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ABSTRACT


        This study investigates the effect of tensile lap splices on the behavior of reinforced reactive powder concrete (RPC) beams subjected to repeated loading. The main parameters that were studied are: repeated loading regime depending on the minimum to maximum load ratio of applied load (0%, 27% and 20) , lap splice length ( 20db, 30db and 40db) , steel fiber volumetric ratio (2%, 1.75% and 1.5%), diameter of tension spliced steel bars (12mm, 16mm and 20mm), concrete cover ( 30mm, 35mm and 40mm) and adding steel stirrups within the lap splice region. The study of these parameters was covered by two parts: these are the experimental and analytical parts. Due to lack of information on the lap splice in RPC structural members by both researches and codes requirements, 20 times the bar diameter was chosen as the minimum lap splice length, and this length was supposed to be inadequate lap splice length when the beam will be subjected to repeated loading. 


The experimental part included casting and testing thirteen RPC beams with dimensions of (180× 180 ×2100)mm whose tension steel bars were spliced at mid-span and one RPC beam without lap splice.  These beams were simply supported and tested up to failure under the action of two point repeated loads, except two reference beams which were tested under monotonic load. The mid span deflection, cracks propagation, steel strains and concrete strains were recorded for each beam throughout the test and the ductility ratio was computed according to these recorded data. 


The main results showed that the adopted spliced length which was 20 times diameter of the tension steel bars was sufficient under monotonic load, but this length was insufficient under the action of 40 cycles of the repeated load. Also, this length was insufficient to generate full bond between steel bars and concrete surrounding them when the steel fiber ratio was decreased (from 2% to 1.75% and 1.5% ) or the diameter of the spliced bar was increased (from 12mm to 16mm or 20mm) when the beam was tested under repeated load. Another results showed that better structural performance can be achieved by increasing the length of the lap splice (from 20db to 30db and 40db), increasing concrete cover (from 30mm to 35 and 





40mm), or providing stirrups within the splice region. The ductility ratio of the beam increased by 19%, 5% and 28% with increasing the splice length, concrete cover or providing stirrups within the splice region respectively even after the beam was exposed to repeated load compared with the beam which was tested under monotonic load. These ratios indicated that the most efficient strengthening method of the splice region is achieved by providing stirrups within the splice region if the beam will be exposed to repeated load.


The analytical part of this study included assuring the validity of utilizing ANSYS 15 finite element package to model and analyze the above mentioned RPC beams. The Static analysis was used to analyze the two reference beams that were tested under monotonic loading, while Transient analysis was used to analyze beams that were tested under repeated loading. The validity was assured by the good agreement between the experimental and theoretical results. As a result, a parametric study was performed to investigate the adequacy of using lap splice lengths of 15,10 and 5 diameter of bar 12mm in RPC beams  under monotonic load only. The results of the parametric study insured that 5 and 10 diameter of bar is inadequate lengths to develop full bonding strength between steel bars and reactive powder concrete surrounding them, while 15 diameter of bar was sufficient length to be used as lap splice length when the beam tested under monotonic load. 
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