in engineering structures can be classified 

as plates. Typical examples in civil engineering structures are floor 

and foundation slabs, lock-gates, thin retaining walls, bridge decks 

and slab bridges. Fig. 2 schematically illustrates some of these 

construction industry applications. 
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INTRODUCTION (CONT’D) 

 

Fig. 2 Use of plates in construction industry 

INTRODUCTION (CONT’D) 

 In all structural analyses the engineer is forced, due to the 

complexity of any real structure, to replace the structure by a 

simplified analysis model equipped only with those important 

parameters that mostly influence its static or dynamic response to 

loads. In plate analysis such idealizations concern of; 

1. the geometry of the plate and its supports, 

2. the behavior of the material used, and 

3. the type of loads and their way of application. 
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TYPE OF PLATES 

 
in order to rationalize the plate analyses, we distinguish among 

four different plate categories with inherently different structural 

behavior and, hence, different governing differential equations. 

The four plate-types might be categorized, to some extent, using 

their ratio of thickness to governing length (h/L). Although, the 

boundaries between these individual plate types are somewhat 

fuzzy, we can attempt to subdivide plates into the following major 

categories: 

1. Stiff plates (h/L = 1/50 – 1/10 ) are thin plates with flexural 

rigidity, carrying loads two dimensionally, mostly by internal 

(bending and torsional) moments and by transverse shear, 

generally in a manner similar to beams (Fig. 3a). In 

engineering practice, plate is understood to mean stiff plate 

unless otherwise specified.. 

2. Membranes (h/L < 1/50 ) are very thin plates without flexural 

rigidity, carrying loads by axial and central shear forces (Fig. 

3b). This load-carrying action can be approximated by a 

network of stressed cables since, because of their extreme 

thinness, their moment resistance is of negligible order. 

3. Moderately thick plates (h/L = 1/10 – 1/5) are in many 

respects similar to stiff plates, with the notable exception that 

the effects of transverse shear forces on the normal stress 

components are also taken into account. 

4. Thick plates (h/L > 15) have an internal stress condition that 

resembles that of three-dimensional continua (Fig. 3d). 

TYPE OF PLATES (CONT’D) 
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INTERNAL FORCES 

 

Fig. 3 Internal forces in various types of plate elements 

INTERNAL FORCES (CONT’D) 

 

Fig. 3 (cont’d) 
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INTERNAL FORCES (CONT’D) 

 There is, however, a considerable “gray” area between stiff plates 

and membranes; namely, if we do not limit the deflections of stiff 

plates, we obtain so-called flexible plates, which carry the external 

loads by the combined action of internal moments, transverse and 

central shear forces and axial forces (Fig. 3c). Consequently, 

elastic plate theories distinguish sharply between plates having 

small and large deflections. Furthermore, since plates can have 

isotropic or orthotropic mechanical properties and can be 

composed of layered materials, these variations of plate theories 

are also considered. 

INTERNAL FORCES (CONT’D) 

 
Plate theories can also be grouped according to their stress-strain 

relationships. Linear-elastic plate theories are based on the 

assumption of a linear relationship between stress and strain 

according to the well-known Hooke’s law, whereas nonlinear 

elasticity, plasticity and viscoelasticity consider more complex 

stress-strain relationships. All these theories, with the exception of 

viscoelasticity, which treats dynamic conditions only, may be 

further subdivided into statics and dynamics of plates, depending 

on whether the external loads are of static or dynamic nature, as 

is done in the more elementary beam theories. 
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EQUATION 

 The simplifications used in the derivation of the plate equation are 

based on the following assumptions: 

1. The material is homogeneous, isotropic and linear elastic; that 

is, it follows Hooke’s law. 

2. The plate is initially flat. 

3. The middle surface of the plate remains unstrained during 

bending.  

4. The constant thickness of the plate, h, is small compared to its 

other dimensions; that is, the smallest lateral dimension of the 

plate is at least 10 times larger than its thickness. 

EQUATION (CONT’D) 

 5. The transverse deflections w(x, y) are small compared to the 

plate thickness. A maximum deflection of one-tenth of the 

thickness is considered the limit of the small-deflection theory. 

6. Slopes of the defected middle surface are small compared to 

unity. 

7. Sections taken normal to the middle surface before 

deformation remain plane and normal to the deflected middle 

surface. Consequently, shear deformations are neglected. This 

assumption represents an extension of Bernoulli’s hypothesis 

for beams to plates. 

8. The normal stress σz in the direction transverse to the plate 

surface can be neglected. 



3/16/2017 

9 

EQUATION (CONT’D) 

 For rectangular plates the use of a rectangular Cartesian 

coordinate system is most convenient (Fig. 4). The external and 

internal forces, stresses and deflection components u, v and w 

are considered positive when they point toward the positive 

direction of the coordinate axes X, Y and Z. In general engineering 

practice, positive moments produce tension in the fibers located at 

the bottom part of the pertinent section. This sign convention is 

also maintained for plates. 

EQUATION (CONT’D) 

 

Fig. 4 Rectangular plate 



3/16/2017 

10 


