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Table 5. Optimal reinforcement for four independent variables h 

Assumed Dimensional Element Reinforcement ratio p Objective 
b Design h No compression tension Function 

[m] Variables [m] [%] [%] [PLZL] 

hI =h3=h6=h8 0.60 1,3 0.15 0.15 
6,8 0.36 0.35 

h4=h5=hg=hlO 0.95 4,5 0.00-0.00-0.00 0.45-0.38-0.78 
9,10 0.00-0.00-0.00 0.46-0.38-0.76 

0.30 hll =h13=h14=h15 0.55 11,13 0.52 0.51 2601.3 
14,15 0.00-0.00-0.00 0.87-0.42-0.87 

2 0.15 0.15 

h2~h7=h12 0.60 7 0.15 0.15 
12 0.15 0.15 

5. CONCLUDING REMARKS 

The formulation and solution of the problem of optimal design of reinforced concrete beams and 
frames were presented in the paper. Ultimate limit state (bearing capacity) and serviceability limit 
state (cracking and deflection) were allowed for in the constraints. Geometric constraints result
ing from engineering practice were introduced, as well. Numerical examples were computed for 
a continuous beam and two frame structures. They proved practical applicability of the method. 
The proposed algorithm of optimization with the use of decomposition of design variables provided 
fast convergence. Reinforced concrete beams and frames are widely used in practice, therefore ap
plication of the theory of optimal design can facilitate the design process and diminish the cost of 
design and erection. 
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