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1. [1p] For a plane beam, define the internal forces in terms of the stresses. Explain the meaning of 
the corresponding stress resultants. 
 
2. [2p] Explain the main difference between the Bernoulli and Timoshenko beam models. For both 
beam models, write down a constitutive relation for the shear force, i.e., define the shear force in 
terms of the corresponding kinematical variables. Name all the quantities and variables. 
 
3. [1p] Explain the main principle of the force method. List the basic steps of solving a problem using 
the force method. 
 
4. [1p] In the fundamental slope-deflection equation 𝑀𝑖𝑗 = 𝑎𝑖𝑗𝜑𝑖𝑗 + 𝑏𝑖𝑗𝜑𝑗𝑖 − 𝑐𝑖𝑗𝜓𝑖𝑗 + 𝑀̅𝑖𝑗, name all 

the quantities. What is the physical meaning of coefficients 𝑎𝑖𝑗, 𝑏𝑖𝑗 and 𝑐𝑖𝑗? Briefly explain how to 

determine these coefficients. 
 
 
 
 
 
5. [5p] Given a beam of length 3𝐿 with a simple fixed support in A 
and a simple support permitting horizontal motion in B. The span AB 
has length 2𝐿. The span BC has length 𝐿. The beam is linear elastic 
with constant bending stiffness 𝐸𝐼, constant shear stiffness 𝐺𝐴𝑧, and 
constant extension stiffness 𝐸𝐴. The beam is loaded by a uniformly 
distributed load with intensity 𝑞 acting on the span AB and a 
concentrated force 𝐹 acting at the tip in C. 
 
a) Determine the support reactions. Hint: Use balance equations for that. 
 

b) Assuming that 𝐹 =
𝑞𝐿

3
, determine and draw the distributions of the bending moment, shear and 

axial forces. 
 
c) Use the principle of virtual work to determine the vertical displacement 𝑤𝐶  at the tip C. 
In the equation of virtual work, account for effects of bending moment, shear and axial forces. 
 
 
 
 
 
6. [5p] Given a rectangular frame with simple supports in A and B. A horizontal 
force 𝐹 is acting at the joint C. The beams AC, CD, and DB have length 𝐿. The 
beams are linear elastic with constant bending stiffness 𝐸𝐼. 
 
a) Use the force method to determine the internal moment in the joint C.  
Account only for effect of bending moment. 
 
b) Determine the reactions. 
 
c) Determine and draw the distributions of the bending moment, shear and 
axial forces. 



CIV-E1020 Mechanics of Beam and Frame Structures Examination 2.12.2024 

 

2/4 
 

7. [5p] Given a T-frame with fixed supports in A and B and a simple support in 
C. The beams AD, DC, and DB have length 𝐿. A uniformly distributed load with 
intensity 𝑞 is acting in the horizontal direction on the beam AD. A concentrated 
moment 𝑀𝐷 is applied at joint D in the clockwise direction as shown in the 
figure. The beams are linear elastic with constant bending stiffness 𝐸𝐼. 
 
a) Use the Slope-Deflection Method and determine the bending moment at 
fixed support A and rotation angle at node C. 
 
b) Assuming that 𝑀𝐷 = 𝑞𝐿2, determine and draw the bending moment 
distribution. Remember the sign convention for the bending moment. 
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Supporting materials: The Slope-Deflection Method. 
 

 
 
 
 
Fixed end moments for fixed member. 

 
 
 
 
Fixed end moments for member having pin support at one end. 
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Supporting materials: Product integrals for simple shapes. 
 

 














