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(5)ABSTRACT 


At present, most of the structural shape optimization problems are solved 
 by gradient or gradientless methods. In gradient-based methods of structural 
 shape optimization, derivatives of structural responses such as stresses and 
 displacements, also called sensitivities, are required. Calculating sensitivity by 
 finite difference method is computationally expensive when the total numbers of 
 design variables are large. Application of analytical methods for sensitivity 
 calculations are computationally more efficient, but considerable coding is 
 required by the experts in this field to implement them. On the other hand 
 gradientless methods, also called zero order methods, though simple in use, take 
 a lot of time to converge. These difficulties of gradient and gradientless methods 
 motivated the current work of study on improving the efficiencies of zero order 
 methods using artificial neural network. Applications of the proposed technique 
 for shape optimization of various concrete structures considering realistic 
 modeling and creep effects are the main aim of this study. The thesis attempts to 
 address the following objectives, which have not received the serious attentions. 


1. Gradientless shape optimization of two dimensional structures using 
 artificial neural networks. 


Structural shape optimization by gradientless methods and small move 
 limits, take large number of iterations to reach the optimum profile. If, to speed up 
 the optimization process, large move limits are adapted, mesh distortion or 
 undesirable shape does result. To overcome these difficulties, in this study, 
 artificial neural networks are used for shape prediction. This is carried out in two 
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(6)phase. In phase one, a new proposed integrated zero order approach with small 
 move limits has been used. Stresses on the design nodes are distributed using 
 fuzzy triangular membership function, which is used for move as well as 
 convergence criteria. In the second phase, artificial neural networks, based on 
 the results of integrated zero order method, are trained and used to predict the 
 optimum shape. Four examples have been solved using this approach. It is 
 demonstrated that proposed approach curtails the computational time, in 
 comparison to zero order method, to large extent. 


2. Finite element analysis of prestressed concrete structure using B-spline 
 curves. 


Prestressing cable layout plays very vital role in the stress distribution in 
 prestressed concrete structures. In present study cable profile has been modeled 
 as B-spline curve. Because of various inherent properties of the B-spline curve, it 
 can represent the true cable profile even in several span continuous structures. 


Effects of the friction loss and cable stiffness have been also considered in the 
 analysis. This formulation has been implemented in two and three dimensional 
 finite element software. Four two dimensional and two three dimensional 
 examples have been solved. It is demonstrated that idealized parabolic 
 assumption of the prestressing cable predicts lesser tensile stresses than the 
 true profile. It is also verified that friction and cable stiffness can change the 
 stresses and displacements considerably. Present approach is found to be very 
 suitable in modeling several cables in one or both directions. It is proved by two 
 way prestressed slab example. 
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(7)3.  Shape optimization of prestressed concrete structures 


Shape optimization of prestressed concrete structures against tension 
 failure can be carried out in two ways . In the first method, optimal cable layout is 
 worked out in order to relieve the concrete from tensile stresses. For this, in this 
 study, convex hull property of the B-spline is utilized. A generalized iterative 
 procedure has been developed to find the final desired profile from the initial 
 straight profile. Optimal cable force is also worked out in the iterative manner. 


Using this approach three examples have been solved. It is demonstrated that 
 proposed technique is very suitable even in continuous structures. It can take 
 into account complex loading and geometrical conditions without any loss. The 
 second method used in this study is pure shape optimization technique. The 
 gradient less shape optimization method as mentioned above is used in this 
 study, To enhance the converge, artificial neural networks have been used. 


Three examples have been solved using this technique. It is demonstrated that 
 considerable saving of the concrete can be achieved without violating the 
 strength criterion. It is also observed that shape optimization enhances the 
 aesthetic view of prestressed concrete structures. 


4.  Shape optimization of prestressed concrete structures under creep 
 conditions 


Concrete. continues to deform due to creep. The time dependent 
 deformation of concrete structures should be controlled in order to avoid 
 serviceability criterion violation. In present study pseudo load approach, based 
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(8)on ACI creep formula, has been used to obtain time dependent deformations. 


The validity of this formulation is verified by solving a problem of known results. 


Using this creep formulation, an iterative technique has been developed to obtain 
 optimal cable layout for creep conditions. To enhance the convergence, artificial 
 neural network based GSN technique has been adopted for shape optimization. 


Three examples have been solved by this procedure. It is demonstrated that the 
 cable profile optimization using the proposed approach is very effective in creep 
 control of all three problems. Application of artificial neural networks curtail the 
 computational time upto 40%. 


5. Shape optimization of concrete gravity dams under creep conditions 


Concrete gravity dams are massive and costly civil engineering structures 
 hence safety of these are very important. In present study down stream profiles 
 of dams are shape optimized for given long term deformation. Pseudo load 
 approach and artificial neural network based zero order approach are used for 
 creep analysis and shape optimization respectively. Fifteen dam cross sections 
 are optimized using this technique. It is demonstrated that the proposed 
 technique takes quite less time in comparison to zero order method. Outputs of 
 fifteen dams are used in training an artificial neural network for shape prediction 
 of unknown dam profiles. Shape predictions of five unknown dam cross sections, 
 by the network, are very close to the true shapes. This may be helpful in quick 
 prediction of approximate optimum shape. 
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