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Short Description

Descripción: The Effect of Bending on the Normalized Stress at Roots of Threaded Connectors...



Description


The Effect of Bending on the Normalized Stress at Roots of Threaded Connectors R. L. Burguete E. A. Patterson Department of Mechanical and Process Engineering, University of Sheffield, Sheffield, England



Three-dimensional photoelasticity was used to analyze the effect of bending on the normalized stress at the roots of threaded connectors. Loading was effected by steel cages and a combination of eccentric weights (to provide the bending load) and concentric weights {to provide the axial load). The ratio of the bending stress to the axial stress was determined and various levels of this stress ratio, Ra, were tested. The connections were analyzed by taking thin slices in the plane of bending and perpendicular to it. The position of the maximum fringe order at the roots was determined using Mesnager's theorem and the maximum fringe order found by Tardy compensation. The fringe orders were normalized using the nominal axial stress and the total nominal stress (bending plus axial stress), which were calculated from the loads applied. The results, when normalized using the nominal axial stress and compared to those in connections without bending, exhibit a lower and broader peak of normalized stress values plotted against the helix length. The normalized stress values are also periodic in relation to the bending plane due to the variation in stress around the longitudinal axis of the bolt. It was found that bending in connectors will affect the normalized stress and that it is possible to determine this effect in a similar way to the method used for axially loaded connections.



Introduction The analysis of the normalized stress at the root of screw threads has traditionally only considered bolts loaded axially. With the advent of new methods of analysis of threaded connections, which show that most bolts are loaded eccentrically, the need for a more realistic analysis has arisen. The stress concentration at the thread root has a major influence on the fatigue life of the connection (Patterson, 1990). A detailed knowledge of the stress concentrations and the way in which they are affected by the applied loads is crucial for good design. It is known that eccentric loading increases the load on a bolt, but the effect on the thread root stress is not known. It is important to find a relation between the thread loads and/or stresses, and the bending loads that affect the connection. The approach used to do this was divided into two stages: the first stage will be described as simple bending, and the second stage is called joint bending. This paper describes only simple bending. The reason for this is in part to simplify the analysis so that the effect of bending can be broken down into components. In the second stage, bending is applied more realistically, but analysis is more complex. This will be covered in a separate paper. The method used to apply bending is similar to the methods used in Patterson and Kenny (1987), with an additional load applied to create a bending moment. The main benefit of this Contributed by the OMAE Division for publication in the JOURNAL OF OFFSHORE MECHANICS AND ARCTIC ENOINEERINO. Manuscript received by the OMAE



method is that a simple relation between bending load and the normalized stress distribution in the thread can be sought.



Experimental Setup The bolts that were tested were scaled Ml2 double ended bolts according to BS 3643 (ISO, 1981). All the dimensions of the Ml2 bolt were doubled, to give a bolt with nominal diameter of 24 mm and a pitch of 3.5 mm. The material used was epoxy resin MY750 prepared according to Kenny (1965). The dimensions of the bolts, nuts, and washers are shown in Fig. 1. The apparatus used to load the bolts is shown in Fig. 2. The upper half, which is not shown, is symmetrical to the lower half with the central tie bar used to hang the rig inside the oven. The bending of the bolt was affected by applying an eccentric force to the cage. The applied loads were specified so that the nominal bending stress at the thread roots (i.e., excluding concentration effects) was a specific fraction of the nominal axial stress. The applied loads are listed in Table 1. The parameter Ra has been defined for these experiments to allow simple categorization of the results. This parameter is defined by Eqs. (3) and (4). The values aa and ab are the axial and bending stresses, respectively, and are defined as follows:
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ua = 4(Fa + Fb)/ird2s
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Table 1 Applied loads for the various values of R„ tested Eccentric load, N Axial load, N Re • 7.0 0.47 126 10.6 0.96 89 12.8 1.42 68 14.2 1.90 53



minor diameter of the bolt. The value of 
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