
ME102: Subunit 3.1.4: Curved and Composite Beams 

Straight beams are ubiquitous in mechanical structures.  Curved beams are less 
commonly thought of, but are nonetheless common.  Take a look in your toolbox or 
kitchen utensil cabinet and you will likely see a number of curved implements, which 
can be analyzed using the formalism of elastic deformation theory.  Implements like 
clamps, hooks, chain links, paddle stirrers, pliers, and eggbeaters are all amenable to 
analysis with that theory.  A lot of the applications in this area relate to the questions 
“How hard is it to unbend a hook?” and “How hard is it to bend a hook more?” 

In addition to curved structures, composites made of two or more macroscopic sections 
of material are common, and require a more sophisticated analysis than can be done 
with beam theory.  A very common example is the steel-reinforced concrete beam, but 
many other common materials are also composites.  Fiberglass-polymer composites 
and plywood are just two examples.  The photographs below show a laminate wooden 
beam that is curved; it is used as the roof beam for a pole barn.  

 
Curved laminate wooden beams 

The results for deflection presented in subunit 3.1.3 are valid for initially straight beams 
with uniform and isotropic material properties in which the stress variation is linear 
across the member with a zero point at the centroid.  For curved beams, the stress 
variation is no longer linear.  The details of the mathematics for the analysis of curved 
beams and composite structures are complex.  You may choose to study them in depth 
later in your career.  Rather than delve into the derivations in this section, we will 
consider the implications of the results of such analyses for a simple example: the 
unbending of a hook.  We leave the details of the geometric manipulations required for 
these analyses to future study.  For the basis of the following calculations, you may 
refer to the resource for subunit 3.1.3: Reading: MIT OpenCourseWare: Dr. David 
Roylance’s “Beam Displacements” Notes. 
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Consider the hook shown in the figure below.  It is made of steel plate of thickness 1.0 
cm with a Young’s modulus of 200 x 109 N/m2 and a yield stress of 300 x 106 N/m2.  We 
wish to calculate the stresses in the hook if we load it with a mass of 50 kg.  

1. Calculate the loading force = 9.8 m/s2 x 50 kg = 490 N.  

2. The radius of zero stress occurs at r0 = 0.01 m/ ln(3 cm/2 cm) = 0.0246 m.  Note that 
this value is only shifted by 0.0004 m from the midpoint value of 0.025 m.  This shift 
would be much more significant if the radius of curvature were smaller. 

3. Calculate the cross-sectional area of the hook = 1.0 cm x 1.0 cm = 1.0 x 10-4 m2. 

4. The loading force contributes a direct stress of d = 490/1.0 x 10-4 m2 = 4.9 x 106 
N/m2.  

5. Calculate the bending moment at plane CD = 490 N x 0.01 m = 4.9 N m.  

6. The local bending stress caused by the load being off center in the hook is then given 
by b = 4.9 N m (0.0246 – r)/(1.0 x 10-4 m2  x 0.000337 r) = 1.454 x 108 N/m2 (0.0246 – 
r)/r. 

7. Calculate four total stresses at r = 2.0 cm, r = 2.46 cm, r = 2.5 cm, and r = 3 cm. 
These are calculated from sd – sb, and are 33 x 10 6 N/m2, 4.9 x 106 N/m2, 3.0x 106 
N/m2, and 17 x 106 N/m2 respectively.  Note that the stress is substantially higher than 
anywhere else at the inner surface of the hook; this is where the hook is most likely to 
break.  
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  Schematic of hook used in the problem above 
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