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Introduction


�
This document describes the script ShearMoment which creates shear force and bending moment diagrams for rectangular beams in Working Model (WM) simulations.  These diagrams are useful for predicting the structural failure in beams.  In general, the shear force and bending moment vary along the length of the beam and can be strongly affected by the beam’s motion. Using a graphics window, like that shown in Figure-1, this script displays  shear force and bending moment verses the position along the length of the beam and updates these diagrams at each frame.  This script also records and displays  maximum and minimum values of both the shear force and bending moment over the history of the simulation. In addition, ShearMoment provides for the export of shear force and bending moment data to a text file for any time frame. �
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Installation


�
The file shear.wbs is located on your installation disk.  Copy this file to the directory krdemos located on your hard drive.  krdemos is a subdirectory of scripts, which itself is a subdirectory of the Working Model directory.  The full path to the krdemos directory is usually C:\WM303\scripts\krdemos.
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�
Operation Instructions

















�
Before running Shear.wbs, select the rectangular beam within your WM document to be analyzed.  Invoke Shear.wbs by selecting the script menu from the WM menu bar and clicking run.  Respond to the request for a script file by choosing Shear.wbs which should be located in the directory C:\WM303\scripts\krdemos.  





The script creates a window, like that shown below, which displays both shear force and bending moment diagrams.  It shows the shear force diagram in red and the bending moment in blue.  The script updates these diagrams each time frame.  The numbers to the left of the diagrams are the maximum and minimum values of the shear force; the numbers to the right are the maximum and minimum values of the bending moment. 
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�
There are six buttons which control various aspects of the simulation.  The Run/Stop button starts and stops the simulation.  While the simulation is running, this button has the word Stop on it, and only this button is enabled.  The > and < buttons allow for forward or backward stepping through the simulation.  The Max/Min button reports the maximum and minimum value of the shear force and bending moment over the entire history of the simulation.  When the Max/Min button is selected, the diagrams are replaced by the dialogue box shown below.  Selection of any of the other control buttons will bring back the shear-moment diagrams
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�
The Export button provides for the export of the shear force and bending moment data of the current time frame to a data file.  With the > and < buttons, you can step forward and backward to any frame of interest.  This may be used, for example, to record the profile associated with the maximum bending moment.  The script automatically names the file according to the format Shear###.dta.   The triple pound sign ### symbolizes the numeric characters between 001 and 999 and reflects the order in which this file was written.  For example, the first profile exported is written to the file Shear001.dta. The files are written in the directory in which Shear.wbs resides, usually C:\WM303\scripts\krdemos.  �
�
Unit Systems


�
This script works with the SI and English unit systems only.  It automatically selects the mass and distance units to be consistent with the current force unit.  If the user selects the force unit to be Newtons, the script selects meters for the distance unit and kilograms for the mass unit.  If the user selects the force unit to be pounds, the script selects inches for the distance unit and Earth pounds for the mass unit.  If the user selects another unit for force, dynes for example, the script notifies the user that this system of units is unavailable and the program terminates.�
�
Contact and Collision Forces Not Included


�
This script creates the shear force and bending moment diagrams by identifying the kinematic state of the beam and the magnitude, direction, and point of application of the external loads applied to it. Working Model is designed primarily for rigid-body dynamic analysis.  The construction of the shear force and bending moment diagrams requires a more detailed description of the location and distribution of contact loads than is available in a rigid body analysis.   As a result, contact and collision loads are ignored.�
�






�
Coordinate System


�
In calculating and presenting the shear force and bending moment diagrams, this script employs the coordinate system assigned to the rectangle by Working Model.  This coordinate system is shown below.  The diagrams display the shear force and bending moment verses the rectangle’s x-coordinate shown below. The script calculates the bending moment value along the line, y = 0,which passes through the geometric center of  the beam.�
�
Figure - 4�
�
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Sign Convention


�
Figure 5 shows an exploded view of the beam element B which is circled in  figure 4, above.  The shear force and bending moment are the internal loads which hold the beam together and ensure the rigid connection between the element B and the remainder of the beam, which consists of the two elements A and C that are shown in figure 4, above.�
�
Figure - 5
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�
Figure-5 shows our convention for positive shear force and bending moment.  The shear force is positive when element A exerts a force in the positive y-direction on the element B and when element C exerts a force in the negative y-direction on the element B.  The bending moment is positive when element A exerts a moment in the positive z-direction (out from the page) on element B and when element C exerts a moment in the negative z-direction on element B.  �
�
�
Normal Stress Induced by Bending Moment


�
This choice of sign convention determines that a beam with a positive bending moment has its top surface in tension and its bottom surface in compression. The formula which relates� EMBED Equation.2  ���, the stress, to the bending moment,� EMBED Equation.2  ���, is� EQ �:


� EQ �                  � EMBED Equation.2  ���,


where � EMBED Equation.2  ��� is the distance from the center of the beam and � EMBED Equation.2  ���, the area moment of inertia of the beam cross section, is defined and shown below.�
�
Figure - 6











�












                   � EMBED Equation.2  ���,
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�
The Falling Smoke Stack








Figure - 7
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� EMBED HJPRO  ����
�
�
The falling smoke stack is a well-known example where dynamic loads lead to a structural failure.  It has been known to happen that a falling smoke stack breaks in two before it hits the ground.  The failure occurs because of high tensile stresses caused by a bending moment.  Figure - 7 shows a simple representation of the falling smoke stack in Working Model.   In Figure - 8, we show both the static and dynamic analyses of this event.  In the static beam analysis, the beam is rigidly attached to the background. In the dynamic analysis, the connection is made with a circular pin, which allows the beam to rotate.  Figure-8 shows that the difference between the two analyses is substantial.  Figure-8 also highlights that in the dynamic analysis, the peak bending moment occurs in the middle of the beam which is consistent with the notion that a falling smoke stack breaks into two pieces before hitting the ground.
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Figure - 8
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